
123

Urologic 
Oncology

Multidisciplinary Care 
for Patients

Kelly L. Stratton
Alicia K. Morgans
Editors



Urologic Oncology



Kelly L. Stratton • Alicia K. Morgans
Editors

Urologic Oncology
Multidisciplinary Care for Patients



ISBN 978-3-030-89890-8    ISBN 978-3-030-89891-5 (eBook)
https://doi.org/10.1007/978-3-030-89891-5

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2022
This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether 
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse of 
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and 
transmission or information storage and retrieval, electronic adaptation, computer software, or by similar 
or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, expressed or implied, with respect to the material contained herein or for any 
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional 
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Editors
Kelly L. Stratton
Urology
University of Oklahoma Health 
Science Center
Oklahoma City, OK, USA

Alicia K. Morgans
Medical Oncology
Dana-Farber Cancer Institute
Boston, MA, USA

https://doi.org/10.1007/978-3-030-89891-5


v

Contents

 1   Creating a Multidisciplinary Clinic  . . . . . . . . . . . . . . . . . . . . . . . . . . .    1
J. Ryan Mark and Leonard G. Gomella

 2   Supportive and Palliative Care for Genitourinary Malignancies . . . .   15
Elizabeth Wulff-Burchfield

 3   Operationalizing Genetic Testing in the Care of Patients  
with Prostate Cancer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   61
Brittany M. Szymaniak, Lauren A. Facchini, Max F. Kelsten, 
Heather H. Cheng, and Alicia K. Morgans

 4   High-Risk Localized Prostate Cancer . . . . . . . . . . . . . . . . . . . . . . . . . .   75
Alexander P. Cole, Quoc-Dien Trinh, and Adam S. Kibel

 5   Treatment of Metastatic Hormone- Sensitive Prostate Cancer . . . . . .   97
Woodson W. Smelser, Christopher J. D. Wallis, and Kelvin A. Moses

 6   Expanding Options for M0 Castration- Resistant Prostate  
Cancer (CRPC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  119
Daniel C. Parker and Michael S. Cookson

 7   Immunotherapy for Metastatic Prostate Cancer . . . . . . . . . . . . . . . . .  131
Mohammad Atiq and Ravi Madan

 8   Advances in Prostate Cancer Imaging  . . . . . . . . . . . . . . . . . . . . . . . . .  147
Ali Aria Razmaria, Heiko Schoder, and Michael J. Morris

 9   Bone Health Management  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  179
Zineb Hamilou and Fred Saad

 10   Radiotherapy for Advanced Prostate Cancer . . . . . . . . . . . . . . . . . . . .  197
Soumyajit Roy and Daniel E. Spratt

 11   Optimizing Perioperative Treatment for Kidney Cancer . . . . . . . . . .  215
Wesley H. Chou, Daniel Lin, Viraj Master, and Sarah P. Psutka



vi

 12   Surgical Treatment for Metastatic Kidney Cancer . . . . . . . . . . . . . . .  243
Roy Mano and A. Ari Hakimi

 13   Targeted Therapy for Renal Cell Carcinoma . . . . . . . . . . . . . . . . . . . .  263
Juan Javier-DesLoges, Ithaar Derweesh, and Rana R. McKay

 14   Hereditary Cancer and Genetics in Renal Cell Carcinoma  . . . . . . . .  285
Hong Truong and Maria I. Carlo

 15   Immunotherapy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  299
Georgia Sofia Karachaliou, Nathan Hirshman, and Tian Zhang

 16   Evolving Treatment in Non-muscle- Invasive Bladder Cancer . . . . . .  313
Benjamin M. Eilender, Andrew B. Katims, John L. Pfail,  
and John Sfakianos

 17   Neoadjuvant and Adjuvant Therapy for Muscle-Invasive  
Bladder Cancer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  349
Brendan J. Guercio and Gopa Iyer

 18   Bladder-Sparing Approaches to Treatment of Muscle-Invasive Bladder 
Cancer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  381
Amishi Bajaj and Sean Sachdev

 19   Treatment of Metastatic Bladder Cancer . . . . . . . . . . . . . . . . . . . . . . .  425
Yu Fujiwara, Hirotaka Miyashita, and Matthew D. Galsky

 20   Treatment of Upper Tract Urothelial Carcinoma  . . . . . . . . . . . . . . . .  443
Kathleen M. Olson, Kassem S. Faraj, Parminder Singh,  
and Mark D. Tyson

  Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 485

Contents



vii

Contributors

A. Ari Hakimi Urology Service, Department of Surgery, Memorial Sloan Kettering 
Cancer Center, New York, NY, USA

Mohammad Atiq National Cancer Institute, Bethesda, MD, USA

Amishi Bajaj Department of Radiation Oncology, Robert H. Lurie Comprehensive 
Cancer Center, Northwestern University, Feinberg School of Medicine, 
Chicago, IL, USA

Maria  I.  Carlo Department of Medicine, Memorial Sloan Kettering Cancer 
Center, New York, NY, USA

Heather  H.  Cheng Fred Hutchinson Cancer Research Center and Division of 
Medical Oncology, Department of Medicine, University of Washington School of 
Medicine, Seattle, WA, USA

Wesley H. Chou Harvard Medical School, Boston, MA, USA

Alexander  P.  Cole Division of Urological Surgery, Brigham and Women’s 
Hospital, Harvard Medical School, Boston, MA, USA

Michael S. Cookson Department of Urology and Stephenson Oklahoma Cancer 
Center at the University of Oklahoma Health Sciences Center, Oklahoma 
City, OK, USA

Department of Urology, University of Oklahoma Health Sciences Center & The 
Stephenson Cancer Center, Oklahoma City, OK, USA

Ithaar  Derweesh Department of Urology, University of California San Diego, 
La Jolla, CA, USA

Benjamin M. Eilender Department of Urology, Icahn School of Medicine, New 
York, NY, USA

Lauren A. Facchini Seattle Cancer Care Alliance, Seattle, WA, USA

Kassem S. Faraj Department of Urology, Mayo Clinic Arizona, Phoenix, AZ, USA



viii

Yu Fujiwara Department of Medicine, Icahn School of Medicine at Mount Sinai, 
Mount Sinai Beth Israel, New York, NY, USA

Matthew D. Galsky Department of Medicine, Icahn School of Medicine at Mount 
Sinai, Mount Sinai Beth Israel, New York, NY, USA

Leonard G. Gomella The Bernard W. Godwin Jr, Department of Urology, Sidney 
Kimmel Cancer Center, Jefferson Health, Thomas Jefferson University, 
Philadelphia, PA, USA

Brendan J. Guercio Department of Medicine, Memorial Sloan Kettering Cancer 
Center, New York, NY, USA

Zineb  Hamilou Department of Medicine, Division on Hematology Oncology, 
Centre Hospitalier de l’Université de Montréal, Montreal, QC, Canada

Nathan  Hirshman Duke University Medical Center, Department of Medicine, 
Durham, NC, USA

Gopa  Iyer Department of Medicine, Memorial Sloan Kettering Cancer Center, 
New York, NY, USA

Juan  Javier-DesLoges Department of Urology, University of California San 
Diego, La Jolla, CA, USA

Georgia Sofia Karachaliou Duke University Hospital, Department of Medicine/
Division of Medical Oncology, Durham, NC, USA

Andrew  B.  Katims Department of Urology, Icahn School of Medicine, New 
York, NY, USA

Max  F.  Kelsten Department of Medicine, Feinberg School of Medicine at 
Northwestern University, Chicago, IL, USA

Adam S. Kibel Division of Urological Surgery, Brigham and Women’s Hospital, 
Harvard Medical School, Boston, MA, USA

Daniel Lin Department of Urology, University of Washington, Seattle, WA, USA

Seattle Cancer Care Alliance, Seattle, WA, USA

Ravi  Madan Genitourinary Malignancy Branch, National Cancer Institute, 
Bethesda, MD, USA

Roy Mano Department of Urology, Tel-Aviv Sourasky Medical Center, Sackler 
School of Medicine, Tel-Aviv University, Tel Aviv-Yafo, Israel

J. Ryan Mark Department of Urology, Sidney Kimmel Cancer Center, Thomas 
Jefferson University, Philadelphia, PA, USA

Viraj Master Department of Urology, Emory School of Medicine, Atlanta, GA, USA

Winship Cancer Institute, Atlanta, GA, USA

Contributors



ix

Rana  R.  McKay Department of Medicine/Division of Hematology-Oncology, 
University of California San Diego, La Jolla, CA, USA

Department of Medical Oncology, Moores UCSD Cancer Center, La Jolla, CA, USA

Hirotaka Miyashita Tisch Cancer Institute, Icahn School of Medicine at Mount 
Sinai, New York, NY, USA

Alicia  K.  Morgans Department of Medical Oncology, Dana-Farber Cancer 
Institute, Boston, MA, USA

Michael J. Morris Memorial Sloan Kettering Cancer Center, New York, NY, USA

Kelvin  A.  Moses Vanderbilt University Medical Center, Division of Urologic 
Oncology, Nashville, TN, USA

Kathleen  M.  Olson Department of Urology, Mayo Clinic Arizona, 
Phoenix, AZ, USA

Daniel  C.  Parker Department of Urology, University of Oklahoma Health 
Sciences Center & The Stephenson Cancer Center, Oklahoma City, OK, USA

John  L.  Pfail Department of Urology, Icahn School of Medicine, New 
York, NY, USA

Sarah  P.  Psutka Department of Urology, University of Washington, 
Seattle, WA, USA

Seattle Cancer Care Alliance, Seattle, WA, USA

Ali Aria Razmaria Memorial Sloan Kettering Cancer Center, New York, NY, USA

Soumyajit  Roy Department of Radiation Oncology, Rush University Medical 
Center, Chicago, IL, USA

Fred  Saad Department of Surgery, Division of Urology, Centre Hospitalier de 
l’Université de Montréal, Montreal, QC, Canada

Sean Sachdev Department of Radiation Oncology, Robert H. Lurie Comprehensive 
Cancer Center, Northwestern University, Feinberg School of Medicine, 
Chicago, IL, USA

Heiko Schoder Memorial Sloan Kettering Cancer Center, New York, NY, USA

John  Sfakianos Department of Urology, Icahn School of Medicine, New 
York, NY, USA

Parminder Singh Department of Medicine/Division of Hematology and Oncology, 
Mayo Clinic Arizona, Phoenix, AZ, USA

Woodson W. Smelser Vanderbilt University Medical Center, Division of Urologic 
Oncology, Nashville, TN, USA

Contributors



x

Daniel  E.  Spratt Department of Radiation Oncology, University Hospitals 
Seidman Cancer Center, Cleveland, OH, USA

Brittany M. Szymaniak Department of Urology, Feinberg School of Medicine at 
Northwestern University, Chicago, IL, USA

Quoc-Dien Trinh Division of Urological Surgery, Brigham and Women’s Hospital, 
Harvard Medical School, Boston, MA, USA

Hong Truong Urology Service, Department of Surgery, Memorial Sloan Kettering 
Cancer Center, New York, NY, USA

Mark D. Tyson Department of Urology, Mayo Clinic Arizona, Phoenix, AZ, USA

Christopher  J.  D.  Wallis Vanderbilt University Medical Center, Division of 
Urologic Oncology, Nashville, TN, USA

Elizabeth  Wulff-Burchfield Internal Medicine, Divisions of Medical Oncology 
and Palliative Medicine, University of Kansas Medical Center, Kansas City, KS, USA

Tian  Zhang Division of Hematology and Oncology, Department of Internal 
Medicine, University of Texas Southwestern Medical Center, Dallas, TX, USA

Contributors



1© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2022
K. L. Stratton, A. K. Morgans (eds.), Urologic Oncology, 
https://doi.org/10.1007/978-3-030-89891-5_1

Chapter 1
Creating a Multidisciplinary  
Clinic

J. Ryan Mark and Leonard G. Gomella

Abbreviations

GU Genitourinary
MDC Multidisciplinary clinic
MDTB Multidisciplinary tumor board
MIBC Muscle-invasive bladder cancer
NAC Neoadjuvant chemotherapy
SKCC Sidney Kimmel Cancer Center

 Introduction

Modern care of the patient with genitourinary (GU) cancer is complex. In particular, 
enormous controversy exists in the treatment decisions made by men diagnosed 
with prostate cancer. The sequence of treatments supported by international guide-
lines is a continuous mix of therapies delivered by highly skilled urologic, radiation, 
and medical oncologists. New systemic immunotherapies have toxicities outside the 
familiar complications of chemotherapy, often requiring input from additional spe-
cialists. The success of these and other new systemic agents has influenced the ever- 
evolving role of local surgical and radiation therapy for metastases, and systemic 
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therapy is now increasingly used for localized disease – all this in an aging popula-
tion with comorbidities while treating an organ system with consequential impacts 
on quality of life and sexual function.

How is “multidisciplinary prostate cancer care” defined? It encompasses collab-
orative patient care by a team of different specialists where all treatment options are 
discussed and individualized for each patient [1]. While this general definition 
exists in the field of oncology, the models of multidisciplinary clinic care can differ 
greatly. In its purest and arguably most effective form, a true multidisciplinary clini-
cal setting should include real-time interaction between the various specialists and 
the patient. Other multidisciplinary practice models such as an agreement among 
specialists to follow defined care pathways or discussion of cases at tumor boards 
can be employed, but lack the impact of the real-time interactive model on patients, 
families, and trainees.

An essential element in this multidisciplinary approach to diseases such as pros-
tate cancer is educating patients and involving them in medical decisions, a concept 
known as “shared decision-making.” As noted by the US Institute of Medicine, 
shared decision-making is at the heart of patient-centered care that is “responsive to 
individual patient preferences, needs and values [2].” The so-called “paternalistic” 
approach to patient care, where physicians made the decision that they thought was 
best, is no longer considered to be the standard of care in medicine.

In an effort to improve the quality of care delivered by multiple specialists of 
different disciplines, it is unsurprising that efforts have focused on ways to stream-
line the patient experience and improve coordination among the care team. In our 
experience at our NCI-designated Sidney Kimmel Cancer Center at Thomas 
Jefferson University (SKCC), the multidisciplinary clinic has provided the ideal 
opportunity to achieve these goals and has resulted in improved satisfaction and 
patient outcomes [3]. We believe this is the first and longest continuously running 
MDC at an NCI-designated cancer center in the USA. Over the years many other 
centers have developed similar models of multidisciplinary clinic care. In this 
chapter we share our experience with this care delivery model and provide guid-
ance to others who may be interested in developing a multidisciplinary clinic of 
their own.

 Historical Perspective

The GU multidisciplinary clinic (MDC) at the SKCC was established in 1996 under 
the leadership of Dr. Leonard Gomella and radiation oncologist Dr. Richard 
Valicenti. While all tumor types such as bladder, kidney, and testicular are evalu-
ated, prostate cancer diagnosis compromises up to 80% of patients seen. A major 
focus of our GU MDC has been to primarily help men and their families understand 
and face the challenging treatment decisions following a new prostate cancer diag-
nosis. We have been successful at using a team approach to offer men state-of-the-
art oncology care by developing a clinical practice that serves as an educational 
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resource for patients, their families, and also our residents and fellows in training. 
The organizational structure has changed over the years as patients’ needs have 
evolved, but at its core the clinic has remained a place where patients with GU can-
cers can come to consult with urologic, radiation, and medical oncologists for edu-
cation and treatment of their cancer. In 2014 we incorporated the first prostate 
cancer genetic testing clinic within our MDC [4].

Despite the original focus placed on prostate cancer care, the utility of the MDC 
extends to all our patients with genitourinary malignancies. Metastatic testicular 
cancer is a curable disease with combination chemotherapy and post-chemotherapy 
retroperitoneal lymphadenectomy. The value of a multidisciplinary approach to 
these typically younger men is self-evident, and the MDC at SKCC has been a con-
venient place to swiftly manage these men as a coordinated team. Having been 
operational throughout the eras of cytokine, targeted, and immunotherapies for 
renal cell carcinoma, our MDC has also been an invaluable location to discuss the 
role of cytoreductive nephrectomy, metastasectomy, and sequencing local therapy 
with systemic agents as well as evaluating patients for clinical trials. Small renal 
masses were also followed historically at the MDC where patients can discuss sur-
veillance, partial nephrectomy, or ablative techniques together with urologists and 
interventional radiologists. The significant increase in the detection of small renal 
masses, defined as suspicious lesions less than 4 cm, resulted in us spinning off a 
small renal mass clinic in 1996 consisting of interventional radiologists and uro-
logic oncologists [5]. Neoadjuvant chemotherapy prior to radical cystectomy for 
muscle invasive bladder cancer (MIBC) is now considered a standard of care, and 
we manage these patients in concert through the MDC. Specifically, for this popula-
tion we have shown 70% of our patients receive neoadjuvant therapy compared to 
utilization rates of 20–40% reported in the literature [6]. The scenarios where 
patients benefit are abundant in this model across all our disease states.

Multidisciplinary clinics reflect an evolution of cancer patient care originating 
from multidisciplinary tumor boards (MDTBs). MDTBs have long been the mecha-
nism to bring providers of different specialties together to discuss cancer manage-
ment [7]. Patients are presented to the group for opinions on the best treatment 
recommendation. Alternatively, an already treated patient’s case is presented as a 
didactic, and treatment options are discussed in retrospect. The value of MDTBs is 
evident as they are required for accreditation of a surgical cancer program by the 
American College of Surgeons Commission on Cancer Program [8].

Patients are benefitted by MDTBs as they increase adherence to national guide-
lines. In a study by Abraham et al., participation in a MDTB was the most signifi-
cant factor contributing to guideline-based care in colorectal patients (OR 3.6, 
p < 0.001), and in another study of patients with esophageal cancer, presentation at 
a MDTB not only increased adherence to NCCN guidelines but also increased 
appropriate clinical staging (67% vs 97%, p < 0.001) and decreased the time to 
treatment (27 vs 16 days, p < 0.001) [9, 10]. Similar outcomes have been found 
when evaluating adherence to NCCN guidelines in the management of patients with 
prostate cancer. Hussein et  al. found patients reviewed in their MDTB received 
treatment recommendations that were more likely to comply with NCCN guidelines 
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than the recommendations patients received in the community (90% vs 64%, p not 
reported) [11].

Tumor boards have also been shown to influence disease management. Rao et al. 
describe that 26% of patients with prostate cancer presented at their MDTB had a 
change of the proposed treatment plan with a majority of changes made in patients 
with metastatic disease [12]. Scarberry et al. evaluated the impact their MDTB had 
in the management of patients with GU malignancies that were presented in confer-
ence. In their practice, all cancer cases are presented at MDTB, and this resulted in 
a management change for 18% of patients. Of particular interest is that physicians 
surveyed were only able to predict 10% of the cases that would have a management 
change illustrating, perhaps, our own bias and inability to select who should and 
shouldn’t be presented in a multidisciplinary environment. The authors conclude 
that all cancer patients should be presented to a MDTB [13].

Not all studies, however, have found that MDTBs improve patient care. Lung 
cancer patients reviewed by Riedel et al. found no improvement in time to diagnosis 
or treatment following establishment of a MDTB [14]. A survey of 138 Veterans 
Affairs hospitals found that MDTBs did not contribute to any improvement in 20 of 
27 cancer care metrics on multivariate analysis. One prostate cancer measure was 
noted to be improved in this study. Oral anti-androgen use before GnRH was initi-
ated in men with metastatic disease (71% vs 82%, p = 0.03), though rates of adju-
vant radiation therapy, concurrent ADT with EBRT, and ADT use for metastatic 
prostate cancer were not influenced by MDTBs [15]. The authors concluded that 
perhaps the structure or quality of physician involvement may have more to do with 
MDTB success than the format itself.

When optimized MDTBs can be an effective method of discussing complex care 
issues, however, Keating et al. have shown that engagement from all participating 
physicians is key. It has been estimated that over 50 physician hours per month are 
dedicated to these conferences where usually only one physician has met the patient. 
Therefore, the information presented regarding the patient’s condition or treatment 
preferences is potentially biased because it was gathered viewing the problems 
through the prism of one specialty [7]. The MDC at SKCC was created to address 
these limitations by bringing the entire clinical care team to the patient and 
their family.

 The Multidisciplinary Clinic at Sidney Kimmel Cancer Center 
Thomas Jefferson University

Multidisciplinary clinics vary widely in their organization as there is no universally 
accepted definition of this model of care. We ascribe to the principles put forth by 
Hong et  al. that a true multidisciplinary care model fundamentally encompasses  
“collaborative patient care by a team of individuals where all diagnostic and treat-
ment options are discussed and tailored for each patient.” At its core, medical oncol-
ogists, radiation oncologists, and surgical oncologists are supported by pathologists, 
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radiologists, geneticists, palliative care specialists, and representatives from nurs-
ing, nutrition, clinical trials, and social work to optimize patient care [1]. Sequential 
appointments in separate clinic locations coordinated by a nurse navigator as part of 
a cancer service line can streamline patient care; however, in developing our MDC, 
it was felt that true multidisciplinary care for our GU oncology patients must involve 
real-time interaction between the various specialists and the patient and their family. 
This is a necessity because treatment options and decisions can be extensive and at 
times controversial. The opportunity to address these issues in real time cannot be 
underestimated. With that philosophy in mind, we discuss the core components of 
our MDC at SKCC.

The basic operation of our MDC has previously been described, and our current 
updated 2021 organizational structure is shown in Fig.  1.1 [16]. The MDC is a 
weekly half-day clinic session where urologic, radiation, and medical oncologists 
independently evaluate and consult with a patient and their family to educate and 
guide their treatment decisions. Resident and fellows from their respective services 
participate as well as oncology trained advanced care providers. Patients are sched-
uled for clinic by the MDC nurse coordinator who arranges the transfer of patient 
records, imaging, and pathology slides. In the early days of our MDC, a post-clinic 
conference was held at noon to discuss the patients and their management. In the 
most recent iteration, all patients seen are reviewed in a MDTB conducted before 
the formal office hours. This conference includes participation of a pathologist and 
radiologist that provide second opinion reports of outside results. All available 
imaging and pathology are reviewed alongside the clinical history. A summary doc-
ument is generated before the conference by our coordinator. Typically, the case is 
also reviewed and presented by a resident or fellow to the group. Possible treatment 
options are discussed alongside available clinical trials. A GU focused research 
coordinator attends the MDTB and MDC to help assess eligibility for enrollment. 
Additional needs are also addressed such as genetics consultation for germline test-
ing or any anticipated additional support. Other multidisciplinary input from spe-
cialist teams like geriatric oncology or further evaluation by a dedicated molecular 
tumor board is considered.

Prior to arrival at the MDC, the patient is provided with educational materials by 
the nurse coordinator as well as relevant patient surveys such as the International 
Prostate Symptom Score and Sexual Activity Inventory for prostate cancer patients. 
Patients are then independently evaluated by each clinical service based on their 
clinical setting. If the situation warrants, additional consultants are added to 
their visit.

Separately, each physician team evaluates the patient. We encourage involve-
ment of our trainees in this process for the interdisciplinary educational benefits this 
setting provides. Recommendations are discussed with the patient as in any ordi-
nary clinic appointment before the next specialist performs their evaluation. At the 
conclusion of the appointment, the providers discuss their findings and, with rare 
exceptions, endorse the approach that was discussed at the preclinical MDTB. A 
representative presents the summary recommendation to the patient who then leaves 
the clinic with a treatment plan. Using this approach, we have been successful at 
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integrating the opinions of multiple specialists into a consensus recommendation. 
This has proven popular with patients that often receive differing recommendations 
from each specialist they encounter. We have reported high levels of patient satisfac-
tion with 91% stating they were very satisfied with their care [16]. Some patients are 
seen for second opinions with reports returned to the consulting physicians. 
Retention of patients for care in our cancer center is high, and often the reason cited 
for remaining with our center is the seamless coordination between care teams.

Brief
Appointment
Interview with

Nursing
Coordinator

-Data/slides request
-Specialties identified
-Info package mailed
-Insurance/referrals

Pathology and imaging
review with pre-conference

report

Upon patient arrival: review
other SKCC services (social

work, support groups,
genetics, nutrition, etc.)

Pre-Clinic Multi Disciplinary
Tumor Board (MDTB)
group meeting, case

review and discussion

iennt Clinical trials eligibility
assessment

Urological
Surgical

Oncology

Radiation
Oncology

Medical
Oncology

Real time interactive case
discussion

-Genetic testing
introduction
-Clinical trials
options
-Molecular tumor
testing and
molecular board
referralTreatment plan +/- additional

evaluation or referrals

Visit summary
and letter to

referring providers

Treatment
scheduled at the
Sidney Kimmel
Cancer Center

Second
opinion

only

Multidisciplinary GU Cancer Center Clinic
Sidney Kimmel Cancer Center
Thomas Jefferson University

+/- +/- +/-

Fig. 1.1 Current 2021 organizational structure of the multidisciplinary GU cancer center clinic of 
the NCI-designated Sidney Kimmel Cancer Center of Thomas Jefferson University in Philadelphia. 
(Courtesy Dr. Leonard Gomella)
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There are several features of our clinic which we feel are critical to a suc-
cessful MDC.

 1. A dedicated nursing coordinator who is primarily responsible for scheduling 
patients and serves as a liaison to help patients navigate a complicated health 
system when arranging appointments or studies.

 2. Availability of patient records, imaging, and pathology allows for true objective 
primary and second opinions and helps ensure accuracy of our 
recommendations.

 3. Communication between specialists both in the preceding MDTB and during the 
clinic. When not in patient rooms, physicians congregate to discuss the patients. 
This provides additional educational exposure for our residents and fellows to 
learn from other disciplines.

 4. Specialists express a unified therapy plan after the patient evaluation or a list of 
best options including clinical trial participation. The risks and benefits are 
discussed for all options thoroughly and by specialists with different 
perspectives.

 5. Patient advocacy from family or close friends is encouraged. It is strongly 
encouraged that the patient attends the MDC with a spouse, child, relative, or 
close friend to support the patient during the visit.

 6. A commitment to the program by the various specialists.

The organizational structure of the clinic has changed slightly through the years 
as noted previously. Originally the MDTB was held following the clinic. This had 
the advantage of all providers being familiar with the patient, but was felt to be 
much less efficient overall. It interfered with afternoon clinic or procedures follow-
ing the MDC and created scheduling conflicts for the involved pathologist and radi-
ologist who often have their own departmental noon conferences. Contacting the 
patient following the conference also led to long discussions and was felt to hinder 
clinical trial enrollment when trial eligibility was discussed after rather than during 
the visit. Patients also preferred to leave the visit with a recommendation which 
would otherwise be delayed in the original iteration of our clinic. Finally, the clini-
cal space used also allows for real-time discussion among the physicians further 
negating the need for the post-clinic meeting.

During the 2020 pandemic, our MDC continued to be operational with approxi-
mately 60% of visits converted to virtual telehealth encounters. This was relatively 
easy to transform to the telehealth platform since Jefferson Health and the clinical 
departments have an existing long-term commitment to the expansion of telemedi-
cine [17]. The MDC structure was largely unchanged as a virtual clinic as the 
MDTB was conducted as a videoconference where discussion of the clinical cases 
to be evaluated in the following telehealth-based MDC was possible. The nurse 
coordinator was also an invaluable resource for assisting patients navigating com-
pletion of staging studies in a healthcare environment that instantly became more 
challenging given the pressures of the novel coronavirus.

1 Creating a Multidisciplinary Clinic
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 Impact of Multidisciplinary Care

Reports of our initial experience conducting prostate cancer care in the MDC at 
SKCC demonstrated a high level of patient satisfaction. 91% of patients were very 
satisfied with their care, and 96% of patients were able to make a treatment deci-
sion based on the encounter [16]. Ten years later, 97–100% of patients ranked their 
care as “good” or “very good” [3]. Similar results have been seen from the clinical 
model adapted from ours reported by Magnani where average satisfaction score 
was 6/7 [18]. In the case of our clinic, satisfaction levels translated into improved 
patient retention. In the year 2000, during an initial evaluation of our MDC, we 
demonstrated that 67% of patients seen only for second opinion were ultimately 
treated by our multidisciplinary group. By 2010, nearly all (99%) internal patients 
and 75% of externally referred patients elected to stay with us for their prostate 
cancer care [3, 16].

Patient satisfaction and retention imply that a high level of service is provided by 
the dedicated experts who are better able to counsel patients given the time available 
in the MDC. We have seen this influence our men with low-risk cancer and their 
understanding/acceptance of active surveillance. In our MDC, a decision counsel-
ing program was instituted to men eligible for active surveillance. Prior to their 
visit, 33% of men were undecided on a treatment option, and after all patients had 
decided on a treatment. The rate of men requesting active treatment decreased from 
40% to 17%, and a preference for active surveillance increased from 27% to 83% 
[19]. During this same time period, only 42.1% of men in the USA with low-risk 
prostate cancer were treated with active surveillance identifying one quality metric 
of MDCs is to encourage guideline adherence for men with low-risk prostate can-
cer [20].

Adherence to guidelines has also been demonstrated in our MDC’s utilization of 
neoadjuvant chemotherapy (NAC) prior to cystectomy for muscle-invasive bladder 
cancer. Previously published National Cancer Database rates of NAC range from 
20% to 40% [21, 22]. Our cisplatin-based NAC utilization is 62.5%. In those 
patients who were cisplatin ineligible, our clinical trial portfolio available at the 
MDC expanded neoadjuvant therapies to include checkpoint inhibitors bringing 
total neoadjuvant therapy use to 71.8% of patients treated for muscle-invasive blad-
der cancer [6].

Additional improvements in care achieved by treating patients in a MDC can be 
observed in corrections of diagnosis. Correctly staging and assessing risk category 
of a patient’s cancer is essential to assure the appropriate sequence of treatments is 
commenced. At Johns Hopkins, 13% of men with prostate cancer treated in their 
MDC had an upgrade in their Gleason score, while 8% were downgraded. After 
pathologic and radiographic review, close to 30% of men presenting to their MDC 
experienced a meaningful change in NCCN risk category which has considerable 
implications on treatment selection [23].

Colleagues working at the Prostate Cancer Programme of Milan’s Istituto 
Nazionale dei Tumori have adapted and validated our model of multidisciplinary 
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care at their center [18]. For those interested in establishing such a program, their 
conclusion that “the multidisciplinary approach needs to be adaptable to meet new 
needs and improve quality” must be emphasized. Since the original description of 
our multidisciplinary clinic established in 1996, there have been several modifica-
tions to its operational structure. As guidelines are updated and new information 
becomes available, these patient-centric programs must be flexible in not only their 
structure but in their recommendations. In the early experience of the Milan pro-
gram, their data on active surveillance shows significant growth of this option in 
low-risk patients, from approximately 40% to over 70% between 2006 and 2010. As 
the concept of active surveillance became a “treatment” focus of clinical trials at 
their Prostate Cancer Programme, recruitment to these trials was enhanced.

Institutional benefit such as growth of one’s cancer center is also gained from the 
MDC approach. The time invested in patient education and completeness of the 
evaluation from a team working in a MDC provides an excellent opportunity for 
discussions surrounding clinical trial enrollment. In our practice, all patients are 
discussed in tumor board prior to being seen, and trial eligibility is considered. 
Relevant trials are presented by team members along with standards of care, and a 
research coordinator is present on site to help with enrollment. Embedding trial 
coordinators within the MDC is a key strategy that has been shown to increase 
patient accrual. In Delaware, the ChristianaCare cancer program has reported an 
increase in trial enrollment from 6.4% to 13.2% from 1997 to 2002 compared to a 
national rate of 2.5% after starting MDCs for their breast and hepatobiliary pro-
grams [24]. The hepatobiliary MDC at Johns Hopkins increased trial enrolment 
from 49.2% to 77.8% after establishing their MDC, while the Hopkins prostate 
MDC enrolled 20% of eligible patients, and 75% of patients donated urine and/or 
blood for translational research [23, 25].

The theoretical benefits of a multidisciplinary clinic approach can be readily 
listed. Similar to our data, the Milan Prostate Programme has shown high patient 
satisfaction scores in the setting of a well-designed clinic. While the benefits of a 
multidisciplinary approach to patient care is clear, some have voiced concern to a 
range of over issues, including cost [26]. As described above there can be significant 
overhead expenditure to maintain this clinical activity. At our institution the cost of 
running the MDC is offset by benefits already discussed above, but also by our out-
comes. We reported for the first time using our multidisciplinary clinic approach in 
prostate cancer that overall survival outcomes can be improved by this model. Our 
5-year survival for men with localized low-risk disease approached 100% which is 
to be expected based on published benchmarks. However, when analyzing men with 
locally advanced high-risk disease, the improved outcome at our center was pro-
nounced. For example, in men with high-risk pathologic T3 prostate cancer, 5-year 
survival approached 90% compared to a 78% overall survival compared to SEER 
(Surveillance, Epidemiology, and End Results) [3]. As others begin to care for 
patients in MDCs, it is essential that additional high-quality studies evaluate out-
comes of this care model to further examine the cost-benefit analysis as well as 
report on any improvements to the model as it evolves.

1 Creating a Multidisciplinary Clinic
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 Establishing a Multidisciplinary Clinic

Many US and international groups have now described their design and implemen-
tation of the multidisciplinary clinic approach to cancer care [27]. The European 
School of Oncology has promoted the design, implementation, and certification of 
prostate cancer units [28]. The MDC at SKCC has been successful over its 25 years 
of operations. It exists in a collegial, academic environment where the physicians 
are interested in not only excellent patient care but also patient satisfaction, clinical 
trial enrollment, and trainee education. In our healthcare delivery model, certain 
inefficiencies are expected and often welcomed because of our academic mission. 
As a consequence, our MDC structure may not be optimal for export in all situa-
tions. Local administrative and billing concerns may require an alternative organi-
zational structure to deliver care, and each health system will have its own limitations, 
but also its own unique characteristics contributing to its success. Those that wish to 
start their own MDC will need to identify their center’s capabilities during develop-
ment. Following these steps may also be helpful.

The first necessary action is to secure administrative support. Improving patient 
care is always a priority for hospital administrators; however, this will have to be 
balanced against cost. A business plan can help demonstrate to hospital leadership a 
level of commitment to the project and should consider financial viability of the 
clinic and downstream benefits. How will your providers bill insurance? Will there 
be salary support for physician involvement? Who will staff the clinic, and will new 
hires be required? What is the proposed location? Knowledge of historical referral 
patterns and projected volume changes are key. Health systems with employed phy-
sicians should explain to administration that the decrease in billable encounters dur-
ing a lower volume clinic includes an expected increase in surgical and radiation 
services and significant patient retention as discussed above. When private physi-
cians will cover the clinic, administrators may be attracted to a consolidation of 
services to their facilities. Billing for second opinion reads by pathology and radiol-
ogy is an additional opportunity for downstream revenue. It is likely that either 
breast, lung, gyn, colorectal, or hepatobiliary programs already have experience 
setting up a MDC, and their expertise navigating administrative hurdles at your 
institution may be an invaluable resource.

Strong physician support is paramount to a successful MDC as some physicians’ 
business models may discourage participation. Financial incentives can favor the 
efficiency of one’s own office. Covering a hospital location as a private physician 
can mean lost revenue from technical charges, loss of autonomy, and a redirection 
of patient referrals to the hospital’s health system. Offsetting this lost revenue with 
guaranteed salary support for physicians in one MDC resulted in large loses for the 
hospital and might negatively impact administrative support [24]. Having a plan for 
maintaining physician engagement in a private practice environment may be more 
challenging than an employed or academic health system. Requiring MDC partici-
pation to remain a member of the cancer center service line is an example of how to 
incentivize involvement.
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Another potential challenge to physician engagement is disagreement between 
specialists regarding appropriate treatment or turf battles which can lead to confus-
ing and conflicting recommendations to patients. Men with localized prostate can-
cer are fortunate that excellent results are achieved with either surgery or radiation 
therapy [29]. Physicians may be biased to offer treatments they themselves deliver 
based on their experience or financial incentives. New technologies may be consid-
ered unproven and therefore controversial to some members of the care team while 
strongly endorsed by others. Large-group urology practices often have an owner-
ship stake in a radiation center and therefore may be inclined to only discuss thera-
pies that they are capable of providing at their facility instead of more involved 
regimens such as high-dose brachytherapy. If consensus is not achieved when final-
izing recommendations, the MDC is unlikely to succeed in retaining patients.

We have been fortunate to practice in a collegial, patient-focused environment 
where the team uses our fiduciary responsibility to help patients decide on the treat-
ment modality that offers the best results in the context of their own desired out-
comes. For groups needing to align physician recommendations, it is helpful to 
create a consensus document of all agreed-upon evidence. Loblaw et  al. have 
described their process in detail [30]. They first compiled a list of topics they wished 
to address such as who should and shouldn’t be offered active surveillance or when 
to offer adjuvant radiation. Answers were provided by one stakeholder from each 
specialty, and then all members were surveyed about the extent they agreed with the 
answers. Consensus was achieved if >75% agreed with the wording of the answer. 
For items that did not reach consensus, answers were reworded and presented to the 
group again in a revised form for approval. The authors noted a positive shift to a 
more collaborative culture following this exercise.

Alongside a strong commitment from the physicians, administration needs to 
deliver support in terms of staffing and infrastructure. Salary support for the nurse 
coordinator needs to be secured at the outset. A conference room if a MDTB is not 
already established is needed for group discussions. A physical location for patients 
to be seen and the necessary staff (schedulers, medical assistants, nurses, check-in/
check-out, billing) must be designated by hospital administration. Our solution was 
to have the MDC at SKCC in the clinical space used by the Department of Radiation 
Oncology at our hospital. This is a hospital- based clinic that is managed and staffed 
by the hospital. The urologists provide a staff member from our office who assists 
with surgical scheduling.

How patient encounters will be billed is dependent on clinical operations. In a 
true MDC where all providers are present, the patient will be charged a single tech-
nical fee either by the hospital if the office is in a designated hospital managed clinic 
or by the physician group that covers the office expense. Providers will then bill the 
appropriate E/M codes for the encounter. This will usually be HCPCS code G0463, 
a single new patient visit (NPV 99201-99205), or established patient visit code 
(EPV 99211-99215). If the clinic is designed such that all physicians see the patient 
at the same time, then HCPCS code G0175 can be billed if a minimum of three non- 
nurse specialists are present including at least one physician [31]. If HCPCS codes 
are not accepted by payers, then 99201-99215 can be used for the facility fee.

1 Creating a Multidisciplinary Clinic



12

Physician billing is standard if patients are evaluated independently. E/M codes 
for new and established patients are used commensurate with documentation 
(99201-99215). If patients are seen simultaneously by a group of physicians, then 
HCPCS codes S0220 (30 min) or S0221 (60 min) may also be required. Billing on 
time in this scenario can be a challenge as even though a group of physicians are 
face to face with a patient for the entirety of the group encounter, a physician may 
only bill for the time they were performing the counseling. For example, a 60 min 
visit is divided among the providers despite all being present for the hour. Non- 
physician providers (psychologists, social workers) involved in multidisciplinary 
care can bill 99366-99368 depending on time spent in conference with the physi-
cian care team [31]. These recommendations may differ regionally and by insurance 
provider. It is important to discuss with your organization’s billing department on 
how to comply with appropriate charges for your clinic’s organizational structure. 
(It should be noted that if a MDTB is incorporated as part of the plan, it has not 
previously been considered billable time as the patient is not present. New Medicare 
rules effective January 2021 allow physicians to bill based on all time spent coordi-
nating care that day. Whether or not time spent in MDTB will be reimbursed by 
payers is not known at this time.)

Finally, coordination of physician schedules and establishing a strategy for refer-
rals will be needed. As the clinic launches, referring all newly diagnosed GU cancer 
patients from the participants’ existing practices can help staff navigate unforeseen 
challenges. A marketing brochure should be distributed to physician mail lists and 
outreach to particular practices with a history of referrals to any members of the 
MDC.  Hosting and advertising an event like a prostate cancer screening fair to 
engage community support can also increase visibility of the new clinic. As the 
MDC grows, it is paramount that mechanisms for data capture are instituted so that 
patient outcomes can be studied. Prospective studies with matched cohorts are 
sorely needed to improve the quality of research on the impact of MDCs [26].

 Conclusion

There is a growing body of encouraging literature concerning the multidisciplinary 
clinic approach to prostate cancer. The complexity of modern treatment for patients 
with genitourinary cancer mandates coordination between urologic, radiation, and 
medical oncologists. Multidisciplinary clinics have emerged as a strategy to sim-
plify the process for patients and provide a forum for clinicians of different disci-
plines to evaluate and discuss patient care in real time. For individuals interested in 
establishing a multidisciplinary prostate cancer clinic there, must be an unwavering 
long-term commitment from all parties, an assurance that cannot be underestimated. 
The institution, support staff, medical specialists, nurses, social workers, and other 
healthcare professionals must be partners in the vision of the center. Based on our 
success in GU oncology, our Sidney Kimmel Cancer Center now supports 12 other 
multidisciplinary clinics.
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At the multidisciplinary clinic of the Sidney Kimmel Cancer Center, we have 
demonstrated many benefits including high levels of patient satisfaction and 
enhanced learning opportunities for all participants. Additional benefits of MDCs 
have included increased cancer program visibility, enhanced trainee education, clin-
ical trial enrollment, and downstream institutional benefits such as patient retention. 
Our group has also demonstrated a defined oncologic outcome benefit to many 
patients with this approach.
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Chapter 2
Supportive and Palliative Care 
for Genitourinary Malignancies
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5-HT3RA 5-hydroxytryptamine, or serotonin, receptor antagonist
AC Anthracycline and cyclophosphamide)
ACE Angiotensin-converting enzyme
ADT Androgen-deprivation therapy
ARB Angiotensin receptor blocker
ASCO American Society of Clinical Oncology
ASTRO American Society for Radiation Oncology
AUA American Urological Association
BPH Benign prostate hyperplasia
CAPO Canadian Association of Psychosocial Oncology
CTCAE Common Terminology Criteria for Adverse Events
ESMO European Society for Clinical Oncology
HoLEP Holmium laser enucleation of the prostate
IMRT Intensity-modulated radiotherapy
JNC Joint National Committee
MASCC Multinational Association for Supportive Care in Cancer
mTOR Mammalian target of rapamycin
MUGA Multiple-gated acquisition
NCCN National Comprehensive Cancer Network
NK1RA Neurokinin-1 receptor antagonist
NSAID Nonsteroidal anti-inflammatory drug
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OIBD Opioid-induced bowel dysfunction
ORT Opioid Risk Tool
PDE5i Phosphodiesterase type 5 inhibitor
PPE Palmar-plantar erythrodysesthesia
PRN Pro re nata, Latin for as needed
PSA Prostate-specific antigen
RANKL Receptor activator of nuclear factor-κB ligand
RCC Renal cell carcinoma
SNRI Selective norepinephrine reuptake inhibitor
SOAPP Screener and Opioid Assessment for Patients with Pain
SSRI Selective serotonin reuptake inhibitor
TURP Transurethral resection of the prostate
VEGFR Vascular endothelial growth factor receptor
VMS Vasomotor symptoms
WHO World Health Organization
WOCN Wound, ostomy, and continence nurse

Despite improving cancer interventions and therapies, the experience of living with 
and receiving treatment for genitourinary cancers still carries significant morbidity 
for many patients. Substantial progress has been made toward optimizing cancer 
therapies from the perspective of patient-centered outcomes and quality of life; 
however, there is no cancer treatment or intervention that can boast total freedom 
from adverse side effects or outcomes. While every patient’s experience is unique 
and our ability to predict morbidity on an individual level remains limited, the natu-
ral history of prostate, kidney, and bladder cancer, as well as their treatments, cre-
ates common themes regarding the supportive care needs for these malignancies 
and patient populations. These themes are readily apparent to clinicians treating 
these malignancies, even more so because medical providers in this position typi-
cally serve as the primary, and in some cases the only, point of contact for patients 
and caregivers in the setting of cancer- or treatment-related side effects. Increasing 
use of multimodal treatment for genitourinary malignancies can blur the line 
between those symptoms or issues that “belong” to medical, radiation, or urologic 
oncologists, palliative care, primary care, or other disciplines. Furthermore, in some 
cases the choice of clinician who is contacted to address a given symptom may be 
subject to regional, institutional or practice-related, clinician, or even patient prefer-
ence. Thus, a comprehensive knowledge of supportive care needs and management 
strategies organized around disease type, rather than categorization “medical” or 
“surgical” issues, is essential to ensure that patients’ needs are addressed. Therefore, 
some topics follow in disease-based groupings where applicable, rather than in any 
other configuration that would indicate a given specialty as the responsible party. 
Beyond these sections will follow sections dedicated to concerns common to all 
patients with genitourinary malignancies considerable overlap between the patient 
communities. Finally, the intersecting nature of supportive care needs in advanced 
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cancer is ideally suited to involvement by specialty palliative care – specialist medi-
cal care provided by a trained multidisciplinary team of physicians, nurses, social 
workers, chaplains, and additional clinicians and directed toward the relief of suf-
fering by patients and caregivers navigating a serious illness. Therefore, a section 
dedicated to palliative care in genitourinary malignancies will bring the chapter to a 
close and synthesize supportive care principles described throughout the preceding 
sections.

 Prostate Cancer: Identity

Significant innovation in interventions and treatments for prostate cancer has led to 
improved disease control and survival for men with all stages of this disease. Just as 
men with localized or locoregionally advanced prostate cancer are experiencing 
improved rates of cure or long-term disease control, many men with metastatic dis-
ease are also living with their cancer for long periods of time. The experience of 
extended living with cancer is a recent phenomenon that remains under-recognized 
and poorly studied, particularly when this consists of living in a manner that is sig-
nificantly and chronically altered. When coupled with the effects of prostatectomy, 
prostate radiation, or androgen-deprivation therapy (ADT), the experience of living 
with cancer or cancer chronic treatment-related effects can modify the fabric of 
daily life as well as self-image. Consequently, the theme of identity underlies some 
of the supportive care needs for men living on and after prostate cancer treatment.

 Vasomotor Symptoms

Androgen-deprivation therapy (ADT) remains the backbone of prostate cancer ther-
apy for many men and has a distinctive side effect profile, including vasomotor 
symptoms (VMS), commonly called “hot flashes” or “hot flushes.” This symptom is 
characterized by the sensation of uncomfortable bodily warmth at ambient tempera-
ture, which may be accompanied by flushing of the skin or sweating. VMS are often 
spontaneous but may be prompted by physical exertion or psychosocial stress and 
can sometimes have a nocturnal pattern, in which circumstances they are commonly 
referred to as “night sweats.” The relationship between VMS and androgens was 
first described by Huggins and Hodges in relation to surgical castration for the man-
agement of prostate cancer [1], and their work remains the backbone of the current 
understanding of physiology. The biological underpinnings of VMS in men on ADT 
are believed to be analogous to hot flashes experienced by menopausal or lactating 
women and can be summarized as the development of disinhibition of thermoregu-
latory nucleus, and therefore disinhibition of hypothalamic catecholamine signal-
ing, that is brought about by falling levels of sex hormones [2, 3, 4]. Endogenous 
opioids, β-endorphins, also appear to play a role in hypothalamic catecholamine 
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synthesis [5], although the interaction between peripheral levels of sex hormones, 
β-endorphins, and hypothalamic catecholamines is incompletely understood 
(Fig. 2.1). While up to 80% of men experience hot flashes [6], there is significant 
variability in the frequency and interference of VMS from ADT, with nearly one-
third experiencing debilitating VMS [6, 7]. Evaluation of predictive factors has indi-
cated that younger age, some genetic polymorphisms relating to neurotransmitters, 
vasoconstriction, and circadian rhythm may be associated with increased patient 
bother from hot flashes [8]; however, reports of patient weight relative to hot flash 
severity or interference are in conflict [8, 9]. Short of discontinuing ADT, there are 
no universally effective interventions for all men experiencing this symptom; how-
ever, nonpharmacologic and pharmacologic interventions have been explored and 
may provide relief for some men.

Nonpharmacologic interventions have been investigated, with acupuncture as the 
most well studied. Generally, published data indicates that acupuncture may confer 
an approximate 50–60% reduction in hot flashes [10–13]; however, these data are 
derived from small, single-arm trials and should be interpreted with caution. The 
issue of appropriate control in acupuncture trials is of particular relevance owing to 
the challenges of blinding and the uncertainty about the validity of employing sham 
procedures as controls [14]. Therefore, the generalizability of these data remains 
uncertain. To that end, a systematic review regarding acupuncture for VMS in pros-
tate cancer failed to confirm clear evidence of benefit [15]. Other nonpharmacologic 
interventions for VMS lack data in patients with prostate cancer but include yoga 
[16] and hypnosis [17–20]. Investigation of yoga is limited to pilot data, and both 
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interventions are currently described exclusively in women, and therefore further 
study is warranted before routinely integrating these into clinical practice. In con-
ducting future trials regarding nonpharmacologic interventions for VMS, even if 
benefit is confirmed, the uptake may be hindered by inconsistent or unpredictable 
insurance coverage for these nonpharmacologic treatments [21].

Regarding pharmacologic therapies, both hormonal and nonhormonal therapies 
have been investigated. Among hormonal therapies, progestin treatments have the 
broadest foundation of data in prostate cancer. Approaches may include oral meges-
trol acetate [22], intramuscular administration of medroxyprogesterone acetate [23, 
24], and transdermal progesterone creams [25], although there are no published, 
prospective, randomized data pertaining to topical progesterone interventions for 
ADT-related hot flashes. Progestin therapy is associated with a 70–90% reduction in 
hot flashes [22, 24], but is associated with an increased incidence of venous throm-
boembolic events [26], a risk that is already elevated in the setting of active malig-
nancy and represents a leading cause of death among patients with cancer [27]. In 
addition to thrombotic risk, another disadvantage of progestational agents is the 
established side effect of weight gain [26]; given the risk of weight gain and meta-
bolic syndrome associated with ADT [28], this is undesirable for most men. An 
alternative hormonal therapy is cyproterone acetate, a steroidal antiandrogen with 
progestational properties with similar efficacy to pure progestins [29, 30]. However, 
this agent is not preferred owing to its risk of hepatotoxicity [29]. Estrogens repre-
sent another class of hormonal interventions for ADT-induced VMS and include 
diethylstilbestrol [31–33] and transdermal estradiol [33]. Both of these therapies 
have been investigated for the management of VMS associated with ADT and have 
similar efficacy to progestational agents [31, 32]. However, estrogens have the dis-
advantage of higher rates of associated gynecomastia, gynecodynia, and even galac-
torrhea [31–33] and therefore are a less favorable pharmacologic class of agent. 
Consequently, among hormonal interventions for ADT-induced VMS, progesta-
tional agents have a more favorable side effect profile and should be considered the 
preferred hormonal agent.

Nonhormonal pharmacologic options span several classes, including anticonvul-
sants, antidepressants, and adrenergic blockade. Generally speaking, these classes 
display more variable efficacy in management of ADT-associated VMS. Among 
anticonvulsants, gabapentin has been evaluated at doses of 300, 600, or 900 mg per 
day in divided doses, and while hot flash severity was not found to be significantly 
improved compared to placebo, men in the highest-dosing group did report improve-
ments in distress and quality of life as they relate to VMS, as well as satisfaction 
with VMS control [34]. Pregabalin has not been studied in the context of ADT- 
associated hot flashes, but among women on endocrine therapies for breast cancer, 
pregabalin reduces hot flash frequency by approximately 50–60% [35]. Both selec-
tive serotonin reuptake inhibitors (SSRIs) and serotonin-norepinephrine reuptake 
inhibitors (SNRIs) have also been studied as interventions for VMS.  SSRIs that 
have been evaluated include paroxetine [36–39], citalopram [40–42], sertraline 
[43], and fluoxetine [42, 44], although data specific to men with ADT-related VMS 
is limited to pilot studies. However, among larger studies involving SSRIs for 
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menopausal hot flashes or those associated with endocrine therapy for breast cancer, 
most appear to reduce hot flash frequency by 50–60%, although some data suggests 
that paroxetine may have a lower degree of benefit [36–39, 41–44]. Of note is that 
some SSRIs inhibit cytochrome P450 pathway (specifically CYP2D6) and may 
pose the risk of interactions with some oral cancer therapies for prostate cancer, 
such as abiraterone or enzalutamide [45]. SNRIs including venlafaxine and desven-
lafaxine have also been evaluated for the management of VMS, including among 
men receiving ADT. Similarly to outcomes with SSRIs, venlafaxine [24, 46–49] 
and desvenlafaxine [50] are associated with a 50–60% reduction in hot flash fre-
quency and are both safe and generally well tolerated. Finally, clonidine, an alpha 
adrenergic agonist, has also been evaluated for this purpose, albeit with most data 
again focused on menopausal hot flashes or those associated with breast cancer 
endocrine therapies [51–55]. However, despite achieving moderate benefit to hot 
flash frequency in women, randomized data has failed to show benefit among men 
[51] and is therefore not recommended to manage VMS in men.

Although clonidine is not recommended, anticonvulsants and antidepressants are 
therapies that should be considered when considering pharmacologic interventions 
for ADT-associated VMS. These therapies do have a lower degree of benefit than 
hormonal agents [24], but avoid elevating the risk of thromboembolic disease that 
accompanies hormonal interventions [26]. Venlafaxine and gabapentin have the 
highest level of evidence to support their use; however, another SSRI, SNRI, or 
anticonvulsant could be considered based on the need for pharmacologic interven-
tion for other conditions (e.g., mood disorder, neuropathy). Furthermore, while 
these nonhormonal agents have well-described side effects, most notably xerosto-
mia, nausea or appetite changes, or insomnia [56], the choice of agent can also be 
tailored in order to avoid overlapping toxicity. Finally, nonpharmacologic strategies 
such as acupuncture require further study before they can be widely recommended 
for ADT-associated VMS; however, they are unlikely to pose significant risk other 
than “financial toxicity” if not reimbursed by insurance.

 Sexual Health and Intimacy

While occurring at a frequency similar to that of bothersome VMS for men with 
prostate cancer, changes to erectile function and libido represent some of the most 
disturbing side effects to patients facing prostate cancer and treatment. Both local 
and systemic therapies may impact erectile function, whereas ADT and other sys-
temic therapies have additional impacts on libido in addition to erectile function. 
The impacts of local therapies on erectile function have improved with time, 
whereas systemic therapies have maintained near-universal impacts on libido and 
erectile function with prolonged exposure [57]. Prior to nerve-sparing approaches to 
prostatectomy, erectile dysfunction was a nearly unavoidable consequence of local 
therapy for prostate cancer. However, following the discovery of the cavernous 
nerves and evolution in the medical understanding of their role in erectile function 
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[58], modern surgical techniques afford many men the opportunity to pursue aggres-
sive cancer treatment while maintaining potency. Furthermore, data have increas-
ingly demonstrated the important temporal relationship between prostatectomy and 
erectile function, both in the natural history of delayed postoperative return of erec-
tile function and in the age-related risk of permanent erectile dysfunction. Among 
men who undergo bilateral nerve-sparing radical prostatectomy, several prospective 
observational studies have demonstrated that potency rates are lowest in the imme-
diate postoperative period and then steadily improve over a period of 18 months, 
ranging from 30–38% at 3 months to 59–86% at 18 months [59]. Patient age at the 
time of prostatectomy is an important factor in the risk of postoperative erectile 
dysfunction, with older men experiencing the lowest rate of erections sufficient for 
penetrative sexual intercourse and also the highest rate of permanent erectile dys-
function [60]. In addition to the risks of erectile dysfunction associated with prosta-
tectomy, both external beam radiation and brachytherapy also carry the risk of this 
toxicity. Radiotherapy approaches for localized prostate cancer have also been 
transformed by data demonstrating that intensity-modulated radiotherapy (IMRT) 
techniques and fields that spare corporal tissues offer a meaningful improvement in 
the risk of post-treatment erectile dysfunction [61] analogous to what is afforded by 
nerve-sparing approaches to radical prostatectomy. In the modern treatment land-
scape, data from the Prostate Cancer Outcomes Study have indicated that 55–70% 
of men with adequate erectile function prior to radiation maintain erectile function 
following definitive radiotherapy [62]. Factors that predict for greater risk of erec-
tile dysfunction following radiotherapy include higher pre-treatment PSA values, 
concurrent ADT, and pre-treatment erectile dysfunction [63]. Brachytherapy is 
associated with some variability in post-treatment erectile function outcomes, rang-
ing from potency rates of 51–76% [64, 65]. As is the case with post-prostatectomy 
sexual outcomes, potency rates worsen with advancing patient age and pre- treatment 
sexual function and also appear to worsen with obese BMI [63].

For men who do experience erectile dysfunction following treatment for local-
ized prostate cancer, both pharmacologic (oral, intraurethral, and intracavernosal 
agents) and nonpharmacologic interventions (vacuum-assisted devices, pelvic floor 
rehabilitation) can be considered as part of a program of penile rehabilitation [66, 
67]. Meta-analytic data indicates that daily high-dose PDE5i therapy and pelvic 
floor rehabilitation are associated with significantly higher rates of recovery of erec-
tile function following radical prostatectomy, whereas on-demand PDE5i dosing 
does not result in statistically better outcomes than placebo [66]. Following radio-
therapy, both daily and PRN PDE5i administration is associated with significant 
improvement in potency, although the relative merit of daily versus on-demand 
PDE5i administration is unclear. Penile rehabilitation has primarily been studied in 
the setting of local treatment for prostate cancer, whereas the role of these strategies 
for men receiving ongoing ADT is less well known. Some data suggest that as many 
as 19% of men on ADT may maintain erectile function while on ADT [68], so for 
men with preserved erectile function, the aforementioned components of a penile 
rehabilitation program may also provide meaningful benefit to erectile function 
while on ADT.  However, for men without erectile function while on ADT, 
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particularly those with metastatic disease for whom a natural ADT endpoint is not 
recommended, it is essential for patients and their partners to assess goals for sexual 
activity. A high proportion of men receiving ADT for prostate cancer report a loss 
of sexual desire, ranging from 58 to 73% depending on the type of ADT [69], and 
therefore not all men receiving ADT or their partners wish to pursue sexual activity 
in this setting. The changed nature of sexual activity during ADT requires a higher 
degree of motivation [70], but for those highly motivated to maintain penetrative 
sexual intercourse, whether vaginal or anal, surgical implantation of a penile pros-
thesis may be considered [71].

Sexual activity, libido, and intimacy are interrelated, yet distinct, topics that 
should all be addressed in the care of men with sexual dysfunction related to pros-
tate cancer and/or treatment. Data suggest that patients and intimate partners con-
tinue to experience notable unmet needs regarding sexuality or intimacy following 
prostate cancer treatment [72–74], and a number of dyadic interventions have been 
evaluated to improve relational intimacy. A variety of psychosocial interventions 
have been evaluated to improve communication and intimacy among dyads in which 
one partner has undergone or is undergoing treatment for prostate cancer. 
Interventions differ significantly in the content and aim, and results are mixed [75, 
76]. Despite this lack of clear guidance from the literature, dyads affected by pros-
tate cancer are recommended to maintain intimate physical contact with romantic 
partners (e.g., holding hands, spooning) and maintain open communication in order 
to promote relationship satisfaction.

 Kidney Cancer: Variability

Among the more common GU malignancies, the management of advanced renal 
cell carcinoma has long been marked by a broad spectrum of clinical outcomes. 
Dating back to the cytokine era and continuing into the era of combination therapies 
with immune checkpoint inhibitors, disparate disease control and survival outcomes 
have been noted; a growing minority of patients experience complete responses and 
prolonged disease- and treatment-free survival, whereas the majority of patients do 
experience life expectancy limited by their kidney cancer [77]. This prognostic 
ambiguity for patients with advanced kidney cancer is a prominent facet of the 
patient and clinician experience and leaves its mark on the patient, caregiver, and 
clinician experience. In addition to prognostic uncertainty, medical decision- making 
for advanced renal cell carcinoma is more complex than over the preceding several 
decades due to the evolving role of cytoreductive nephrectomy. Until the availabil-
ity of data from the CARMENA [78] and SURTIME [79] trials, cytoreductive 
nephrectomy was a mainstay treatment for all possible surgical candidates. However, 
the determination from these trials that up-front pharmacologic therapy may repre-
sent a non-inferior approach to up-front nephrectomy for many patients with renal 
cell carcinoma has led these medical decision-making discussions to include if not 
uncertainty, then significant nuance. The role of cytoreductive nephrectomy will 
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likely continue to involve, but it is clear that the complexity of these medical deci-
sions is here to stay. Due to these and other factors, the influence of variability 
represents a common thread among many of the supportive care needs specific to 
this population.

 Unique Treatment Toxicity and Adherence

Renal cell carcinoma (RCC) has exemplified the success of targeted therapies in 
oncology, and while some tyrosine kinase inhibitors currently in use for the treat-
ment of RCC have multi-kinase inhibition, the majority of targeted systemic thera-
pies in use for the management of advanced RCC are those heavily featuring 
vascular endothelial growth factor receptor (VEGFR) inhibition [80]. These thera-
pies, as well as mammalian target of rapamycin (mTOR), have a side effect profile 
distinct from cytotoxic chemotherapy agents, with on-target effects including 
hypertension, hand-foot syndrome (HFS), diarrhea, and stomatitis, among others 
[81]. These toxicities require directed and active management for the duration of 
time that patients take these therapies [82], but unfortunately patients consistently 
under-report toxicity while taking oral cancer agents, which can hinder efforts to 
effectively assess and manage these very side effects and toxicities [83]. While dose 
reductions and/or interruptions are considered acceptable and believed to ultimately 
facilitate longer-term administration of anti-cancer therapy, maintaining maximum 
tolerable dose density and intensity remains a priority, particularly given that a 
higher area under the curve (AUC) for some VEGFR TKIs is associated with supe-
rior overall survival [84]. Proactive management of common toxicities from tar-
geted cancer therapies for RCC is possible with aggressive monitoring, 
implementation of prevention strategies when possible, and employing data-driven 
mitigation protocols.

The unique toxicity profile of VEGFR TKIs includes specific but multisystem 
on-target adverse effects, including dermatologic, endocrine, gastrointestinal, and 
cardiovascular effects. Hand-foot skin reaction or hand-foot syndrome (HFS) is a 
symptom associated with a number of oral cancer therapies, including all approved 
oral therapies for metastatic renal cell carcinoma [81], and is characterized by 
erythematous and/or hyperkeratotic plaques with a peripheral ring of edema on the 
palms and soles or other areas of significant friction while on VEGFR TKI therapy 
[85]. HFS associated with VEGFR TKI treatment, and to a lesser extent mTOR 
inhibitor therapy, is distinct from the hand- foot skin reaction that occurs in the 
context of cytotoxic chemotherapy, which typically results in macular erythema 
across the entire surface of the palms and soles, often with desquamation [86]. 
While not life-threatening, HFS is painful, can depress functional status, leads to 
dose reductions or discontinuations, creates the opportunity for superinfections, 
and detract from QOL [87]. Thorough pre- treatment counseling is imperative, with 
recommendations including prevention of significant friction, pressure, extensive 
heat exposure to the hands and feet, referral to podiatry for management of 
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significant preexisting calluses, and twice-daily use of emollients that contain 10% 
urea. In the setting of the National Cancer Institute CTCAE grade 2 HFS, ultrapo-
tent optical corticosteroids such as clobetasol 0.05% can be applied twice daily. 
Topical lidocaine can also be applied PRN for pain management with or without 
other oral analgesics, but if patients experience HFS refractory to the above mea-
sures, regardless of whether the severity is “intolerable grade 2” or greater, the 
recommendation should be to hold the agent until resolution to grade 1 or 0 and 
then resume at a reduced dose [85]. In addition to HFS, diffuse keratosis pilaris-
like eruptions have been reported with some TKIs, characterized as widespread 
tiny or pinpoint hyperkeratotic papules [88]. This does not typically require treat-
ment and resolves in conjunction with treatment discontinuation, but if patients are 
highly motivated to treat this, recommendations should include emollients with or 
without “keratolytics” such as urea or salicylic acid, as well as avoidance of hot 
baths and showers, which can exacerbate dry skin [89]. Finally, emergent non- 
melanoma skin cancers have been reported in conjunction with VEGFR TKIs, so 
clinicians are advised to have a low threshold for referral to dermatology for evalu-
ation and management of skin eruptions or abnormalities.

Endocrine and gastrointestinal toxicities have been reported to variable degrees 
with all VEGFR TKIs used for advanced RCC.  The most frequently described 
endocrine toxicities from VEGFR TKIs are thyroid dysfunction, typically hypothy-
roidism, and hypoglycemia. Hypothyroidism has been described with sunitinib, 
pazopanib, axitinib, and others, although the mechanism whereby these agents lead 
to hypothyroidism remains unknown [90]. Thyroiditis-induced thyrotoxicosis has 
also been described with sunitinib [91] and sorafenib [91], with eventual develop-
ment of hypothyroidism. Given the high prevalence of thyroid dysfunction, clini-
cians are advised to monitor thyroid function at baseline and regular intervals 
thereafter; specific guidelines do not exist regarding this toxicity monitoring, but 
every 12-week intervals are generally considered acceptable, although this can and 
should be performed earlier in the case of symptoms suggestive of thyroid dysfunc-
tion. Hypoglycemia has been reported with multiple VEGFR TKIs, including sev-
eral approved for treatment of advanced RCC [92]. Hypoglycemia may be most 
pronounced among patients with a diagnosis of diabetes, so in addition to routine 
monitoring of blood glucose levels for all patients receiving treatment with VEGFR 
TKIs, clinicians may consider a modest reduction in doses of medications used for 
treatment of diabetes [92].

Gastrointestinal and cardiovascular toxicities of VEGFR TKIs are common 
among patients with advanced RCC. Diarrhea is especially common and may be 
dose-limiting if not managed aggressively. Anti-diarrheal agents such as loper-
amide and diphenoxylate/atropine typically provide adequate relief, and pre-treat-
ment counseling should include recommendations for patients to begin 
administering antidiarrheal agents at the first sign of loose stools [93]. Furthermore, 
patients should be advised to eat a bland diet when experiencing loose stools so as 
to avoid foods that may exacerbate this symptom. Regarding cardiovascular 
adverse events, hypertension is the most common, but other effects such as 
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myocardial infarction and left ventricular dysfunction have also been reported 
[94]. Hypertension may develop as early as 1 week into a treatment course with 
VEGFR TKIs, and meta- analytic data indicates that the incidence of hypertension 
is approximately 23%, with a 4% incidence of high-grade hypertensive events [95], 
although incidence of up to 68% has been reported with some agents [96]. 
Oncologists should regularly screen for hypertension and manage aggressively in 
accordance with updated Joint National Committee guidelines [97]. ACE inhibi-
tors and ARBs have a theoretical advantage in the management of hypertension 
due to VEGFR TKIs [98], so given the prominent role that these agents play in the 
JNC guidelines, ACE inhibitors and ARBs are a reasonable first-line agent for 
VEGFR TKI-induced hypertension. In addition to hypertension, myocardial infarc-
tion and heart failure have been identified as additional cardiovascular risks associ-
ated with VEGFR TKIs. Meta-analytic data has confirmed this association [95], 
although data is limited regarding the value of screening. However, it is generally 
accepted that patients with underlying cardiovascular disease or anthracycline 
exposure are appropriate for baseline and intermittent screening with echocardiog-
raphy or MUGA scan.

 Adherence and Persistence with Oral Agents

In addition to promoting a good quality of life and dignity for patients with advanced 
RCC, maintaining acceptable control of treatment-related side effects from TKIs is 
an essential component of promoting adherence, especially in light of data indicat-
ing that patient-reported bother from cancer treatment has emerged as a significant 
predictive factor of treatment discontinuation [99]. However, adherence, generally 
considered to mean patient self-administration to prescribed medications in the 
manner they were prescribed, is a multidimensional construct that is impacted by 
factors other than treatment tolerability. In addition to treatment tolerability, physi-
cal, emotional, and psychosocial factors all contribute incrementally for many 
patients, although these factors are weighted differently on an individual patient 
level. Similarly, persistence, loosely defined as consistency between the duration for 
which an agent is prescribed and the length of time that the patient takes it, is felt to 
reflect similar barriers and facilitators to adherence with regard to oral cancer ther-
apy. With approximately 25% of anti-cancer therapy administered via the oral route 
[100], the proportion of oral cancer treatments for all disease is likely to increase 
with time, and these issues will become increasingly crucial for the practice of 
oncology, including across GU malignancies. Systematic review data indicates that 
predictors of poor adherence and persistence include adverse effects from treat-
ment; mental health conditions, including and especially depression; inconsistent 
patient follow-up for scheduled visits; and compromised patient-provider relation-
ships or mistrust or lack of belief in the prescribed treatment [101]. However, all of 
these barriers are themselves multifactorial, and social determinants play a 
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prominent role in each. Clinicians can support patient adherence and persistence 
with oral cancer treatment by investing time in simplifying treatment schedules; 
encouraging patients to set reminders or use a pill box, as well as devoting time to 
thoroughly educate patients regarding the nature of their cancer and the risks and 
benefits of therapy; and assisting patients in obtaining treatment at an affordable 
cost [101]. Clinical pharmacists and social workers can also assist in screening for 
barriers to adherence and persistence and provide reinforcement for education pro-
vided to patients by clinicians.

 Decisional Conflict Regarding Cytoreductive Nephrectomy

In addition to unique treatment toxicities, the patients with advanced RCC face a 
unique and daunting medical decision-making process regarding cytoreductive 
nephrectomy. Specifically, the CARMENA trial presented at the 2018 American 
Society of Clinical Oncology Annual Meeting has been practice-changing in the 
broader approach to cytoreductive nephrectomy for advanced RCC, an interven-
tion that was previously a central tenant of RCC treatment [78]. This, as well as 
the SURTIME trial [79], demonstrated the non-inferiority of a surgery-sparing 
approach for patients receiving sunitinib for advanced renal cell carcinoma [78]. 
While practice- changing, the appropriate application of trial results to clinical 
practice has been fraught owing to the rapidly changing paradigm of first-line 
systemic therapy for advanced RCC. Specifically, guideline-concordant first line 
systemic therapy for RCC currently includes at least one immune checkpoint 
inhibitor agent, whereas TKI therapy was the standard of care, and therefore the 
control arm, at the time of the CARMENA and SURTIME trials. Therefore, the 
data and outcomes from the CARMENA and SURTIME trials cannot necessarily 
be extrapolated universally to patients diagnosed with advanced RCC in the cur-
rent era. The challenges of this decision-making process ultimately rest with the 
treating clinicians, but surgical decision-making in other oncology patient popu-
lations indicates that decisional conflict is common [102]. Given the high stakes 
of the cytoreductive nephrectomy decision, support and reassurance should be 
offered to patients with advanced renal cell carcinoma facing decisions regarding 
cytoreductive nephrectomy, and whenever possible a treatment recommendation 
should be made by the treating clinicians rather than deferring to patients, who 
are unlikely to feel equipped to make this decision. Clinicians are strongly recom-
mended to use a “best case/worst case scenario” communication and decision-
making framework, adapted from Dr. Schwarze et  al. [103] (Fig.  2.2). This 
framework begins with clinicians providing concrete descriptions of the best, 
worst, and most likely clinical outcomes from the two treatment paths under con-
sideration, in this case up-front cytoreductive nephrectomy versus up-front sys-
temic therapy, and graphical depiction drawn during the encounter and provided 
to the patient [103]. This communication approach shifts the focus from technical 
aspects of the proposed operation to a broader discussion regarding alternatives 
and outcomes and is feasible even in the urgent or inpatient setting [104].
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 Prognostic Uncertainty

The rapid innovation and evolution in treatment paradigms for advanced RCC has 
obscured not only surgical decision-making but also prognostication. Prognostic 
uncertainty is a common issue in the case of medical conditions for which there is a 
significant population of outliers. This is not wholly unique to renal cell carcinoma, 

Comorbidities
• KPS of 70
• CAD s/p PCI 12 years 

prior
• Intermittent claudication
• Anemia due to hematuria

Goals/Values:
• Maximize longevity
• Improve flank pain and 

blood in the urine
• “Get the kidney tumor 

out” if possible.

Cytoreductive
nephrectomy 

Up-front systemic
treatment  

Most likely scenario
“You start with medical cancer 
treatment and it initially controls 
your cancer and reduces the need 
for pain medication, but pain 
doesn’t go away entirely. Flank 
pain and bleeding in the urine wax 
and wane over time depending on 
the state of the cancer. You have 
fatigue from anemia and treatment 
but can tolerate full or minimally 
reduced doses of treatment.”

Most likely scenario
“You have your nephrectomy with 
improved flank pain and bleeding 
in the urine afterwards, but the 
recovery is challenging. You aren’t 
able to tolerate full doses of cancer 
treatment because you were more 
‘beat up’ when you were starting it,  
but you are still able to tolerate 
some medical cancer treatment and 
get some benefit.”

Best case
“You get through your
nephrectomy and have no 
surgical complications. Flank 
pain and bleeding in the urine 
are better after your surgery. 
You’re ready to start medical
cancer treatment in about 6-8 
weeks and are still strong enough
after the surgery to start medical
treatment at full doses.”

Worst case
“You have nephrectomy it’s a 
harder surgery than expected. You 
have several weeks of post-
operative pain. You become weaker 
after surgery and ‘lose your 
window’ for medical treatment of 
your cancer. You live multiple 
months but not the years that may 
have been possible if you had 
gotten medical treatment.

Worst case
You continue to have flank pain 
and bleeding in the urine despite 
medical cancer treatment but it’s 
not safe to stop medical treatment 
to have surgery. You need pain 
medication and it plus blood loss 
anemia cause tiredness and make 
your medical cancer treatment 
challenging. 

Best case
“You start with combination 
medication cancer treatment for the 
kidney cancer and have an 
excellent response of your 
metastatic disease, so you have 
your kidney removed after a few 
months and then resume your 
medical treatment with a brief 
enough disruption to your 
treatment that the cancer stays 
stable.”

Fig. 2.2 Adaptation of “best case/worst case scenario” communication framework for discussions 
regarding cytoreductive nephrectomy in advanced renal cell carcinoma
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but has been a longstanding issue in this population since the uptake of high-dose 
interleukin-2 and its modest rate of deep and durable responses in advanced RCC 
[105]. The task of cultivating prognostic awareness is a constant dilemma for oncol-
ogy clinicians, and the difficulty and imprecision of this are exacerbated in settings 
such as RCC, as a minority of patients may achieve a complete radiographic 
response and long-term disease control (perhaps even treatment-free survival), 
whereas the majority of patients with advanced RCC have a life expectancy limited 
by their metastatic cancer. Availability bias is particularly relevant in advanced RCC 
as clinicians have extended and regular contact with patients who have experienced 
exceptional responses, and this can lead oncologists to experience additional cogni-
tive dissonance with estimating survival outcomes, conveying them to patients, and 
integrating this into decision-making. Patient prognostic awareness may be impacted 
further in the era of social media, as data indicates that social media posts regarding 
cancer are disproportionately positive for patients both during and post-treatment, 
particularly in patients who self-identify as “survivors” [106]. Given these chal-
lenges, it should come as no surprise that some patients with advanced GU malig-
nancies have poor prognostic awareness and incorrectly believe that 
non-curative-intent immune checkpoint inhibitor therapy is being undertaken with 
the intent of cure [107]. While there is no communication framework validated in 
the setting of immune checkpoint inhibitor therapy for advanced renal cell carci-
noma, clinicians are encouraged to disclose the nature of this uncertainty and pro-
vide frequent feedback to patients as their clinical course evolves [108]. Finally, 
palliative care referral early in the course of metastatic cancer is associated with 
superior patient prognostic awareness and is appropriate for any patient with 
advanced cancer, including RCC [109].

 Bladder Cancer: Vulnerability

Patients living with bladder cancer are often considered the more medically vulner-
able subpopulation among the common GU malignancies, due to age, common 
comorbid conditions, and the standard use of radical cystectomy, a morbid surgery 
for many patients [110]. Due to these factors as well as the biology and natural his-
tory of urothelial carcinoma, outcomes have lagged behind those of other GU 
malignancies, both in the setting of localized and advanced disease. While novel 
systemic therapies and combinations are paving the way for improving clinical out-
comes, the real-world experience of living with or treating bladder cancer continues 
to be impacted by patient comorbidity and functional impairments that influence the 
clinical trajectory in addition to the burdens associated with the disease itself. 
Furthermore, the life-changing experience of radical cystectomy results in notable 
alterations to body image in addition to physiology, creating the opportunity for 
literal and figurative exposure. Therefore, vulnerability is an important determinant 
of supportive care needs for bladder cancer patient population.
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 Dilemmas in Choice of Urinary Diversion

Since the adoption of radical cystectomy for the management of refractory non- 
muscle invasive bladder cancer and muscle-invasive bladder cancer, the question of 
the superior diversion technique has loomed large in the field of urology and the 
minds of urologists. This question has been repeatedly investigated in the broader 
population of patients undergoing radical cystectomy as well as distinct subpopula-
tions, yet conflicting results indicate that this question remains unanswered. Indeed, 
the most appropriate metrics to define success, value, or overarching superiority in 
this setting remain uncertain. Survival [111], complication rates [112, 113], and 
health-related quality of life [114–116] have all been evaluated, with significant 
conflict in most domains, even in meta-analyses. Broadly, urinary and sexual symp-
toms may be more conspicuous in patients with orthotopic neobladder [117], yet 
this method may still be associated with superior quality of life [118]. However, it 
is essential to contextualize these findings with the data suggesting that the innate 
selection bias among patients offered orthotopic neobladder diversion versus ileal 
conduit diversion may explain a large degree of these differences in clinical and 
quality-of-life outcomes [119, 120]. Patients who undergo ileal conduit reconstruc-
tion have greater comorbidity, older age, and more advanced disease; thus, out-
comes in morbidity, mortality, and QOL will inherently be different when patient 
cohorts diverge in these key criteria [119, 120]. Diversion choice may simply not be 
the primary factor in post-cystectomy quality of life, but in order to support patients 
in decision-making, it is appropriate for urologists to disclose that orthotopic neo-
bladder urinary diversion may be marginally favorable among younger and/or more 
robust patients [121], although urinary incontinence and sexual dysfunction may be 
more prominent among this same cohort [117].

 Ostomy Care and Management

Patients who undergo ileal conduit diversion are confronted with new anatomical 
and functional constraints, and it should be no surprise that the experience of living 
with an ostomy would create a unique profile of supportive care needs. Data indi-
cate that patients and caregivers are often underprepared for ostomy self- management 
responsibilities [122], and this compounds the emotional challenges that patients 
face when they first encounter their ostomy postoperatively [123, 124]. Ostomy 
educational or training programs are generally associated with positive trends in 
self-care, patient empowerment, and quality of life [125, 126], and most clinicians 
deliver this education post-operatively [123]. However, patients and caregivers are 
often too overwhelmed by the medical circumstances to effectively retain a uros-
tomy educational curriculum when delivered at this time point [127, 128], which 
undermines the value of the educational intervention. Caregivers play a key role in 
ostomy care for many patients who undergo radical cystectomy, and their 
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involvement in urostomy training and education provides patients with meaningful 
support [127, 129]. Consequently, clinicians are advised to implement a standard-
ized, preoperative urostomy educational program for patients planned for radical 
cystectomy and ileal conduit reconstruction and family caregivers. In addition to 
providing an introductory curriculum, ostomy care needs and self- management can 
be supported by care from an experienced wound, ostomy, and continence nurse 
(WOCN®), regardless of whether this is integrated into an oncology or urology 
clinic. The WOCN® society has interactive clinician- and patient-facing educational 
modules regarding peristomal skin care at no charge to users, and a number of non-
profit and patient advocacy organizations provide patient- facing materials regarding 
urostomy function and management. Finally, several ostomy supply companies can 
provide patients with an ostomy “starter kit” containing a variety of pouching and 
skin care products, and patients report positive associations with being provided an 
initial bundle of pouching products [127].

 Neobladder Care and Management

Even though it is not medically appropriate to offer orthotopic neobladder diversion 
to all patients undergoing radical cystectomy, this reconstruction approach remains 
valid and appropriate for many [120]. Following neobladder reconstruction, incon-
tinence is a primary determinant of quality of life and presents challenges to adjust-
ment [129]. However, urinary continence improves gradually over the course of 
6–12  months, with daytime continence preceding nighttime continence [130]. 
Urinary continence does play a prominent role in health-related quality of life, and 
it is of note that older age appears to predict for lower quality of life in this popula-
tion [131]. Given that rates of sexual dysfunction or bother may be higher in this 
population, both this possibility and expectations regarding incontinence are key 
facets of preoperative patient counseling [117]. Pelvic floor physical therapy is cru-
cial to reestablishing continence but has an unclear role in improving symptoms of 
sexual dysfunction in the setting of orthotopic neobladder diversion [132].

 Frailty

Age is widely accepted as a key risk factor for the development of bladder cancer 
[133] as well as a negative predictive factor for functional and cancer outcomes fol-
lowing radical cystectomy [134, 135]. Series describing older adults treated with 
cystectomy have indicated that carefully selected patients may still achieve opera-
tive and cancer outcomes commensurate with their younger peers, implicating fac-
tors other than chronological age contribute to cancer and operative risk in older 
adults [136, 137]. Frailty, a geriatric syndrome characterized as declining functional 
status and physical reserve as well as increased vulnerability to physiologic 
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stressors, has been increasingly recognized as a phenotype associated with negative 
outcomes from cancer in many states and stages [138]. So, too, has frailty been 
demonstrated as a predictor of higher frequency and severity of operative complica-
tions [139, 140], mortality, and cost [141]. Newer, robotic-assisted surgical 
approaches to RC have proven insufficient to address all of the discrepancies in 
complications and outcomes experienced by older adults [142], and while chemora-
diation offers an organ-sparing alternative approach, this is not appropriate or opti-
mal for all patients [143]. Burgeoning data regarding preoperative rehabilitation 
(“prehab”) indicate that this restorative care may be capable of overcoming some 
vulnerabilities associated with frailty [144], although further prospective study is 
necessary to determine the “dose,” frequency, and duration of rehabilitation course 
required for benefit as well as the optimal balance between preoperative restorative 
care and potentially harmful delay of oncologic surgery. However, given the exist-
ing gaps in the understanding of optimal treatment choice and supportive or restor-
ative care for frail adults with bladder cancer, the aforementioned best case scenario/
worst case scenario framework [103] can enhance communication and promote 
goal-oriented medical care. This is highly feasible within typical preoperative work-
flows and high acceptability from clinicians and patients [104].

 Overlapping Supportive Care

 Comprehensive Pain Management

Pain management is arguably the most crucial supportive care task for clinicians to 
master in the management of advanced malignancies, including GU malignancies, 
as this is a common and distressing consequence of advanced malignancy. Valid 
pharmacologic and nonpharmacologic management strategies have potential to 
improve pain control, distress, and global quality of life for patients with neoplasm- 
related pain [145, 146] and often have synergistic effects when layered or com-
bined. The two broadest categories of neural pain mechanisms are nociceptive pain, 
including pain directly attributable to tissue injury, and neuropathic pain, pain in a 
nerve distribution indirectly related to the site of tissue injury or due to nerve injury 
[147] (Table 2.1). A detailed pain history is crucial in order to determine the under-
lying neural mechanism, with the most successful pharmacologic management 
determined by the identified neural mechanism(s). However, even the most com-
plete pain evaluation may not yield a single mechanism, as many patients with sig-
nificant cancer pain experience a combination of both nociceptive and neuropathic 
pain [148].

The World Health Organization (WHO) [149], the American Society of Clinical 
Oncology (ASCO) [150], the National Comprehensive Cancer Network (NCCN) 
[151], and the European Society for Medical Oncology (ESMO) [152] have clini-
cian guidelines for nociceptive cancer pain management, all of which recommend 
assessing pain regularly and initiating pharmacologic treatment based on assessed 
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severity (Fig. 2.3). Over-the-counter agents including acetaminophen (paracetamol) 
and nonsteroidal anti-inflammatory drugs (NSAIDs) are recommended as first line 
for mild pain [149–152] (Table 2.1). If nociceptive pain needs exceed the analgesic 
capacity of acetaminophen or NSAIDs, the recommended approach in management 
is to consider initiation of opioid therapy. Low-potency opioids, most of which are 
limited to combination agents with acetaminophen in the United States, are 

Table 2.1 Comprehensive pain evaluation

Patient pain rating Numerical rating scale (0–10/10)
Visual analog scale
Wong-Baker Faces [278]

Clinician pain 
interview

Location, character, intensity, and temporal pattern
Triggers, aggravating factors, or alleviating factors
Attempted treatments and outcome

Evaluation of 
neural mechanisms

Nociceptive: often aching, throbbing, or pressure-like
   Somatic: location easily identified (e.g., pain due to bone metastasis)
   Visceral: diffuse, cramping, colicky (e.g., pain due to liver capsule 

stretch from hepatic metastases)
Neuropathic
   Radiculopathy: shooting or stabbing pain in a longitudinal or bandlike 

distribution, sometimes accompanied by paresthesias (e.g., due to spinal 
cord or nerve plexus injury)

   Neurotoxic: burning or aching, often accompanied by paresthesias (e.g., 
chemo-induced or diabetic neuropathy)

   Sympathetic (e.g., chronic regional pain syndrome following trauma to 
an extremity)

Mild Pain
1    2    3    NRS

NSAIDs
Acetaminophen

Reassess 
pain regularly

If pain not 
controlled

Mild to Moderate Pain
4    5    6    NRS

Weak opioids
≠

NSAIDs
Acetaminophen

Reassess pain regularly
Use rescue medications

If pain not 
controlled

Moderate to Severe Pain
7    8    9    10    NRS

Strong opioids
≠

NSAIDs
Acetaminophen

Increase the dose 
of opioid if 

“end of dose failure”
unless side effects develop

Reassess the pain and treatment 
(both pharmacological and 

non-pharmacological) 
Consider invasive interventions 

Team decision

Always use rescue 
doses to treat 

breakthrough cancer pain

Switch opioid or route of 
administration

Use an equianalgesic dose 
(if different opioid):

- Oral or t.d. long-acting opioid
- Systemic treatment    

Fig. 2.3 Pharmacologic pain management algorithm. T.d. transdermal. (Adapted from Fallon 
et al. [152])
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recommended as preferred opioid for mild-to-moderate pain. These medications 
should be administered on a PRN basis and frequency commensurate with patients’ 
opioid tolerance, comorbidities, and organ function, generally ranging between 
once every 3–4, but potentially ranging to once every 6–8 hours for patients at high 
risk for opioid toxicity. The choice to escalate to a higher potency opioid and/or add 
a long-acting agent should depend on the extent of benefit derived from low-potency 
therapy and the extent to which pain is intermittent or constant. Intermittent or inci-
dental pain is generally amenable to management with short-acting opioids on a 
PRN basis, whereas constant pain often requires use of a scheduled long-acting 
agent. When starting a long-acting agent, the recommended strategy includes initia-
tion of an agent equivalent to 50% of the total 24-hour opioid use in 1–3 divided 
doses, depending on the pharmacologic properties of the agent.

Opioid prescribing should also include the development of a plan for manage-
ment of common opioid-related toxicities. Opioid-induced constipation, a promi-
nent symptom that is part of the larger syndrome of opioid-induced bowel 
dysfunction (OIBD), affects as many as 94% of patients taking opioids for cancer 
pain, and its severity is often dose-related [153]. Stimulant laxatives such as bisaco-
dyl or sennosides or osmotic agents such as magnesium citrate or lactulose have 
been the historic standard of care for management of opioid-induced constipation, 
although these are still insufficient for some patients [154]. Data regarding the effi-
cacy of individual laxative agents is limited, but prospective, randomized data 
regarding docusate sodium, a commonly used surfactant agent, indicates that this 
agent does not improve stool consistency or frequency compared to sennosides 
alone [155]. Agents with novel mechanisms of action may be considered for refrac-
tory OIBD, including chloride channel activators such as lubiprostone [156] or 
agents targeted to peripheral μ-opioid receptors such as naloxegol [157] or methyln-
altrexone [158]. Lubiprostone, naloxegol, and methylnaltrexone have not been pro-
spectively compared, and therefore factors including route of administration 
(lubiprostone and naloxegol = oral, methylnaltrexone = subcutaneous), formulation 
of agent (lubiprostone = capsule, naloxegol = tablet), or patient preference may be 
used to guide decision-making. Of note is that methadone may inhibit lubiprostone- 
induced chloride secretion [159], thereby undermining its activity, and naloxegol 
and methylnaltrexone have been proposed to carry a small theoretical risk of mild 
central μ-opioid receptor antagonism and precipitating a pain crisis, and therefore 
their use should be avoided if the user’s cancer pain is uncontrolled [154].

In addition to symptomatic side effects, the recent opioid epidemic makes it 
incumbent upon opioid prescribers to universally implement cautious and deliberate 
prescribing practices. Guidelines recommend risk stratification for opioid use disor-
der with a validated tool such as the Opioid Risk Tool (ORT) [160] or Screener and 
Opioid Assessment for Patients with Pain (SOAPP) [161]. Furthermore, opioid pre-
scribers are strongly recommended to routinely query available prescription drug 
monitoring program (PDMP) substance monitoring databases for each patient in 
order to rule out any suspicious opioid-seeking behaviors [162], which have been 
implemented broadly in the United States. The American Society of Addiction 
Medicine recommends querying the available PDMP database at the time of 
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initiation of controlled substances and then quarterly thereafter for low-risk patients 
[163]. However, for high-risk patients based on formal risk stratification with ORT 
or SOAPP, clinicians should consider monthly PDMP queries. Finally, oncology 
clinicians prescribing opioids for management of neoplasm-related pain are recom-
mended to complete opioid prescribing contractual agreements with patients who 
will receive chronic opioid therapy, to create a framework of shared expectations 
with each patient regarding a single opioid prescriber policy [162].

Neuropathic pain, also called neuropathy, is a heterogeneous category of pain 
distinct from nociceptive pain that is best characterized as that which relates to 
direct nerve injury rather than that which relates to an anatomical site of tissue 
injury. A common but not universal facet of cancer pain [164], neuropathic pain 
requires careful identification and attribution, as pharmacologic and interventional 
strategies differ between subtypes of neuropathic pain. Criteria from the Neuropathic 
Pain Special Interest Group of the International Association for the Study of Pain 
can provide a helpful framework for identification of neuropathic pain and consider 
neuropathic pain that (1) follows a plausible neuroanatomical pain distribution and 
(2) has a suggestive history of a causative exposure, lesion, or condition and either 
(3) displays positive (i.e., hyperalgesia) or negative (i.e., paresthesia) sensory 
changes within the innervation territory of the proposed lesion or (4) can be con-
firmed by a diagnostic test (e.g., EMG) [165]. Data supports the use of anticonvul-
sants such as gabapentin, pregabalin, carbamazepine, oxcarbazepine, or 
antidepressants, particularly SNRIs and tricyclic antidepressants [166]. Many clini-
cians prioritize the choice of neuropathic agent based on additional medical or 
symptomatic needs that the agent may address (e.g., concomitant major depressive 
disorder); this approach has face validity and represents an appropriate decision- 
making process, but clinicians may also consider two systematic reviews indicating 
that gabapentin may have superior benefit to other adjuvant therapies for cancer- 
related neuropathic pain [167, 168]. Corticosteroids are an important class of adju-
vant therapy for cancer pain, particularly in the setting of bone pain or visceral pain 
(e.g., pain related to liver capsule stretch due to malignancy) [149, 169]. However, 
meta-analyses have failed to uncover the ideal circumstances or dose of corticoste-
roids for malignant pain, although data do indicate that corticosteroids with the least 
mineralocorticoid activity have lower risk of adverse effects [149, 169].

Data supporting interventional approaches for chronic cancer pain are somewhat 
mixed, and therefore systemic pharmacologic therapy should still remain the stan-
dard of care for most cancer pain. However, specific indications such as celiac 
plexus neurolysis for painful pancreatic masses [170] and kyphoplasty for painful 
malignant compression fractures [171, 172] have been demonstrated to improve 
pain ratings and lower oral analgesic consumption. Just as with interventional 
approaches to malignant pain, nonpharmacologic treatment for cancer pain includes 
a broad range of approaches, spanning integrative therapies to palliative radiation. 
Generally, the data underlying integrative therapies are mixed, with conflicting data 
regarding acupuncture [173–175] and music therapy [176]. However, two meta- 
analyses revealed that massage therapy is associated with a significant reduction in 
pain for patients with cancer, although most studies were nonrandomized or 
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randomized to no massage therapy or conventional care, rather than to enhanced 
usual care [177, 178]. Palliative radiation, however, has a broad evidence base to 
support its use in  local management of painful or obstructive sites of metastatic 
disease, with most data indicating up to an 80% rate of improved pain control and 
up to a 30% rate of complete pain response [179]. Comprehensive fractionation and 
dosing strategies are outside the scope of this chapter, but meta-analytic data sup-
port the use of hypofractionated external beam radiation courses for palliation of 
symptomatic osseous metastatic disease [180], and a single-fraction or significantly 
hypofractionated approach to treating uncomplicated bone metastases is endorsed 
by ASTRO. Stereotactic radiation has a high degree of efficacy and may be consid-
ered for metastasis-directed therapy [181]. Radioisotope therapy with radium-223, 
while not available to all patient populations, is associated with clinically significant 
improvement in cancer-related bone pain and quality of life in men with metastatic, 
castrate-resistant prostate cancer [182]. Other radioisotope therapy (e.g., strontium-
 89, samarium-153) appears to have a modest degree of benefit with respect to anal-
gesia but are associated with a higher degree of cytopenias [183].

 Antiresorptive Therapy for Palliation of Bone Pain

The pharmacologic management principles, safety, and impact on fracture risk of 
antiresorptive therapies are thoroughly addressed in the Bone Health Management 
chapter, but the pain and impacts of bisphosphonates and RANKL inhibitors and 
other bone-targeted therapies feature heavily in supportive care for common GU 
malignancies. Meta-analytic data does indicate a consistent improvement in pain 
associated with bisphosphonates, although no clear evidence that bisphosphonates 
may achieve complete response of pain [149]. Based on pain response alone, there 
is no high-quality data available to guide choice of bisphosphonate in the manage-
ment of bone metastases [149]. Monoclonal RANKL inhibitors such as denosumab 
demonstrate no advantage or disadvantage in pain response when compared to 
bisphosphonates, although differences may exist in skeletal-related events [149, 184].

 Mood Disorders

The emotional and mental health consequences of a cancer diagnosis can have far- 
reaching impacts on quality of life [185, 186], treatment adherence [187, 188], and 
mortality [189]. Depression and anxiety are commonly experienced in the general 
population, with rates of depression approaching 15% [190], and the rate of depres-
sion in the oncology patient population is a staggering 2–3 times higher [191]. 
Similarly, the rate of anxiety disorders is approximately 10% in the broader popula-
tion [192], but approaching twice the prevalence in the oncology patient population 
[193, 194]. In addition to detracting from quality of life [195], depression and 

2 Supportive and Palliative Care for Genitourinary Malignancies



36

anxiety negatively impact adherence to cancer treatment, which may decrease the 
benefit received from treatment and, therefore, survival [187, 195]. Despite the high 
prevalence of mood disorders among patients with cancer, recognizing and diagnos-
ing mood disorders present unique challenges due to the frequency with which 
mood disorders present with physical symptoms in this population [196], which can 
be difficult to differentiate from other common physical symptoms associated with 
cancer and/or treatment [197, 198]. The American Society for Clinical Oncology 
(ASCO) clinical practice guideline Screening, Assessment, and care of Anxiety and 
Depressive Symptoms in Adults with Cancer [199], adapted from the Canadian 
Association of Psychosocial Oncology (CAPO) guideline Screening, Assessment, 
and Management of Psychosocial Distress, Depression, and Anxiety in Adults with 
Cancer [200], recommends universal screening for depression and anxiety multiple 
times throughout the cancer trajectory with validated measures. Specifically, an 
endorsed approach includes administration of the 2-item PHQ-9, with completion 
of questions 3–9 only if the patient answers “yes” to both of the first two questions 
[201]. When completion of the full PHQ-9 reveals moderate symptomatology, 
guidelines recommend pursuing expert consultation with psychiatry or psychology 
for diagnostic assistance, but severe symptomatology should prompt rapid treat-
ment with a validated approach tailored to patient needs as well as available 
resources rather than delaying initiation of treatment to pursue ideal diagnostic 
evaluation [199]. Furthermore, evaluation and treatment for concurrent substance 
abuse are recommended in the setting of a diagnosis of major depression [199]. 
Distress screening is recommended as a process for evaluating symptoms of anxiety 
via the validated distress thermometer, and moderate to severe distress should 
prompt directed assessment and medical care for the identified etiology of distress, 
including anxiety [200]. Patients with identified distress, anxiety, and depression 
should be evaluated for any risk of harm to self and others [199, 200]; clinicians 
should be advised that assessment for suicidality does not increase the risk for self- 
harm and is considered safe, even if done repeatedly [202].

Treatment for mood disorders in patients with cancer is generally recommended 
to follow a risk-adapted approach, with either psychological therapy or pharmaco-
logic therapy offered for patients with moderate depression and anxiety, and phar-
macologic intervention prioritized as first-line treatment for severe mood disorders, 
ideally with concurrent psychological therapy [200]. There is notable variability in 
the prescribing patterns of SSRIs and SNRIs in the care of patients with cancer 
[195], and there is some controversy over the most appropriate specialty or clinician 
to prescribe pharmacologic therapy for severe depression and anxiety in oncology 
patients [191]. Psychopharmacology is growing increasingly complex with the 
expansion of literature exploring pharmacologic treatment of depression and anxi-
ety in patients with cancer, but there is no one class of medication or drug within any 
class that has demonstrated superiority in efficacy [196]. When available, psychia-
try and psychology referrals are appropriate at the time of diagnosis of moderate to 
severe depression and/or anxiety; however, timely consultation may not be possible 
in all settings, in which case primary care or the treating hematology-oncology cli-
nician may represent the most appropriate avenue to initiate treatment. Choice of 
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agent may be chosen based on the symptomatology of the patient’s mood disorder, 
comorbid conditions, concurrent medications, and other symptoms that may be co- 
managed with the same class or drug (e.g., venlafaxine for the treatment of con-
comitant mood disorder and hot flashes [46], duloxetine for treatment of concurrent 
mood disorder and painful chemotherapy-induced neuropathy [203]).

 Nausea and Vomiting

Nausea is a highly distressing complication of cancer and cancer therapy, to such an 
extent that the fear of these symptoms may prevent patients from pursuing cancer 
therapy [204–206]. When it occurs, chemotherapy-induced nausea and vomiting 
significantly detract from quality of life [205, 207] and may detract from functional 
[208] and nutritional statuses [209]. Successful prevention and management of 
chemotherapy- induced nausea and vomiting avoid this quality-of-life impediment 
and improve healthcare utilization by avoiding hospitalizations and intensive sup-
portive care needs. Modern antiemetic regimens are associated with a rate of total 
nausea control, meaning no need for PRN antiemetic therapy, approaching 80%, 
and patients should be counseled that this is an avoidable symptom in most cases 
[210, 211]. Organizations including ASCO, ESMO, MASCC, and NCCN have pub-
lished evidence-based guidelines to guide the choice of antiemetic regimen depend-
ing on the emetogenicity of prescribed regimens, and clinicians are encouraged to 
integrate them routinely into oncology practice setting for patients with genitouri-
nary malignancies (Table 2.2).

Antiemetic therapies and interventions outside of guideline-concordant drug 
classes such as NK1RA, 5-HT3RA, corticosteroids, and dopamine receptor antago-
nists remain controversial and variably endorsed by guidelines. Meta-analytic data 
indicates that ginger supplementation improves acute chemotherapy-induced 
vomiting; however, the magnitude of benefit to nausea, delayed chemotherapy-
induced vomiting, or quality of life remains unclear [212]. In addition, although 
multiple blinded, randomized controlled trials were included, all were conducted 
prior to adoption of four-drug antiemetic prophylaxis regimens, and therefore this 
is difficult to interpret in the context of current practice [212]. Despite widespread 
use of cannabis among patients with cancer [213], high-quality evidence regarding 
safety and efficacy of cannabis in the management of chemotherapy-induced nau-
sea and vomiting is lacking, and therefore further data are required before recom-
mendations can be made for or against its use [214], not to mention the variability 
in legal status of cannabis products. Finally, complementary interventions and 
therapies including acupuncture or acupressure, auricular therapy, hypnosis, and 
others have growing body of investigative literature; however, a systematic review 
identifies inconsistent use of randomization, appropriate controls, and blinding, 
leading to a high risk of bias [215]. Therefore, while many of these interventions 
have low risk for medical or psychological harm and therefore may be permissible 
even with limited efficacy data, these interventions are often costly for patients, so 
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the “financial toxicity” of these interventions must be weighed against the poten-
tial for benefit [216].

 Chronic Lower Urinary Tract Symptoms

Chronic urinary symptoms are commonly experienced by patients living with or 
treated for GU malignancies, ranging from obstructive symptoms to urinary fre-
quency to incontinence. These can significantly impact patient quality of life and 
may have far-reaching impacts on employment, relationships, and psychosocial 
functioning, in addition to physical health. Voiding dysfunction is itself a common 
presenting symptom among patients with prostate and bladder cancer, and this can 
persist or develop following definitive treatment or in the setting of advanced dis-
ease with intact primary tumors or recurrence. When evaluating obstructive symp-
toms, a thorough history is key to determining the likely etiology for all patients, but 
more cystoscopic or urodynamic assessment may be required in patients with prior 
prostate, bladder, or pelvic surgery or radiation in order to evaluate for disease 
recurrence or etiologies that may require operative management (e.g., urethral stric-
ture). Pharmacologic treatment with alpha-1-adrenoceptor agents such as alfuzosin, 
doxazosin, silodosin, tamsulosin, and terazosin or 5-alpha reductase inhibitors such 
has dutasteride or finasteride has an important role in the management of benign 
prostatic hyperplasia [217], but the defined role in the setting of malignancy remains 
unclear. These classes of agents, preferably administered in combination, may be 
considered in the setting of malignancy if the prescriber suspects a component of 
BPH. In addition to BPH, alpha-1-adrenoceptor agents have a high degree of effi-
cacy in palliating acute radiation-induced urethritis and should also be considered 
first-line treatment in this setting [218]. However, if malignant bladder outlet 
obstruction is suspected, treatment of malignancy, either with pharmacologic man-
agement, radiation, or surgical management, should be pursued whenever possible 
[219]. Palliative radiotherapy for refractory bladder outlet obstruction is highly 
effective in the setting of bladder outlet obstruction from prostate cancer [220] and 
should be considered early in these settings for patients whose symptoms do not 
respond to pharmacologic management. However, in refractory cases, surgical or 
interventional management may represent the most effective strategy.

In the setting of ineffective or unavailable pharmacologic or noninvasive inter-
ventions, operative transurethral resection of the prostate (TURP) [221–224] or 
bladder tumors (TURBT) [225] and holmium laser enucleation of the prostate 
(HoLEP) [222, 226] have demonstrated safety and at least short-term efficacy for 
bladder outlet obstruction in the setting of refractory genitourinary malignancies, 
whereas water vapor thermal therapy and prostatic urethral lift are less established 
in the setting of bladder outlet obstruction due to malignancy. Palliative cystopros-
tatectomy may be considered for select cases of incurable prostate [227] and blad-
der [228] cancer, although clinicians should be advised to clearly communicate the 
palliative intent, as there is a high risk of patients misperceiving the intent of the 
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surgical intervention, particularly when urgent [229]. As with urethral obstruction, 
ureteral obstruction is a common consequence of advanced genitourinary malignan-
cies. Percutaneous nephrostomy tube placement and ureteral stent placement have 
an important role in the palliation of ureteric obstruction, each with advantages and 
disadvantages [230, 231]. Percutaneous nephrostomy tube placement should be 
considered the standard of care for patients with extrinsic compression of the ureters 
given the notably higher rate of stent failure in the setting of nephrostomy tube 
placement [231, 232]; however, for intrinsic ureteric obstruction, the decision- 
making regarding ureteral stent versus percutaneous nephrostomy tube placement 
should incorporate feasibility of stenting in addition to patient preference [231].

Overactive bladder and incontinence can represent other consequences of tumor 
or treatment, both acutely and later in the disease or treatment course. These symp-
toms can be disruptive to daily activities and sleep, both of which detract from qual-
ity of life. Pharmacologic management is possible in many cases with antispasmodic 
agents, although the potential for benefit with these medications should be balanced 
with the risk of urinary retention [233, 234]. Procedural intervention may also be 
appropriate for some cases of bladder spasticity, including injection of botulinum 
toxin A which may offer relief from refractory symptoms [235]. While rates and 
severity of postoperative incontinence have improved in conjunction with advanc-
ing surgical and radiation techniques [236, 237], this distressing consequence of 
GU malignancies and their treatment remains a common symptom for patients with 
such malignancies. Pelvic floor rehabilitation [238–240] and biofeedback [241] are 
recommended early in the postoperative or post-radiation course for patients who 
receive local treatment for GU malignancies, but surgical approaches to manage-
ment should be delayed by at least 1 year postoperative given that incontinence may 
improve over a period of months [242]. At any point, consultation with a urologist 
specializing in men’s health can help create a comprehensive plan and help set 
expectations and benchmarks for recovery.

 Hematuria

Similar to voiding dysfunction, hematuria represents both a frequent presenting 
symptom for GU malignancies but can also be a late consequence of malignancy or 
treatment. This symptom can be frightening to patients and caregivers and also 
increases the risk for anemia and associated consequences [243], pain, and clot 
retention. While the underlying cause of gross hematuria is often apparent for 
patients with a known malignancy, if the etiology is in question, urinalysis and urine 
culture, CT imaging, and flexible cystoscopy should be considered essential tools in 
the workup [244]. Flexible cystoscopy is safe even among frail patients or those 
with advanced cancer and is of supreme value when evaluating for a lower urinary 
tract cause of gross hematuria [244]. In the setting of malignant etiologies of hema-
turia, catheter placement and irrigation remain the first-line intervention in most 
cases. However, for refractory hematuria of malignant etiologies, “hemostatic” 
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radiotherapy is an effective and noninvasive treatment [245–247]. Hemostatic doses 
of radiotherapy in the palliative setting typically range from 30 to 36 Gy, although 
the literature demonstrates some variability in recommended dose, and the rate of 
response is high, ranging from 80% to 100% [220, 246, 248]. Intravesical aminoca-
proic acid, alum, silver nitrate, or prostaglandin administration may be considered 
in the management of bladder hemorrhage refractory to radiotherapy or if radio-
therapy or palliative urinary diversion is not possible or medically appropriate; of 
note is that aminocaproic acid, alum, and prostaglandin administration are consid-
ered preferable to formalin if an intravesical approach to palliative management of 
refractory hematuria is deemed necessary [249]. Interventional radiology approaches 
such as vesical artery embolization [250] or prostatic artery embolization [251, 252] 
are not available in all settings, but may be considered for refractory bladder or 
prostatic hemorrhage, respectively. Finally, late effects of radiotherapy may also 
result in clinically significant bladder hemorrhage from radiation cystitis [253]. 
Hyperbaric oxygen therapy [254], which is believed to promote healing by elevat-
ing tissue oxygenation and promoting angiogenesis, is a preferred noninvasive 
intervention for late or chronic radiation cystitis, with success rates as high as 85% 
[255, 256]. However, in cases where hyperbaric oxygen is unavailable or a patient 
is not stable enough to undergo this therapy, the aforementioned intravesical thera-
pies or urinary diversion may be considered, depending on the clinical circum-
stances and available resources.

While noninvasive interventions are preferred whenever possible for refractory 
hematuria derived from the bladder, interventional approaches remain the current 
standard for refractory hematuria due to renal hemorrhage. Palliative nephrectomy 
remains an important consideration for patients with symptomatic renal masses and 
has been demonstrated to reduce flank pain and the need for blood transfusions 
[257]. However, renal artery embolization was described several decades ago as an 
intervention for refractory renal hemorrhage in patients unfit for operative manage-
ment and may be considered an alternative to operative management if surgery is 
medically inappropriate [258, 259]. Post-embolization syndrome, a syndrome com-
prised of a flulike illness with pain, fever, and sometime nausea, is, however, an 
expected consequence of renal artery embolization but responds well to antipyretic 
and antiemetic therapy [260]. Radiofrequency ablation [261] and stereotactic radio-
therapy [262, 263] are minimally noninvasive interventions increasing in use and 
prominence for the management of refractory renal hemorrhage due to inoperable 
renal cell carcinoma, although prospective, randomized data is lacking for these 
interventions.

 Palliative Care

Even in the current era of rapidly improving technology in many fields, some 
patients will still ultimately die of their cancer or will experience their cancer in the 
setting of significant other medical complexity. Patients in circumstances such as 
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these typically experience escalating symptom burden as they approach the end of 
their life [264], and thus it is the moral imperative of clinicians who treat and sup-
port patients with advanced malignancy to understand the unique global needs in 
order to anticipate and successfully address them. The field of palliative care is a 
discipline focused on the relief of suffering for patients with serious illnesses and 
their families/caregivers [265] and is well suited to address these symptoms and 
quality of life needs. This field exists on a spectrum with hospice care, and while it 
is frequently conflated with hospice, it is intended to provide supportive care con-
current with, rather than as an alternative to, conventional cancer care [265] 
(Fig. 2.4). There exist two general forms of palliative care: primary palliative care 
and secondary palliative care [266]. Primary palliative care includes basic support-
ive care that can be carried out by providers of any training or specialty. This 
includes uncomplicated pain or symptom management, assessment for depression 
or anxiety, evaluation of general goal concordance with treatments being offered. 
Specialty palliative care is typically carried out by clinicians who have completed 
subspecialty training (e.g., fellowship training in Hospice and Palliative Medicine, 
End-of-Life Nursing Education Consortium [ELNEC] training for nurses or advance 
practice nurses) and conducted this in a consultative capacity via a multidisciplinary 
team. Specialty palliative care is ideally suited for complex pain and symptom man-
agement, challenging communication needs, nuanced goals of care and medical 
decision-making discussions, and for the support of patient, caregiver, or medical 
team distress.

Palliative care is most commonly available in the inpatient setting, with up to 
72% of hospitals with 50 or more beds reporting availability of a palliative care 
program [267]. However, specialty palliative care has an increasing presence in 
ambulatory, long-term care, and home health settings [268]. Improving accessibility 
to palliative care services naturally facilitates care beyond acute and end-of-life 
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“brink of death” care

Palliative care as 
“quality of life” care

Disease directed care-

Palliative care
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DeathDiagnosis Active treatment Dying
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Fig. 2.4 Depiction of concurrent palliative care. (Adapted from Buss et al. [281])
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needs and allows for earlier integration with longitudinal cancer care. The increas-
ing availability of specialty palliative care in the outpatient or home-based setting is 
due, at least in part, to data demonstrating its value earlier in the care of patients 
with serious illness. With regard to the oncology patient population, a landmark 
2010 study by Temel et al. demonstrated improvement in depression, symptom con-
trol, and avoidance of aggressive care at the end of life, all of which were accom-
plished without shortening life expectancy [269]. Further data followed in other 
cancer populations, including patients with small-cell lung cancer [270], metastatic 
GI cancers [270], and muscle-invasive bladder cancer [271]. In an innovative study 
by Rabow et al., patients with muscle-invasive bladder cancer undergoing radical 
cystectomy were randomized to receive perioperative specialty palliative care con-
sultation in order to evaluate the impact of palliative care on mood, symptoms, and 
post-traumatic growth [271]. The palliative care intervention of this study was asso-
ciated with improved depression, fatigue, quality of life, and post-traumatic growth 
[271]. Despite this data reinforcing the value of palliative care in bladder cancer, 
recent data demonstrates that uptake of palliative care services is disproportionately 
low, only 3.6%, among patients diagnosed with bladder cancer [272]. Barriers to 
palliative care use in this population are unclear but given the high morbidity and 
mortality of muscle-invasive bladder cancer, research efforts directed toward ame-
liorating this discrepancy are sorely needed.

Patients diagnosed with advanced renal cell carcinoma [273], and prostate can-
cer [274], however, appear to be accessing palliative care at rates more commensu-
rate with the broader advanced cancer population, and these rates are rising [273, 
274]. Despite variability in palliative care uptake among patients with GU malig-
nancies, there is a strong evidence base to support integration of palliative care into 
urology clinic workflows. Feedback from patients and urology clinic physicians and 
providers reinforces the feasibility of such an approach, and patient care is posi-
tively impacted by specialty expertise in supportive care and symptom manage-
ment. Furthermore, clinicians participating in this model benefit from increased 
knowledge about patient values and needs, which can be incorporated into medical 
decision-making [275, 276]. Due to the existing and worsening palliative care 
workforce shortage [277], it is unlikely that the integrated palliative care model will 
form the new standard of care; however, it reinforces the value of this modality of 
care among patients with GU malignancies and serves as a call for all clinicians 
treating patients with these conditions to consult with specialty palliative care when 
indicated in order to improve patient quality of life and quality of care.
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 Introduction

Germline genetic testing for prostate cancer was formally included into the National 
Comprehensive Cancer Network (NCCN) testing criteria in 2018 due to data that 
associated hereditary prostate cancer with the BRCA1 and BRCA2 genes [1, 2]. This 
expanded the indications for genetic testing and allowed for a more comprehensive 
genetic risk assessment for patients and their families. With the added emphasis of 
genetic testing to determine eligibility for targeted prostate cancer therapies, such as 
PARP inhibitors, there is now an increased demand for access to genetic counseling 
services. This chapter aims to address the various components of the genetic coun-
seling and testing process to provide a framework of care that includes urologists, 
GU oncologists, and genetics providers in an effort to support optimal multidisci-
plinary collaboration.

 Germline Genetic Testing

 Prostate Cancer Genetics

Germline variants in patients with prostate cancer have been well documented in 
recent years. It is estimated that ~5–10% of patients with prostate cancer and 
~10–15% of men with metastatic prostate cancer have an identifiable germline vari-
ant, which is in line with the prevalence of germline variants in other hereditary 
types of cancer [2–5]. Approximately 20–30% of prostate cancer cases can be clas-
sified as “familial,” meaning there are more incidences of prostate cancer in the 
family than expected by sporadic chance, but an underlying cause is unknown [6]. 
Familial prostate cancer may be caused by multiple unidentified genetic risk factors, 
environmental risk factors, or a combination of both.

Genes associated with hereditary cancer can be categorized in three ways: high- 
risk, moderate-/low-risk, or preliminary-evidence [7]. High-risk genes have estab-
lished cancer risks that are significantly elevated above the general population and 
have well-established screening guidelines. Moderate-/low-risk genes have cancer 
risks that are only moderately elevated compared to the general population and may 
have screening recommendations. Preliminary-evidence genes do not have clearly 
defined cancer risks and do not have established screening recommendations. It is 
important to recognize the overlap between these categories in regard to their vari-
ous associated cancer risks, which can make navigating prostate cancer genetics 
more complex. For example, while ATM and CHEK2 are considered moderate-risk 
breast cancer genes and have corresponding screening recommendations, their 
association with prostate cancer is still relatively new, and there are no established 
screening guidelines. Furthermore, PALB2 is considered a high-risk gene for breast 
cancer, but preliminary evidence for prostate cancer. Thus, while there may be 
limited clinical impact for these men outside of possible qualifications for 

B. M. Szymaniak et al.



63

genetically targeted therapies, there may still be important risks to consider for 
other relatives.

Provider and patient expectations must be aligned to recognize that the majority 
of germline tests will be negative, and of the positive results, not all will not have 
treatment or screening implications. BRCA2 variants contribute to the majority of 
germline pathogenic variants in the metastatic disease setting, accounting for >40% 
of results [2]. In general, moderate-risk genes are more common in the population 
(1 in 100 people), while high-risk genes are rarer (1 in 300–500 people), so an indi-
vidual is more likely to have a positive result in a moderate−/low-risk gene [7]. 
However, this risk may vary by heritage. For example, for individuals of Ashkenazi 
Jewish ancestry, the carrier rate of a BRCA1/2 pathogenic variant is ~1/40 due to the 
presence of three founder variants, a rate significantly higher than average [8]. 
Nonetheless, the overall chance to detect a positive result is quite low, since only 
~5–10% of men with prostate cancer will test positive.

 Genetic Testing Models

Given the integral role of genetic testing in the care of patients with prostate cancer, 
germline testing is quickly becoming a new standard of care. However, there are 
multiple time-points during a patient’s care to consider discussing genetic testing, 
such as at the time of diagnosis, upon disease progression, or in parallel with somatic 
tumor testing.

The first step in incorporating genetics into the workflow is establishing the 
approach the clinic will take for germline genetic testing. This will allow for the 
most optimal method to operationalize the process of genetic testing in a stream-
lined fashion that will fit best for the specific clinic. The following models were 
outlined by Giri et al. and Szymaniak-Facchini et al. and are briefly summarized 
below [9, 10]:

 1. A patient is referred to a genetic counselor for an assessment and discussion of 
genetic testing if indicated.

 2. The entirety of the genetic testing process, pre- and post-test, is completed by the 
urologist or GU oncology team.

 3. The genetic testing is initiated within the clinic, and the patient is referred to a 
genetic counselor for post-test counseling.

Both Giri et al. and Szymaniak-Facchini et al. provide an in-depth review of the 
components of the genetic testing process that details the responsibilities and 
knowledge required of providers [9, 10].

Although genetic testing for patients with prostate cancer is expanding into new 
standards of care, the implications may be different depending on the disease state. 
Testing at the time of diagnosis may have different management discussions com-
pared to at metastatic disease recurrence or when done in parallel with somatic 
tumor testing for treatment decision-making.
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 Identifying Patients Appropriate for Genetic Counseling 
and Testing

Germline genetic testing is now routinely recommended for men with high-risk or 
very-high-risk localized prostate cancer, intraductal/cribriform histology, and meta-
static prostate cancer [1]. Men with prostate cancer who are of Ashkenazi Jewish 
ancestry or with family histories of early-onset breast cancer (under age 50), ovarian 
cancer, pancreatic cancer, or metastatic or intraductal/cribriform prostate cancer or 
with multiple relatives with breast or prostate cancer (any grade) should also be 
offered testing [1]. Because these recommendations are frequently changing, care 
teams must both remain up to date with the most recent guidelines and have a plan 
to consistently screen and identify patients who meet criteria.

A thorough family history can help determine which patients should be offered 
genetic testing, identify the most appropriate test to offer, and inform next steps if 
germline testing is negative or inconclusive. Genetic counselors typically complete 
three- to four-generation pedigrees prior to ordering testing, which include informa-
tion on ages, cause of death, cancer histories (types of cancer and age of onset), prior 
genetic testing, and ancestry of both maternal and paternal relatives. Collecting this 
detailed history may not be feasible for all GU providers during routine visits, but 
family history questionnaires and online pedigree tools can help collect this infor-
mation in a fast and systematic way. If there are other types of cancers observed in 
the family, GU providers may want to consider expanding testing to include genes 
related to the other cancer types or referring the patient to genetics before ordering 
testing. Additionally, if there is a known pathogenic variant in the family, it is impor-
tant to confirm that the genetic test will include evaluation of the familial variant. 
GU providers should be cautious when ordering single site testing, especially in 
families of Ashkenazi Jewish ancestry or families with unexplained cancer histories.

 Pre-test Education and Informed Consent

Prior to ordering genetic testing, each patient should have a basic understanding of 
the purpose of genetic testing and the potential benefits and limitations of the test. 
They should also have an opportunity to ask questions and have concerns addressed. 
Several major medical societies, such as the National Society of Genetic Counselors 
and the American Society of Clinical Oncology, have published guidelines review-
ing the components of pre-test counseling and informed consent, which can serve as 
a guide for GU providers [11, 12]. Educational handouts, videos, or group counsel-
ing sessions can be an alternative or supplement to traditional in-person pre-test 
education. Development of these resources is another opportunity for GU and 
genetics providers to collaborate.

Genetic privacy and discrimination are often common concerns for patients, 
especially in the era of patient-directed and direct-to-consumer (DTC) testing. GU 
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providers should be versed in the differences between patient-directed or DTC and 
clinical testing [10]. They should also be familiar with the Genetic Information 
Nondiscrimination Act (GINA), which applies to places of employment and health 
insurance, but does not apply to life, disability, or long-term care insurance. Patients 
with significant hesitations, questions, or a poor understanding of genetic testing 
may benefit from a pre-test counseling session with a genetics provider.

It is important to keep in mind that not every patient will be interested in pursu-
ing germline genetic testing and that the testing process is voluntary. Patients may 
be overwhelmed with a new diagnosis and/or the complex decisions that need to be 
made surrounding treatment and, therefore, may not be in the right mental or emo-
tional place to consider adding on this type of testing [13, 14]. Additionally, some 
patients may prefer not to learn this type of information since it may lead to feelings 
of guilt or distress [15, 16]. Each patient will be unique in their preferences, which 
underscores the need for appropriate pre-test education and informed consent. 
Providers can consider raising this topic with their patients across multiple appoint-
ments, laying the groundwork for when a patient may be ready to discuss in 
more detail.

 Test Selection

As part of a typical pre-test genetic counseling session, there is discussion of the 
specific genes or panels that are indicated based on the personal and family history 
of cancer (i.e., hereditary pancreas cancer panel based on a history of pancreas can-
cer). There is also a shared decision-making discussion about the scope of the test-
ing (targeted vs comprehensive) based on the patient’s preferences and goals. 
However, this type of nuanced discussion of family history and delineation of spe-
cific genes to be tested is not always realistically feasible if genetic testing is being 
initiated with a GU provider. Thus, it is critical that clinics develop a strategy for test 
selection that will encompass the most appropriate genes for their prostate cancer 
patients.

Many genetic testing laboratories now offer prostate cancer-specific panels, 
which evaluate known genes associated with prostate cancer. These pre-selected 
panels may be more easily implemented in a GU provider’s practice. However, 
based on an individual patient’s risk and family history, there may be additional 
genes for which testing is indicated. This type of testing approach might be more 
appropriate for testing models that involve a post-test referral to a genetic counselor. 
Depending on the testing laboratory, there are options to reflex to a larger panel at 
no additional cost within a set time-window (usually 90 days) from the release of 
the initial test report, which can allow a genetic counselor to include testing for 
other appropriate genes based on the full assessment of the family history.

In contrast, guidelines-based, comprehensive panels cover a wide range of 
hereditary cancer genes. The genes included in these panels often have well-defined 
cancer risks and management recommendations. This type of comprehensive panel 
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may be an appropriate option for clinics ordering testing up front in order to capture 
more genes that might be relevant to the wider family history. However, this should 
not be a substitute for collecting a thorough family history, since this can still influ-
ence screening recommendations. Furthermore, some patients may be less receptive 
to comprehensive testing, which highlights the critical importance of informed 
consent.

Insurance coverage for genetic testing can be variable and is often dependent on 
the specifics of the plan. Payers have historically based their criteria on the NCCN 
High Risk: Breast, Ovarian, and Pancreas guidelines, but coverage is not always 
aligned with the most update-to-date NCCN recommendations, and insurers may 
develop their own stricter criteria [1]. To minimize unanticipated expenses, many 
testing laboratories will contract with various payers and perform a benefits investi-
gation to estimate the out-of-pocket cost for the patient. In addition, many testing 
laboratories offer fixed patient-pay prices of $250 or less. Laboratories may also 
offer financial assistance or sponsored (no cost) testing. During a genetic counseling 
appointment, the logistics of testing and cost are discussed. However, if testing is 
being ordered in the clinic, it is important to have the specifics of the testing labora-
tory’s billing available so patients can make an informed decision about whether 
testing is within their budget.

 Results Delivery

Post-test counseling and result delivery will depend on the genetic testing model 
determined by each clinic. As outlined by Giri et al. and Szymaniak-Facchini et al., 
GU providers have the option to [9, 10]:

 1. Refer all patients to genetics for post-test counseling regardless of results.
 2. Deliver all results, provide post-test counseling, and refer to genetics only in 

complex cases or by patient request.
 3. Deliver negative results and refer patients with a positive result or a concerning 

variant of uncertain significance (VUS) to genetics for post-test counseling.

Regardless of the model utilized, a clear strategy should be in place to ensure 
results are returned in a timely and organized manner. A copy of the test report 
should be in the patient’s medical record and offered to the patient, especially in the 
event of a positive test result.

When discussing results with patients, providers should be conscious of these 
key points:

• Negative results. A negative result lowers but does not eliminate the risk for a 
hereditary cancer predisposition. Cancer screening for the patient and their fam-
ily should be based on their personal risk factors and family history. If a patient’s 
personal or family history changes, or new options arise for testing, it may be 
worthwhile to review with genetics if updated testing or additional screening is 
recommended.

B. M. Szymaniak et al.



67

• Positive results. If a pathogenic or likely pathogenic variant is identified, providers 
should review the cancer risks associated with the variant in order to recommend 
further cancer screening and specialist referrals as indicated. Possible treatment 
implications and research opportunities should also be discussed, particularly for 
patients with metastatic disease and variants in DNA repair genes or mismatch 
repair genes. Patients should be strongly encouraged to discuss the results with 
their at-risk relatives for cascade testing, including both male and female relatives, 
and to meet with genetic counselor if one has not been involved to this point – to 
provide support for patients, some of whom may find this process stressful, and to 
ensure medically accurate information and cascade testing discussions.

• VUS results. Variants of uncertain significance are the second most common 
result, and the likelihood of detecting a VUS increases with larger panels [7]. 
Given that the overwhelming majority of VUS results are later reclassified as 
benign, providers should be careful when reviewing VUS results with patients and 
stress the uncertainty of whether the genetic variant is disease-causing or benign 
[17]. Until reclassified as pathogenic or expertly reviewed by a genetics provider, 
VUS results should be treated as negative results, and any screening and/or treat-
ment recommendations should be based on a patient’s personal and family his-
tory. Testing family members for VUS results is not recommended unless in the 
context of research or a VUS resolution program. Patients should be encouraged 
to check in with providers every few years to see if there are updates to the VUS 
classification. If a laboratory reclassifies a variant, they will issue an amended 
report to the ordering provider. It is therefore the ordering provider’s responsibil-
ity to follow up with patients over time regarding any classification changes.

Variants of uncertain significance can be challenging results both for patients and 
providers. Incorrect interpretation of VUS results can lead to mismanagement of 
patient care, unnecessary screening, and inappropriate testing [18]. For providers, 
lack of genetic training and confirmation biases can lead to an over suspicion of the 
pathogenicity of a VUS [18]. While a VUS result may seem consistent with the 
patient’s clinical presentation, providers should remember that >90% of VUS are 
later reclassified as benign and be hesitant to conclude that a VUS had any role in 
the patient’s personal or family history without significant supporting data [17]. To 
help gather this data, providers can consider enrolling patients in VUS resolution 
programs through genetic testing laboratories or academic centers. These programs 
may offer family segregation studies, RNA analysis, or somatic/tumor testing, all of 
which can aid in the classification of variants. Genetic counselors are also widely 
available at most laboratories to assist providers in the interpretation of VUS results 
and discuss resolution study options.

 Somatic Testing

Germline genetic testing assesses for pathogenic variants in genes inherited from 
parents that can predispose an individual to cancer. Alternatively, somatic genetic 
testing assesses for acquired, tissue-specific genetic alterations within an 
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individual’s tumor. The purposes of somatic testing in prostate cancer are to deter-
mine clinical risk (i.e., death or metastatic disease within a certain time frame) in 
order to aid with treatment planning, targeted therapies based on the genetic com-
position of the tumor, and eligibility for clinical trials.

There is the possibility of identifying a somatic variant that may be suspicious 
for germline origin, such as a BRCA2 variant. This becomes particularly relevant in 
the setting of paired somatic and germline testing. Typically, the germline (blood) 
sample is used to “subtract out” the background genetic information to identify the 
genetic data specific to the tumor. However, since the germline is being analyzed, 
the laboratory may also report germline variants. Germline testing in this context 
may not be clinically validated, so additional germline or confirmatory testing may 
be needed.

Though somatic and germline testing each has unique indications, their synergis-
tic effect can provide great clinical benefit since both tests may identify eligibility 
for genetically targeted therapies, such as PARP inhibitors and checkpoint inhibi-
tors. Furthermore, if a patient undergoes germline genetic testing and does not have 
a pathogenic or likely pathogenic variant identified, this does not eliminate the pos-
sibility of a relevant somatic variant. Conversely, if a suspicious somatic variant is 
identified, germline genetic testing may be needed to determine the clinical rele-
vance of this finding. Therefore, conducting germline testing at the time of somatic 
testing is a reasonable and potentially beneficial clinical approach.

 Cascade Testing

Cascade testing, the clinical investigations of a proband’s family members follow-
ing the identification of a positive test result, is an important concept that should be 
discussed with patients. Targeted familial testing for relatives can clarify cancer 
risks and determine the most appropriate screening and risk-reducing strategies. 
Additionally, several cancer genes have risks for autosomal recessive conditions, 
and knowledge of carrier status can inform reproductive decisions [7]. Despite 
potential benefits, studies have shown that uptake for cascade testing is low [19, 20]. 
One contributing reason is that cascade testing relies on the affected proband shar-
ing the information with the at-risk family members. This responsibility can be 
difficult when a patient may be in the midst of cancer treatment [21]. For this rea-
son, it can be helpful to provide patients with resources, such as family letters and 
support groups, and stress the importance of sharing this information with family 
not just at the results disclosure, but in follow-up visits as well. Several laboratories 
also offer free familial testing within a set number of days (i.e., 90 days) after the 
proband’s testing, which can be another incentive for the patient to share the results 
with the relatives.

Unaffected relatives who test positive, particularly for a high-risk variant, can be 
followed in high-risk surveillance and prevention programs. There may also be 
long-term follow-up studies that these individuals can enroll in to help improve our 
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understanding of the natural history of these syndromes. Relatives who test positive 
for preliminary evidence or moderate-/low-risk prostate variants may want to con-
sider checking in every few years with genetics to see if there are updates to the risk 
assessment or screening recommendations. Enrolling in variant registries, such as 
PROMPT, should also be encouraged.

 Identifying and Overcoming Barriers

 Cementing the Genetic and GU Clinical Team Partnership

Due to the relatively recent incorporation of germline testing for men with prostate 
cancer into guidelines, the importance of testing continues to be under-recognized 
among prostate cancer clinical care teams. Additionally, important working rela-
tionships between genetic counselors and members of the urology and GU oncol-
ogy communities are still being established. The evolution of optimal care standards 
for germline genetic testing in prostate cancer creates an opportunity and need to 
establish partnerships between genetic counselors and GU clinical teams to meet 
the challenge. However, before developing this infrastructure, it is critical to first 
understand the notable barriers to implementation.

 1. There are a limited number of genetic counselors. Despite a workforce supply 
and demand assessment from the Genetic Counselor Workforce Working Group 
in 2016 that raised concerns about an impending shortage of genetic counselors, 
the expansion of the workforce has significantly outpaced their predictions [22, 
23]. This success is largely due to the creation of additional training programs 
and the expansion of existing programs. Within the next 5 years, it is predicted 
that there will be close to 7500 practicing genetic counselors compared to 
~5100 in 2019 [23].

 2. There is limited access to genetic counselors. There is an overarching challenge 
of providers being able to effectively access genetic counselors, especially if 
none are located at their institution or within their practice. While historically 
genetic counselors have been located at academic centers and hospitals in urban 
areas, genetic counselors are available at genetic testing companies and private, 
stand-alone genetic counseling services that offer telemedicine consultations 
[24, 25]. Moreover, there has been a recent expansion of telemedicine services in 
response to the COVID-19 pandemic, which opens up additional options for 
patients. The National Society of Genetic Counselors (NSGC) has a “Find a 
Genetic Counselor” directory of both US and Canadian genetic counselors who 
offer in-person and telemedicine services.

 3. There is a lack of comfort regarding genetics knowledge among urology and 
oncology clinicians. Despite limited genetics training for medical professionals, 
there is a significant demand on providers to interpret and incorporate various 
genetic information into their everyday practice. This increased complexity may 
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lead to under-recognition of the need for a genetics evaluation, inappropriate 
testing, and misinformation regarding results [26, 27, 28].

Despite these challenges, there are multiple ways to overcome these barriers to 
provide multidisciplinary care incorporating the expertise of both genetic counsel-
ors and GU providers.

• Alternative delivery models. A blended clinical approach that allows for initia-
tion of genetic testing in the clinic with a subsequent referral to a genetic coun-
selor for post-test discussion. This particular model has received a high degree of 
consensus among multiple disciplines [29]. The utilization of telehealth (tele-
phone, video) can improve access to consults for genetic counseling.

• Multidisciplinary clinics. Providers can take advantage of genetic counselors 
within their institutions and/or advocate for hiring new genetic counselors.

• Tumor boards. The inclusion of genetics experts during institutional GU tumor 
boards can aid in the identification of appropriate patients for genetic testing, as 
well as reviewing results.

• Educational opportunities. The City of Hope Comprehensive Cancer Center 
offers an intensive, 12-week-long cancer genetics course for physicians, physi-
cian assistants, nurses, genetic counselors, and other healthcare professionals to 
gain comfort with and knowledge of the integration of genetic information into 
oncology practice. Clinical teams can limit the need to hire additional staff by 
sponsoring a designated person among their existing group to take advantage of 
such educational opportunities and bring the needed expertise back to the prac-
tice. In addition, urologists and GU oncologists could invite a genetic counselor 
for a grand-rounds presentation, partner with a genetic counselor to participate in 
a lecture for residents or other learners, or utilize resources available through 
AUA and ASCO to supplement team member knowledge in the area of cancer 
genetics.

 Patient Disparities

Like many areas of medicine, disparities within access and uptake of genetic ser-
vices are well documented, and solutions to provide equitable care are urgently 
needed. Patients of disadvantaged socioeconomic backgrounds and racial/ethnic 
minorities are less likely to be referred to genetics and less likely to consent to test-
ing [30–32]. Additionally, men are significantly less likely to pursue testing for 
BRCA1/2 compared to women, despite the known cancer risks for men [33]. These 
issues affect not only patients and their family members but also the genetic com-
munity as a whole. Variant classification, risk stratification, and gene discovery rely 
on comprehensive genomic data from individuals of all backgrounds and ancestries. 
Since the majority of genomic data has been historically collected from individuals 
of European ancestry, data for minority groups lags behind, which can lead to 
increased VUS detection and decreased utility of testing overall [30]. As GU 
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providers implement genetic testing into their clinical practice, it will be essential to 
understand these disparities and recognize existing biases so that we can actively 
work together to provide equal access to care.

There is still limited data available about prostate cancer patients’ percep-
tions, expectations, and needs related to genetic testing. More research is needed 
to better define the barriers to testing on the patient-facing side, especially since 
the concept of genetic testing is not as highly publicized for this patient popula-
tion. However, Greenberg et  al. recently published results from a focus group 
study of men with prostate cancer that concluded that referring providers can 
utilize their relationships with these patients to personalize the discussion of 
genetic testing and help determine the most appropriate timing during the treat-
ment process [34]. This emphasizes that GU and genetics providers are in a 
unique position to help address these barriers and improve care for patients with 
prostate cancer.

 Key Takeaway

As GU clinics either begin to incorporate germline genetic testing into their prac-
tices or expand their existing efforts, a partnership with genetics is highly encour-
aged to provide the most optimal care for patients. While the genetic testing process 
can be complex and nuanced, there are both laboratory and clinical genetic counsel-
ors available to help.
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Chapter 4
High-Risk Localized Prostate  
Cancer

Alexander P. Cole, Quoc-Dien Trinh, and Adam S. Kibel

High-risk prostate cancer comprises approximately one fifth of cases of localized 
disease [1]. These men often are curable, but also are at high risk for occult meta-
static disease. Appropriate treatment is therefore paramount. The proportion of men 
with high-risk localized prostate cancer has increased in recent years – this has been 
attributed to recent decrease in the diagnosis of low-risk disease with lower utiliza-
tion of PSA (prostate-specific antigen) screening [2–4]. Other factors such as diet 
and behavioral changes, demographic shifts, and less use of surgery for benign 
prostatic disease may also be at play [5].

In contrast to low-risk prostate cancer, mature long-term survival data during the 
PSA screening era has underscored the high probability of high-risk patients devel-
oping metastases and dying from their disease [6–8]. While some men “progress” to 
metastatic disease, it is likely that many of these men in fact have undetectable 
micro metastatic disease at the time of diagnosis. A cancer of 1 mm diameter – well 
below detection level for cross-sectional imaging – will typically be made up of 
about 100,000 cells, and therefore these micro-focal metastatic cancers may go 
undetected at the time of diagnosis. Treatment has evolved to address this, often 
combining local therapy with systemic treatments – making multimodality treat-
ment a hallmark of high-risk prostate cancer management.

This increased complexity of high-risk disease means that treatment is challeng-
ing and time-consuming and involves multiple specialties. This complexity is 
reflected in the large proportion of men with high-risk prostate cancer who do not 
receive guideline-concordant treatment. In their study of 8229 men in 7 state cancer 
registries, Hamilton et al. showed that only 52.7% men in the National Comprehensive 
Cancer Network (NCCN) high-risk disease group received guideline-concordant 
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care with the majority of the remainder (32.6% of the total) receiving less aggres-
sive therapy than recommended [9]. Factors associated with non-guideline- 
concordant care include African American race and lack of insurance [10, 11]. 
Undertreatment has also been noted among healthy older men  – perhaps due to 
physicians’ tendency to underestimate life expectancies [12].

In this chapter we will outline the diagnosis and management of high-risk pros-
tate cancer, emphasizing core management concepts as well as recent advances.

 Defining High-Risk Prostate Cancer

Since the original risk group definitions described by D’Amico et  al. in the late 
1990s, the stratification of localized prostate cancer into risk groups based on PSA, 
Gleason grade, and clinical stage has been a key tool for informing treatment deci-
sions [13]. While prostate cancer risk exists on a clinical spectrum, historical prac-
tice has been to categorize men into low-, intermediate-, and high-risk categories.

The original D’Amico high-risk group was comprised of men with T2c or PSA 
level ≥20 ng/mL or Gleason score ≥8. These categories were generated using risk 
of biochemical recurrence after surgery or radiation. Over the intervening years, the 
definition of high-risk disease has undergone gradual shifts, and there are now a 
number of definitions in use (Table 4.1). The degree of uncertainty regarding the 
definition of locally advanced prostate cancer was underscored in a 2007 survey of 
more than 150 UK oncologists and urologists: 95 different answers were given 
when respondents were asked about the definition of high-risk prostate cancer [14]. 
In a similar vein, a study of nearly 5000 men treated with radical prostatectomy at 
Memorial Sloan Kettering Cancer Center in New York found that the proportion of 
men defined as high risk ranged from 3% to 38% depending on the definition used; 
outcomes also varied between them, with 5-year biochemical recurrence rates 
between 49% and 80% depending on which definition was used [15].

Alongside the risk groups which classically utilized PSA, Gleason score, and 
stage, there are approaches which seek to improve upon risk stratification by adding 
other readily available clinical variables. The Cancer of the Prostate Risk Assessment 
(CAPRA) score utilizes age, PSA, clinical stage, Gleason grade, and percentage of 
positive systematic biopsy cores to predict risk of recurrence for localized disease 
[16]. In the targeted biopsy era, the relevance of the number of positive cores from 

Table 4.1 Definitions of high-risk prostate cancer

Professional organization Definition(s)

American Urological Association [13, 109] PSA ≥20 ng/ml or GS ≥8 or c ≥T2c
European Association of Urology [110] PSA ≥20 ng/ml or GS ≥8 or c ≥T3a
National Comprehensive Cancer Network [111] PSA ≥20 ng/ml or GS ≥8 or c ≥T3a
Radiation Therapy Oncology Group [112] GS = 7 with cT3 or N1

GS ≥8 and cT1–2
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the lesion is of unclear relevance. A more integrated risk stratification approach, 
such as the well-known Kattan and Briganti nomograms, uses regression models to 
provide a continuous estimate of risk [17, 18].

It should be noted that all of the components of historical risk stratification score 
(PSA, grade, and stage) have important limitations. First, serum PSA levels have 
numerous benign sources of elevation and may be impacted by patient age, race, 
and genetics as well as prostate size, recent instrumentation, and inflammation. 
Second, Gleason grading has evolved over the past few decades with a noticeable 
grade inflation occurring. Albertsen et al. found an upward shift in Gleason grading 
when experienced pathologists re-reviewed slides from the early 1990s, with 55% 
of the needle cores upgraded [19]. Further emphasizing the potential impact of 
grade inflation, a group of Swedish researchers recently compared a contemporary 
cohort of surgically treated men in their national cancer registry using the same 
stage and grade criteria as one of the major Scandinavian trials in the 1990s. They 
found that men diagnosed and treated in the 1990s had similar prostate cancer- 
specific mortality as men in a contemporary time period with one-unit higher 
Gleason grade group [20]. Finally, stage migration has occurred: The widespread 
adoption of cross-sectional imaging of the prostate for local staging, mainly multi-
parametric MRI (mpMRI), has increased the ability to identify extra prostatic exten-
sion. It is likely that large numbers of men now staged as cT3a or cT3b on the basis 
of MRI would have been staged as cT2 or even cT1c in the pre-MRI era.

Further increasing the complexity of risk stratification, biomarkers have been 
developed to assist with determining which patients have potentially lethal disease 
despite lower Gleason score. The Genomic Prostate Score (Oncotype Dx) is a 
17-gene assay which predicts pathologic outcomes after prostatectomy [21, 22]. 
The Decipher score is an RNA-based assay which predicts metastasis after radical 
prostatectomy [23]. The Prolaris test is a measure of cell cycle progression associ-
ated with prostate cancer-specific mortality for several treatments in low-risk men 
[24]. While none of these tests is specifically designed as a predictive biomarker 
(e.g., for the effectiveness of any specific therapies), the presence of a higher or 
lower than expected score may spur more or less aggressive therapies for men in 
borderline risk categories.

In addition to the increased ability to identify local invasion, mpMRI may also 
provide insight into disease biology. These protocols combine T2 sequences with 
dynamic contrast enhancement and diffusion weighted imaging. It therefore identi-
fies changes which closely track three of the six hallmarks of cancer including 
angiogenesis, cellularity, and invasiveness [25]. The use of mpMRI visibility to 
identify high-risk prostate cancers is supported by molecular data. Visible tumors 
are enriched with molecular features of tumor development and aggressivity, 
including activation of proliferative signaling, DNA damage, and inflammation 
[26]. Indeed, MRI-visible tumors are significantly enriched with molecular fea-
tures of progression, including, PTEN loss, biochemical recurrence-associated 
genes (e.g., CENPF), and raised genomic scores (e.g., Oncotype Dx, Decipher, and 
Prolaris) compared to non-visible disease [26]. Visible tumors nearly always have 
some component of Gleason pattern 4 cancer. Emerging data suggest there are 
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distinct clinical phenotypes of mpMRI visible versus non-visible tumors, which 
closely mirrors the distinction in clinical aggressiveness between Gleason grade 
groups [8, 27].

Ultimately, these details can be distilled into a conceptual definition of high-risk 
disease – it is prostate cancer – which is clinically localized but where a relatively 
high probability exists of occult, subclinical metastases. As a result, multimodality 
treatment is the guiding concept behind most high-risk prostate cancer treatment 
and will be the topic of the remainder of this chapter.

 Treatment

 Observation

Unlike the case with low- and intermediate-risk prostate cancer, there is relatively 
little controversy that men with high-risk prostate cancer have a high chance of 
dying from their disease if untreated. In the 20-year follow-up of the landmark 
Prostate Cancer Outcomes Study, Albertson et al. demonstrated that men with low- 
risk disease treated with either surgery or hormone therapy are unlikely to die from 
prostate cancer. The same is not true in men with high-risk disease (defined in his 
study as Gleason score 8–10) who received either observation or hormones. In this 
group, 66 out of 100 men died of prostate cancer at 20-year follow-up [28]. The risk 
of dying from prostate cancer was even present in the subgroup of relatively older 
men. Even among the oldest subgroup of men over 70 years of age with high-risk 
disease, nearly two thirds of men died of prostate cancer. While appropriate for men 
in lower risk categories, observation is rarely appropriate for men with high-risk 
disease, even for those in advanced age ranges [12].

 Radiation and ADT

The use of radiation for prostate cancer dates to the first decade of the twentieth 
century [29, 30], and androgen deprivation therapy (ADT) has been a backbone of 
systemic therapy for prostate cancer since the 1940s [31]. The approach of combin-
ing these two modalities for high-risk disease was first investigated the 1960s [32]. 
These early studies were based on the belief that smaller tumors could be more 
effectively treated with radiation and the clinical observation that hormone therapy 
could effectively reduce the size of tumors. Unfortunately these early trials faced 
hurdles related to substantial toxicities of hormonal therapies available at that time, 
which was largely diethylstilbestrol, a medication with substantial cardiac and 
thrombogenic risks [33, 34]. As new hormonal agents were developed, toxicities 
were lessened. Reanalysis of prior trial data and two small Radiation Therapy 
Oncology Group (RTOG) phase II trials in the 1980s suggested that concomitant 
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radiation and androgen suppression could reduce tumor burden and improve clini-
cal response with acceptable toxicities [35–37].

On the basis of these results, RTOG 8610 evaluated the benefit of neoadjuvant 
ADT plus radiation therapy versus radiation therapy alone. The initial results from 
this trial, published in 1995, demonstrated that men with locally advanced disease 
had increased local control and disease-free survival when pelvic radiation was 
combined with short-term ADT [38].

 Duration of ADT

In the 1990s, a series of trials provided definitive evidence supporting the combina-
tion of radiation and ADT. The first trial to prospectively demonstrate a survival 
benefit for ADT plus radiation in high-risk disease was EORTC 22863, published in 
1997 by Bolla et al. which demonstrated an improvement in survival from 39.8% to 
58.1% at 10-year follow-up. Unlike the shorter-duration ADT employed in the 
RTOG trials, this study used radiotherapy with or without 3 years of ADT [39–41].

Further evidence of the importance of longer-duration ADT was provided by 
EORTC 22961, a follow-up study that examined the duration of ADT. In EORTC 
22961, men were recruited with locally advanced prostate cancer (cT2c to cT4, 
clinical nodal stages N0 to N2). All subjects received EBRT and 6 months of ADT, 
and those in the extended arm received an additional 30 months of ADT (3 years 
total). The 6-month ADT group had worse cancer-specific mortality compared to 
the 36-month ADT group (4.7% versus 3.2% at 5 years, hazard ratio 1.71, 95% CI 
1.14–2.57). Overall mortality was also worse in the short-term group (19.0% versus 
15.2% at 5 years, hazard ratio of 1.42, 95% CI 1.09–1.85) [42].

The RTOG 9202 trial further refined the question of ADT duration. This trial 
randomized men with cT2 or cT4 disease to 28  months vs. 4  months ADT and 
radiotherapy. Horwitz et al. report their 10-year follow-up which revealed superior 
disease-free survival, local progression, metastasis, and biochemical-free survival 
in the long-term ADT group. Disease-free survival improved from 83.9% to 88.7% 
at 10 years (p = 0.0042) although overall survival was no different – 51.6% versus 
53.9% (p = 0.36) [43]. Lastly, in RTOG 8531, a total of 977 men with palpable 
extraprostatic extension were randomized to radiation alone or radiation with life-
long ADT. The men who received combination therapy with lifelong ADT had 
lower 10-year cancer-specific mortality 16% vs. 22% (p  =  0.005) and improved 
survival 49% vs. 39% (p = 0.002) [44]. A systematic review examining pooled data 
from six studies of varying duration of ADT confirmed that longer duration improves 
overall and disease-specific survival in intermediate- and high-risk prostate cancer 
patients [45]. Current guidelines for men with high-risk disease thus support the use 
of ADT for 2 or 3 years [46].

The finding of improved survival in combination ADT plus RT led some to ques-
tion whether it was simply the case that ADT itself was responsible for the survival 
benefit. The relative contribution of RT was evaluated in two trials. In the 
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Scandinavian Prostate Cancer Group-7 trial, Widmark et al. randomized 875 men 
with locally advanced cancer to receive 3 months of androgen deprivation therapy 
and RT followed by lifelong flutamide versus ADT alone. After a median follow-up 
of 7.6 years, they report that the addition of local radiotherapy to ADT halved the 
10-year prostate cancer-specific mortality and resulted in a 10-year overall survival 
rate of 70% compared to 61% in the ADT monotherapy group [47]. Warde et al. 
reported a similar multi-institutional trial which recruited men with locally advanced 
prostate cancer (broadened to include localized disease with a PSA >40 ng/dl or 
PSA >20 ng/dl and Gleason score 8) [29]. Men were randomized to lifelong ADT 
with or without external beam radiation to the prostate, seminal vesicles, and pelvic 
nodes. The authors report a prolonged 7-year OS of 74% compared to 66% in the 
ADT monotherapy group. Taken together, these results support the synergistic 
effect of radiation plus ADT.

 Combination Radiotherapy

Given the importance of local therapy, the question arose whether increasing the 
intensity of local therapy for high-risk prostate cancer could further improve disease 
control and survival. It had been shown that adding brachytherapy to external beam 
radiation increases the radiation dose by approximately 50% [48, 49]. The 
ASCENDE-RT trial addressed the clinical benefit of brachytherapy boost. This 
study enrolled men with intermediate- and high-risk localized prostate cancer. All 
men received 12 months of ADT and 23 fractions of pelvic radiation to the prostate, 
seminal vesicles, and regional lymph nodes. The EBRT boost arm then received an 
additional 16 fractions of radiation to the prostate, whereas the experimental brachy-
therapy boost arm received brachytherapy implants to the prostate. Over a median 
follow-up of 6.7  years, Morris et  al. reported a substantial improvement in 
progression- free survival in the brachytherapy boost group (83% versus 63%) [50]. 
The survival benefit of this approach was also investigated in two retrospective stud-
ies. One utilized institutional results, and the second employed high-quality national 
cancer registry data. Both showed improved survival with EBRT plus brachytherapy 
with ADT versus EBRT with ADT alone [51, 52]. The limitations retrospective 
analysis notwithstanding [53], these two studies support the effectiveness of brachy-
therapy boost in a real-world setting. Importantly, the benefit must be balanced 
against the significantly higher toxicities in the combined EBRT plus brachytherapy 
group. This improved progression-free survival came at the cost of a higher rate of 
high-grade GU toxicity in the combined EBRT+ brachytherapy group. In the 
brachytherapy boost group, the proportion of men with grade 3 or higher GU toxic-
ity was 7.0% at 2 years and 8.6% at 5 years versus 1.1% at 2 years and 2.2% at 
5 years (P 0.005 and 0.058, respectively) [54].

The toxicities of radiohormonal therapy are not simply radiation-related. ADT 
causes metabolic, GI, cardiovascular, and cognitive side effects [55–58]. In 2008, 
D’Amico et al. reported results of a single institution trial which randomized men 
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with high-risk disease to 6 months of ADT plus RT versus RT alone. They also 
performed an analysis stratified by comorbidity. In their initial results, the authors 
report a greater hazard of all-cause mortality in the radiation therapy monotherapy 
group versus the combined ADT + RT group (HR 1.8, 95% CI 1.1–2.9) with a 5-yr 
OS of 88% vs. 78%. Importantly, they determined that ADT only conferred a benefit 
in low-comorbidity group which suggests a potential interaction between ADT and 
comorbidity status [59]. Further supporting this, in their long-term follow, D’Amico 
et al. report that the high-comorbidity group actually had worse overall, cardiac, and 
all-cause mortality in men who received combined therapy with both ADT and 
RT. This supports the conclusion that ADT only improved outcomes in men with 
few comorbidities and the toxicity in high- comorbidity patients may result in greater 
net harm [60]. These results underscore that ADT can yield dramatic benefits in 
terms of cancer outcomes, but the metabolic and cardiac implications should be 
weighed against the improved cure rates.

 Surgery for High-Risk Prostate Cancer

With the risks of ADT and radiation therapy in mind, some have emphasized surgi-
cal treatment of high-risk prostate cancer. Landmark trials from Sweden and the 
United States evaluating surgery versus watchful waiting support the conclusion 
that surgery is appropriate for many men with high-risk prostate cancer.

In the Scandinavian Prostate Cancer Group-4 (SPCG-4) trial 18-year follow-up, 
there was a significant reduction in mortality and metastatic disease among men 
who received prostatectomy for localized prostate cancer [8]. Curiously there was 
no significant benefit of surgery for men with highest-risk disease. The authors of 
the SPCG-4 acknowledge this surprising finding and suggest that many men in the 
high-risk group may in fact have been diverted to non-surgical treatments regardless 
of being randomized to surgery or watchful waiting. In addition, they may have 
been such high risk that they had occult metastatic disease and therefore unlikely to 
benefit. The US-based Prostate Cancer Intervention Versus Observation Trial 
(PIVOT) did not demonstrate a survival benefit for surgical treatment versus obser-
vation among the entire cohort but did show that cancer mortality was lower in the 
surgically treated men with D’Amico high-risk prostate disease [61, 62]. While the 
ProtecT trial is often cited in the debate on surgical treatment, it has limited infor-
mation for the management of high-risk disease. Hamdy et al. randomized 1643 
men to surgery, radiation, and active management. They report no difference in 
prostate cancer-specific mortality between groups [63]. However, the study com-
prised nearly all low- and intermediate-risk cases, and therefore its results should 
not be used to guide treatment of high-risk disease [64].

There is a body of retrospective data supporting surgery for localized high-risk 
disease as well as clear potential benefits to this approach [65, 66]. The most obvi-
ous of these is the potential for cure with a single procedure. Nomograms for men 
with localized disease suggest durable cure rate of >50% for some men with 
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high-risk localized disease fully resected at the time of prostatectomy and an overall 
survival approaching 100% at 10 years [17].

Radical prostatectomy provides highly accurate staging information which 
improves risk stratification and subsequent treatment. A recent study from Duke 
showed that among men whose only high-risk feature was Gleason 8 disease, 60% 
were downgraded at the time of radical prostatectomy (e.g., from Gleason 8 to 
Gleason 7) [67]. Given that intensity of treatment, particularly use of ADT, is in 
large part driven by grade, a large portion of men with biopsy Gleason 4 + 4 disease 
may well be getting overtreated or paradoxically have curative treatment withheld 
by the false belief that their cancer is incurable.

 Salvage Therapies for High-Risk Disease

 Treatment of Adverse Pathological Findings Versus Treatment 
for Failure

Men with high-risk features following radical prostatectomy have treatment options 
which may be dictated either by pathological findings at radical prostatectomy or by 
clinical course after prostatectomy. For surgically treated men who have adverse 
findings after prostatectomy (typically defined as positive surgical margins, seminal 
vesicle invasion, or extraprostatic extension), both ADT and radiation therapy 
immediately after prostatectomy (so-called “adjuvant” approach) have been shown 
to be associated with reduced risk of biochemical and clinical relapse [68, 69]. 
However, there are well-known toxicities of both radiation and hormone therapy. 
Several of the trials demonstrating a survival advantage were done in the pre-PSA 
era. Thus, monitoring PSA and treating for recurrence have been widely adopted for 
the past decade [70, 71].

Three recent prospective trials have compared the strategy of immediate adju-
vant therapy versus salvage in men with high-risk features after surgery. Their 
results support the approach of treatment for failure rather than immediate adjuvant 
therapy. The French GETUG-17, the UK-based RADICALS-RT, and the Australian- 
based RAVES all randomized men with high-risk features after prostatectomy to 
receive either immediate radiation and hormonal therapy or close monitoring with 
“early salvage” which was delivered when the PSA reached a pre-specified level of 
0.1 ng/mL (RADICALS) or 0.2 ng/mL (RAVES and GETUG-17).

GETUG-17 found no significant difference in disease relapse (locoregional or 
metastatic), biochemical progression, or death at five years (HR 0.81, 95% CI 
0.48–1.36) but over three times higher rate of grade 2 or worse toxicities in the 
adjuvant radiotherapy group 27% versus 7% (p < 0.0001) [72]. In RADICALS-RT, 
Parker et  al. reported 5-year biochemical progression-free survival was 85% for 
those in the adjuvant radiotherapy group and 88% for those in the salvage radio-
therapy group (HR 1.10, 95% CI 0.81–1.49). Similar to the results from GETUG-17, 
incontinence and urethral stricture disease were slightly higher in the adjuvant 

A. P. Cole et al.



83

group compared to the early-salvage group. Proportions of men with incontinence 
and stricture disease were higher in the adjuvant arm of RADICALS-RT compared 
to the early salvage arm: 6% versus 4% for incontinence and 4.8% versus 4.0% for 
stricture disease (p < 0.05 for both) [73]. Lastly, in RAVES, Kneebone et al. reported 
5-year progression-free survival rates of 86% versus 87% in the adjuvant and sal-
vage radiotherapy group (HR 1.12, 95% CI 0.65–1.90) with no difference in genito-
urinary toxicities [73].

Taken together, these three trials strongly support a policy of close surveillance 
after radical prostatectomy rather than immediate adjuvant therapy. Timing of sal-
vage therapy is critical. Earlier-salvage RT at PSA levels between 0.01 and 0.20 ng/
mL provides better freedom from biochemical free recurrence and metastasis [74].

Regarding the optimal type of treatment in the salvage setting, two recent trials 
evaluated the role of integrating ADT with RT. GETUG-AFU 16 randomized men 
with biochemical recurrence after a period of undetectable PSA to either RT alone 
or ADT plus six months of the LHRH agonist. The authors demonstrate a signifi-
cantly reduced hazard of clinical or biochemical progression at 5 years 80% vs. 
62% (p < 0.001) – however it should be noted that only about 1 in 10 study subjects 
had Gleason 8 or higher [75]. In RTOG 9601, Shipley et al. evaluated the addition 
of 24 months of the antiandrogen bicalutamide plus RT versus RT and placebo. 
After a median follow-up of 13 years, the addition of bicalutamide was associated 
with improved survival and metastasis-free survival. The 12-year of prostate cancer 
mortality was 5.8% in the ADT groups versus 13.4% in the placebo group [76]. It 
should be noted that most men in GETUG-AFU 16 had lower PSAs prior to salvage 
and more favorable parameters prior to radical prostatectomy; thus, the former trial 
may be more relevant in the high-risk setting [77].

 Treatment of Node-Positive Disease

Node-positive disease at the time of surgery does not uniformly portend failure. In 
a long-term follow-up of a highly selected group of node-positive men treated at 
Johns Hopkins without adjuvant RT or ADT over a 30-year period, the authors 
report a 15-year metastases-free and cancer-specific survival of 41.5% and 57.5%, 
suggesting that some men may indeed be cured with surgery alone [78].

However, metastases at the time of prostatectomy suggest that prostate cancer 
has already spread outside of the prostate and may therefore benefit from immediate 
systemic therapy. To assess the benefit of immediate ADT in node-positive disease, 
the Eastern Cooperative Oncology Group (ECOG) trial 3886 randomized men with 
node- positive disease at the time of radical prostatectomy to receive either immedi-
ate postoperative hormone therapy or hormone therapy upon detection of distant 
metastases. The authors report that after a median of 11.9 years, men who did not 
receive immediate ADT had worse hazard of overall survival (HR 1.84, 95% CI 
1.01–3.35), prostate cancer-specific survival (HR 4.0, 95% CI 1.76–9.49), and pro-
gression-free survival (HR 3.4, 95% CI 1.96–5.98) [79]. The addition of adjuvant 
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RT also impacts on cure in men with node-positive disease. Lawton et al. published 
reanalysis of the results of RTOG-8531 and found a marked survival benefit for 
immediate ADT and RT in node-positive disease (9-year progression rates of 33% 
versus 4%) [80]. Retrospective studies using both institutional and registry data are 
mixed regarding benefit for radiation therapy and ADT for men with nodal disease 
after prostatectomy [81–83].

 Surgery After Failure of Radiation Therapy

Recurrence of local prostate cancer after radiation therapy is typically defined 
based on measurements of serum PSA levels after radiation therapy. This can be 
complex due to the potential for a “PSA bounce” which can occur in the first 
2–3 years after radiation therapy and does not indicate recurrence. In order to stan-
dardize the identification of postradiation recurrence, definitions are in use to 
define PSA recurrence: the American Society for Therapeutic Radiology and 
Oncology (ASTRO) definition of three consecutive rises after a nadir has been 
reached with a recurrence date between the nadir and the first raise has been largely 
replaced by the RTOG- ASTRO Phoenix criteria which is defined as an increase of 
2 ng/mL over nadir [84]. While this definition is specific, it may miss some cases 
of radiorecurrent prostate cancer while still confined to the prostate and surgically 
curable [85].

When radiorecurrent cancer is caught early enough, data from high-volume cen-
ters have demonstrated the potential for durable surgical cure with salvage prosta-
tectomy [86, 87]. This unfortunately comes at the cost of significantly greater 
morbidity compared to primary radical prostatectomy including a comparatively 
high rate of rectal injury (7%) and bladder neck contractures (34%) in a large multi- 
institutional series from Memorial Sloan Kettering. The reports of urinary inconti-
nence and erectile dysfunction were also high, with 88% and 78% of men suffering 
these complications at six months [88]. Ultimately, the challenge of identifying 
radiorecurrent disease while still localized and the high side effect profile of this 
approach are significant barriers to widespread adoption of salvage prostatectomy.

 Future Directions

While there is clearly local synergy between conventional ADT and RT, there is also 
likely an effect of ADT on microscopic metastatic disease which may explain some 
of the survival benefit. Given the success of ADT plus RT, it is not surprising that 
investigators began to explore the role of neoadjuvant therapy prior to surgery. 
Trials looking at conventional ADT with radical prostatectomy in the early 1990s 
and early 2000s showed that that neoadjuvant chemotherapy may confer a substan-
tial size reduction as well as a reduction in positive margin rate, but it did not 
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improve oncologic outcomes [89]. Similar results have been found in contemporary 
registry data [90].

The success of systemic agents including both novel hormone therapies and che-
mohormonal therapies in men with metastatic hormone-sensitive and hormone- 
resistant disease has revitalized the discussion of whether systemic agents could 
improve the cure of men with high-risk localized disease in conjunction with sur-
gery or radiation. Results from the PUNCH trial were recently published. This trial 
randomized men with cT1 to cT3a and biopsy Gleason score of 8–10 or a Kattan 
preoperative nomogram probability of <60% biochemical progression-free survival 
to receive neoadjuvant docetaxel plus ADT followed by surgery versus surgery 
alone. The rate of biochemical-free survival at 8 years was significantly better in the 
neoadjuvant arm, and there was a non-significant effect toward improved overall 
survival in patients receiving neoadjuvant chemohormonal therapy (HR 0.66; 95% 
CI 0.42–1.03) [91].

Some have hypothesized that historical neoadjuvant ADT trials were limited by 
incomplete androgen ablation. Mostaghel et al. randomized 35 men with localized 
prostate cancer to goserelin in combination with (1) high-dose dutasteride (ZD), (2) 
dutasteride plus bicalutamide, or (3) dutasteride plus bicalutamide plus ketocon-
azole for 3 months before RP [92]. In their study, there was increased suppression 
of androgen signaling in the combined groups, and there were complete responses 
seen in one patient each in the two combined groups, but this was not statistically 
significant given the small numbers of men in these groups.

In castrate-resistant prostate cancer, hormonal signaling remains active in tumors 
even with castrate testosterone levels, but novel hormonal agents such as abiraterone 
acetate, enzalutamide, apalutamide, and darolutamide have shown efficacy by 
inhibiting intratumoral androgens [93–99]. The evaluation of these agents in the 
neoadjuvant setting is therefore of great interest.

A series of phase II trials examined the efficacy of novel hormone agents in the 
neoadjuvant setting (Table 4.2). Taplin et al. evaluated the effect of abiraterone ace-
tate on prostate tissue in the neoadjuvant setting among a phase II trial of 58 men 
with intermediate- to high-risk prostate cancer [100]. Patients who received 
24 weeks of abiraterone plus leuprolide (versus 12 weeks) had a higher complete 
response rate and were less likely to have pT3 disease at prostatectomy. A similar 
trial of 52 men compared enzalutamide with combined blockade with enzalutamide, 
leuprolide, and abiraterone and found that 4.3% of men achieved pathological com-
plete response and 13.0% achieved minimal residual disease in the combination 
therapy group [100, 101]. In a subsequent phase II trial, 75 men were randomized to 
receive either enzalutamide and leuprolide or enzalutamide, leuprolide, and abi-
raterone, McKay et  al. report pathologic complete response or minimal residual 
disease rate of 30% in combined group versus 16% in the enzalutamide and leupro-
lide group (p = 0.263) [102].

The endpoint of minimal residual disease appears to correlate with outcome. A 
pooled analysis of 72 men enrolled in 3 of the phase II trials for neoadjuvant hor-
mone therapy demonstrated that 15.7% had tumor measuring ≤0.5 cm (5.7% with a 
complete pathologic response and 10.0% with residual tumor measuring 0.1–0.5 cm). 
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The rate of biochemical-free recurrence among all the men in the trials was 50% 
compared to 70% predicted using the MSKCC nomogram. Importantly, none of the 
men with minimal residual disease or complete pathological response had a bio-
chemical failure at 3.4 years follow-up [103]. On the basis of these results, large 
multi-institutional, phase III trial is currently underway to evaluate apalutamide in 
the neoadjuvant versus adjuvant setting for men with high-risk localized and locally 
advanced disease [104].

 Radiation and Novel Hormone Therapies

A similar shift to employing novel hormonal agents is also underway in radiother-
apy. As is the case in with surgery, there are also several phase II trials utilizing 
second-generation hormonal agents alongside with radiation therapy. Koontz 
reported a phase II trial of 37 men with high- and unfavorable intermediate-risk 
prostate cancer who received abiraterone acetate plus ADT and radiation therapy. 
The regimen was well tolerated, and 52% of men had undetectable PSA at one year 
[105]. Similarly, de la Calle et al. recently reported the results of a phase II trial of 
16 men treated with leuprolide, enzalutamide, and radiation therapy for high-risk 
prostate cancer and had no men develop biochemical recurrence at a median follow-
 up of 28 months [106]. Phase III trials incorporating novel hormonal agents (apalu-
tamide and enzalutamide) with radiation are now underway [107, 108].

 Conclusion

High-risk prostate cancer comprises a growing subset of localized disease. Although 
definitions vary, men with this disease state are characterized by disease which is 
potentially curable but with a relatively high risk of prostate cancer mortality. 
Treatment thus often entails the combination of multiple treatment modalities 
including systemic hormone therapy, radiation, and surgery. Overall, there are sev-
eral standard-of-care treatments, which must be tailored to individual patients in a 
multidisciplinary setting. Regarding the future management of high-risk disease, 
here is considerable promise for integrating systemic therapy with both surgery and 
radiation therapy, and ongoing phase III trials will determine whether this will 
become the new standard of care.
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Chapter 5
Treatment of Metastatic 
Hormone- Sensitive Prostate Cancer

Woodson W. Smelser, Christopher J. D. Wallis, and Kelvin A. Moses

 Introduction

In both Europe and the United States, prostate cancer remains one of the most prev-
alent cancers, consistently ranking as the number two cause of male cancer mortal-
ity and the second most common malignancy [1, 2]. Of these cases, the majority of 
patients present with localized prostate cancer, yet 3–8% of men diagnosed in North 
America and Europe harbor metastatic disease at presentation [3, 4]. Rates of meta-
static disease at presentation in Asia are much higher, ostensibly due to lower rates 
of screening, and have been reported as high as 64% [5].

An understanding of the interplay between prostate cancer progression and 
metastasis and the male hormonal axis has been described for nearly 90  years. 
Seminal work by Huggins and Hodges, first reported in 1941, detailed the effect of 
castration or injection of other anti-androgens on serum phosphatases in metastatic 
prostate cancer, definitively narrowing scientific focus on the androgen axis as a 
target for treatment [6]. Thus, androgen deprivation therapy (ADT), through either 
surgical or medical castration, has remained a mainstay of treatment for nearly 
70 years (see Fig. 5.1) [7, 8]. However, even after successful androgen blockade, 
many men progress to a state of castration-resistant prostate cancer (CRPC) due to 
myriad tumor adaptations that permit eventual progression of metastatic disease 
despite castrate levels of testosterone. Historically, median time to progression to 
castration resistance with either surgical or medical castration was approximately 
18–24 months [9]. Men in this space are substantially more likely to die of prostate 
cancer, and for many years, progression into metastatic castration-resistant prostate 
cancer (mCRPC) could only be managed with palliation through additional 
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anti- androgens or mitoxantrone chemotherapy, with median survival as short as 
10–12 months [8–12].

Critical advances in the management of CRPC occurred with reports of two stud-
ies demonstrating the efficacy of taxane chemotherapy docetaxel in 2004 [13, 14]. 
Addition of docetaxel with or without estramustine to ADT in CPRC conferred an 
overall survival (OS) advantage of 1.9–2.4 months when compared to a regimen of 
mitoxantrone and prednisone [13, 14]. This represented the first improvement in 
overall survival in advanced prostate cancer since the adoption of ADT. From 2004 
to 2018, multiple agents were approved in the CRPC space due to improvements in 
overall survival. Overall, seven therapeutics ultimately received approval in CRPC 
during this period (see Fig.  5.2): docetaxel, cabazitaxel (another taxane 

Drug Class

Gondatropin-Releasing
   Hormone (GnRH)
   Agonist

GnRH Antagonists

Adrenal Ablating Drugs

Androgen Receptor
   Antagonists

5α-Reductase Inhibitors

Drugs Site of Action Mechanism of Action Comments/Risks

Testosterone Surge

Anaphylaxis

Testosterone

Directly Inhibits
   GnRH Receptors

Decreases Androgen Synthesis
   From Steroid Precursors
   Through Inhibition of
   Cytochrome P450 Enzymes

Inhibits Androsen Receptor
   Ligand-Binding Domain
   Through Competitive Binding

Decreases Conversion of
   Testosterone to DHT
   Through Inhibition of
   5α-Reductase

Administration
  Requires Steroid
  Supplementation
  to Prevent Adrenal
  Insufficiency

Gynecomastia,
   Increased Liver
   Transaminases,
   and Mastodynia

No Defined Role
  in Standard Care
  of Prostate Cancer

Decreases Release of LH
   Through Down-regulation
   of GnRH Receptors

Anterior Pituitary
   Gland

Anterior Pituitary
   Gland

Adrenal Gland

Prostate Gland

Prostate Gland

Leuprolide
Goserelin

Abarelix*

Ketoconazole

Flutamide
Bicalutamide
Nilutamide

Finasteride
5α-Reductase

DHT

Androgens
P450

Cytochrome

Steroid
Precursors

ACTH

GnRH

LH

Fig. 5.1 Hormonal interventions and endocrine axis in prostate cancer. (Request permission for 
use from Springer: Sharifi [66]. https://doi.org/10.1007/978- 1- 60327- 829- 4_9. Chapter 9, Fig. 9.1 
Hormonal interventions and endocrine axis in prostate cancer)

Docetaxel
(mCRPC)

2004

Cabazitaxel
Sipuleucel-T

(mCRPC)
2010

*Pre-docetaxel chemotherapy
**Post-docetaxel chemotherapy
***Level 1 trial data supporting use without new
FDA approval

Enzalutamide*
Abiraterone**

(mCRPC)
2012

Enzalutamide**
(mCRPC)

2014

Pembrolizumab
Targeting mismatch repair

defect
(mCRPC)

2017

Apalutamide
Enzalutamide

(mHSPC)
2019

Olaparib
Targeting

hormalogous
recombination repair

mutation
(mCRPC)

2020

Abiraterone*
(mCRPC)

2011

Radium 223
(mCRPC)

2013

Docetaxel***
(mHSPC)
2015/2016

Abiraterone
(mHSPC)

2018

Rucaparib
Targeting BRCA

mutation
(mCRPC)

2020

Fig. 5.2 Timeline of approval of therapeutic agents in metastatic prostate cancer. (Original figure)

W. W. Smelser et al.

https://doi.org/10.1007/978-1-60327-829-4_9


99

chemotherapy), sipuleucel-T (an antitumor immunotherapy), abiraterone acetate 
(an androgen synthesis inhibitor), radium 223 (an alpha-particle-emitting radiother-
apy), and enzalutamide and apalutamide (so-called novel anti-androgens) [13–22]. 
Additionally, three additional agents have been approved for use in the mCRPC 
space based upon the results of genetic testing: pembrolizumab (for DNA mismatch 
repair positive tumors), rucaparib (for BRCA-positive tumors), and olaparib (for 
homologous recombination repair gene mutations) [23].

As a result of the innovation in CRPC, a paradigm shift began to occur, and a new 
disease space  – metastatic hormone-sensitive prostate cancer (mHSPC)  – was 
defined to explore application of novel agents that demonstrated a survival benefit 
in CRPC. Since 2016, this rapidly evolving landscape has seen the approval of four 
new agents for treatment of mHSPC: docetaxel, abiraterone acetate, enzalutamide, 
and apalutamide (see Fig. 5.2). Approval of all of these therapies was based upon 
demonstrated improvement in overall survival. Each of these agents and the trials 
demonstrating their efficacy will be discussed in detail below.

 Agents Demonstrating Overall Survival Improvement 
in mHSPC

 Docetaxel

Docetaxel is a taxane-based chemotherapy that was an early emerging treatment 
with evidence of improvement of overall survival in metastatic prostate cancer. 
Taxanes are diterpene molecules derived from the plant genus Taxus or yews. They 
work by impeding cellular division through inhibition of microtubule formation by 
stabilizing tubulin bound to guanidine diphosphate (GDP) preventing mitotic divi-
sion [24]. These agents first demonstrated efficacy in ovarian cancer and later were 
applied to the metastatic prostate cancer space [24]. Docetaxel was first applied in 
mCRPC as discussed above and was the first chemotherapy agent to demonstrate an 
improvement in overall survival when added to standard ADT [13, 14]. The first 
trial to evaluate the use of docetaxel in addition to ADT in men with mHSPC was 
the GETUG-AFU 15 trial which reported results in 2013 [25]. From 2004 to 2008, 
385 men with pathologically confirmed prostate cancer and metastatic disease 
proven on radiographic imaging were enrolled at 29 centers in France and 1  in 
Belgium. Men who had previously received chemotherapy were excluded. Androgen 
deprivation with either orchiectomy or medical castration was compared to 
ADT + docetaxel which was administered IV for up to nine total cycles at a dose of 
75 mg/m2 every 21 days. Interestingly, this randomized, open-label, phase III trial 
was negative, demonstrating no improvement in overall survival at a median follow-
 up of 83  months in patients receiving over ADT  +  docetaxel versus ADT alone 
(48.6 months vs 62.1 months, HR 0.88, 95% CI 0.68–1.14, p = 0.3). Additionally, 
no serious adverse events were observed in the ADT group compared to a signifi-
cant burden of serious side effects in the ADT  +  docetaxel group, including 
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neutropenia in 21% of patients, febrile neutropenia in 3%, neutropenia with severe 
infection in 1%, and abnormal liver function tests (LFTs) in 2% [25].

Despite the disappointing outcome of GETUG-AFU 15, the results of two sub-
sequently published trials did demonstrate a significant improvement in overall sur-
vival in men with mHSPC who received docetaxel in addition to ADT [25, 26]. 
First, the results of the Androgen Ablation Therapy With or Without Chemotherapy 
in Treating Patients With Metastatic Prostate Cancer Trial (CHAARTED) was 
reported in 2015 in the New England Journal of Medicine [26]. In this randomized 
controlled trial, 790 men with metastatic prostate cancer were enrolled to receive 
ADT or ADT plus docetaxel. Like GETUG-AFU 15, patients were included who 
had a histological diagnosis of prostate cancer, radiographically proven metastatic 
disease, good to fair (0–2) Eastern Cooperative Oncology Group (ECOG) status, 
and lack of major organ dysfunction (renal, hepatic, or hematologic). Patients who 
had prior chemotherapy were excluded, but patients were allowed to have received 
prior ADT, as long as treatment duration was <2 years or had been initiated within 
the last 3 months due to newly diagnosed metastatic disease. Again, patients in the 
ADT arm were allowed either medical or surgical castration, and patients in the 
experimental arm received ADT plus docetaxel IV 75 mg/m2 every 21 days [26].

The results of this trial were much more encouraging in favor of addition of 
docetaxel to standard ADT. Mean age in this trial was 63 years, and median follow-
 up was 28.9 months, with a median overall survival of 57.6 months in the docetaxel/
ADT group versus 44 months in the ADT-only group (HR 0.61, 95% CI 0.47–0.80, 
p  <  0.0001). This 13-month overall survival advantage did come at the cost of 
increased toxicity, with the most common Grade 3 or 4 adverse events observed 
being febrile neutropenia (6.2%), neutropenia with infection (2.3%), and sensory or 
motor neuropathy in 0.5%. Additional benefits of docetaxel also included a lower 
incidence of prostate cancer deaths, longer time to development of castration resis-
tance, and higher rate of PSA decline to <0.2 ng/ml by 12 months post- administration 
[26]. Furthermore, CHAARTED was also unique to GETUG-AFU 15 in that sub-
group analysis was performed stratifying patients by volume of metastatic disease, 
with high-volume disease (HVD) defined as greater than or equal to 4 bone metas-
tases, with at least one outside of the spine or pelvis and/or visceral metastases. 
Notably, this classification for volume of metastatic disease would be used in mul-
tiple future trials, and an even more substantial benefit was observed with the addi-
tion of docetaxel in patients with HVD, with median survival increased by 17 months 
(HR 0.60, 95% CI 0.45–0.81, p < 0.0001) [26].

Like the results of CHAARTED, the data from the STAMPEDE trial also dem-
onstrated an improvement in overall survival with addition of docetaxel to standard 
ADT [27]. The STAMPEDE trial was a multi-arm, multi-stage randomized con-
trolled trial which was performed in the United Kingdom. This trial examined the 
use of docetaxel in a 4-arm study, in which men with mCSPC, nodal disease, and 
high-risk localized prostate cancer were randomized in a 2:1:1:1 ratio to receive 
either the standard of care, ADT (Arm A), ADT + zoledronic acid (Arm B), ADT+ 
docetaxel (Arm C), or ADT+ docetaxel + zoledronic acid (Arm E). In total, 2962 
men were enrolled, and results were published in 2016. Since this trial enrolled men 
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with high-risk localized and metastatic hormone-sensitive prostate cancer, it is 
important to note that 61% of participants had metastatic disease at enrollment. 
When examining the standard of care arm (Arm A) with the group receiving 
ADT  +  docetaxel (Arm C), overall survival was improved (HR 0.62, 95% CI 
0.51–0.76, p < 0.0001). Notably, no survival advantage was noted with the addition 
of zoledronic acid to either therapy [27].

Given the discrepancy between the results of GETUG-AFU 15 and both 
CHAARTED and STAMPEDE, the authors of the GETUG-AFU 15 study per-
formed a retrospective subgroup analysis of their trial in 2016, this time stratifying 
patients by the number and site of metastatic disease using the CHAARTED crite-
ria. In this analysis, they noted an overall survival advantage of 4.7  months in 
patients with high-volume disease as classified by CHAARTED, affirming the 
greater benefit seen in patients with HVD [24, 27]. Additionally, the authors and 
other reviewers of both trials have noted that the baseline characteristics of patients 
in CHAARTED were different than GETUG-AFU 15 with a higher proportion of 
patients in CHAARTED having higher median PSA (median >50 in CHAARTED 
versus median of ~25  in GETUG-AFU 15). Furthermore, more patients in 
CHAARTED had HVD (64% in ADT arm and 66% in ADT + docetaxel arm) com-
pared to GETUG-AFU 15 (47% in the ADT arm and 48% in the ADT + docetaxel 
arm). These factors likely explain the discrepancy in outcomes between the initial 
analysis of both trials [25, 26, 28, 29].

Finally, a systematic review and meta-analysis of all three trials has since been 
performed to examine the benefits of addition of docetaxel to ADT.  In total, the 
three trials included 2951 men, and the authors examined the benefits on both over-
all survival and progression-free survival (PFS) of docetaxel in addition to ADT. All 
three studies demonstrated a statistically significant benefit in OS with docetaxel 
(HR 0.72, 95% CI 0.06–0.9, p  =  0.0002). No difference was observed between 
high- and low-volume diseases in this analysis. Similarly, PFS was improved in 
men receiving docetaxel in all three studies (HR 0.63, 95% CI 0.57–0.70), with a 
27% overall risk reduction of death in all patients with metastatic disease and a 
further overall risk reduction of 33% in patients with high-volume disease (HR 
0.67) [30].

Thus, given the three well-designed trials described above, each of which has 
shown benefit in overall and progression-free survival in at least some men with 
mHSPC, docetaxel is being increasingly utilized as a first-line agent. However, 
addition of chemotherapy to ADT does come at the cost of increased risks of adverse 
events as demonstrated by all three trials in this space. Namely, the most serious, 
though uncommon, adverse events in these trials included neutropenia, neutropenia 
with fever or infection, fatigue, and, in rare cases, death, and patients must be coun-
seled accordingly. Patient selection is critically important in choosing docetaxel as 
a first-line therapy in mHSPC, as all trial participants were relatively healthy, as 
men with hematologic, renal, hepatic dysfunction or poor performance status were 
excluded [25–27]. Nevertheless, in a disease with progression-free survival that was 
previously measured in months, the addition of docetaxel to ADT has the potential 
to add substantial survival benefit.
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 Abiraterone Acetate

Following the level one evidence supporting the use of docetaxel for mHSPC in 
2015/2016, the next agent that eventually gained US Food and Drug Administration 
(FDA) approval specifically for first-line therapy mHSPC was abiraterone acetate. 
This agent received approval in 2018 on the basis of analysis from two studies: 
LATITUDE and STAMPEDE [31, 32]. Abiraterone acetate is an orally adminis-
tered androgen biosynthesis inhibitor that was first developed for use in mCRPC 
[33–35]. It is well established that prostate cancer overcomes androgen deprivation 
to develop castration resistance through a number of modifications: changes to the 
androgen receptor (AR), upregulation of extragonadal androgen sources, cellular 
modifications to increase intratumoral steroidogenesis despite castrate testosterone 
levels, and upregulation of nuclear transcription factors to allow androgen receptor- 
mediated gene transcription [35, 36]. Abiraterone acetate is a prodrug of abiraterone 
that induces an antitumor response by selectively and irreversibly inhibiting cyto-
chrome P17 (CYP17), resulting in disruption of adrenal androgen biosynthesis 
[33–35]. Due to disruption of the androgen pathway, and concurrent downstream 
effects on non-androgen steroids, it is administered with prednisone [22, 33].

LATITUDE, one of the two randomized trials to evaluate abiraterone acetate in 
mHSPC, was reported in 2017. This multinational, phase III randomized controlled 
trial enrolled men with mHSPC with at least two of the three high-risk features: at 
least three bony lesions, visceral metastases, or Gleason score greater than or equal 
to 8. Patients were stratified by the presence or absence of visceral disease and per-
formance status (ECOG 0 or 1 versus 2). Men were randomized to receive 
ADT + abiraterone acetate 1000 mg daily +5 mg or prednisone or ADT + placebo. 
Overall survival was significantly higher in the experimental group at 66% versus 
49% in the control group at planned interim analysis with 30.4 months of median 
follow-up. Median overall survival was not reached in the abiraterone group versus 
34.7  months in the placebo group. Relative risk reduction for patients receiving 
abiraterone acetate in addition to ADT was 38% (HR 0.62, 95% CI 0.51–0.76). The 
median length of radiographic progression-free survival was 33 months in the abi-
raterone group compared to only 14.8 months in the placebo group (HR for disease 
progression or death, 0.47; 95% CI, 0.39 – 0.55; P < 0.001) [31]. Adverse events 
lead to discontinuation in 12% versus 10% of patients in the abiraterone versus 
placebo group, respectively. Dose interruption or modification occurred in 32% of 
patients receiving abiraterone compared to only 17% in the placebo group. The 
most common side effects were hypertension and hypokalemia due to mineralocor-
ticoid effects of abiraterone. Grade 3 or 4 hypertension occurred in 30% of patients 
in the abiraterone group versus 0.2% of patients in the placebo group. Similarly 
Grade 3 or 4 hypokalemia occurred in 11% of patients in the abiraterone group 
versus only 1% of patients receiving placebo [31]. Counseling patients on these 
anticipated effects and monitoring blood pressure and serum chemistry while on 
therapy is of paramount importance.

Like LATITUDE, the STAMPEDE trial also evaluated the use of abiraterone 
acetate in one of the investigational arms of this multi-arm trial. As stated earlier, 
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STAMPEDE enrolled men with metastatic disease, nodal disease, and high-risk 
localized prostate cancer. Arm G of the trial evaluated men with these disease char-
acteristics and enrolled them to receive either 100 mg daily of abiraterone acetate 
+5 mg of prednisone or ADT alone (Arm A). In total, 1917 men were randomized 
and analyzed, with 52% of patients in this group having metastatic disease. At a 
median follow-up of 3 years, overall survival was significantly higher in the abi-
raterone group (Arm G) at 83% compared to 76% in the ADT group (HR 0.63, 95% 
CI 0.52–0.76, p < 0.0001). This was similar to the magnitude of improvement seen 
in LATITUDE, but with slightly longer follow-up. Side effects were also more prev-
alent in the abiraterone arm of this trial than in the arm receiving ADT alone, with 
Grade 3 or greater adverse events observed in 47% of patients versus 33%, respec-
tively [32].

Thus, based upon the level one evidence of benefit of addition of abiraterone 
with prednisone to standard ADT demonstrated in both LATITUDE and 
STAMPEDE, current guidelines for management of advanced prostate cancer now 
recommend consideration of abiraterone acetate plus prednisone and ADT as a first- 
line option for men with newly diagnosed metastatic hormone-sensitive prostate 
cancer [37, 38].

 Novel Anti-Androgens

Beginning in 2019, new trial data emerged demonstrating the efficacy of a newer 
class of agents which had also been previously approved in metastatic castration- 
resistant prostate cancer: novel anti-androgens [18–20]. Novel anti-androgen agents 
work by targeting multiple sites on the androgen receptor to influence receptor sig-
naling, with minimal to no agonist activity. They accomplish this by impairing DNA 
binding to the androgen receptor, reducing nuclear translocation of the AR, and 
decreasing recruitment of co-activators of the AR [39–41].

Two of these agents, apalutamide and enzalutamide, received approval in 
September and then December 2019, respectively. Each of these therapies is now 
listed as Category 1 recommendations in the National Comprehensive Cancer 
Network (NCCN) guidelines for mHSPC [38]. The data supporting their use in this 
space, as well as considerations regarding side effects, will be discussed individu-
ally below.

 Apalutamide

Apalutamide is a NAA that was developed as an oral agent for treatment of advanced 
prostate cancer. As described above, it inhibits the androgen receptor through selec-
tive, competitive inhibition without agonist activity [40]. The TITAN trial evaluated 
the efficacy of apalutamide in mHSPC and was reported in 2019. The TITAN trial 
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was a two-arm, double-blinded, randomized controlled phase III trial in which 1052 
men were randomized to receive apalutamide plus ADT (n = 525) or ADT plus pla-
cebo (n = 527). Men were allowed to have received up to six cycles of prior chemo-
therapy with docetaxel (10.7% of patients), and 16.4% of patients had received prior 
localized therapy with prostatectomy or radiation, making this a significantly pre-
treated cohort. Furthermore, 62.7% of patients had high-volume disease as defined 
by CHAARTED criteria, while 37.3% had low-volume disease (LVD). Ultimately, 
receipt of apalutamide conferred a 33% lower risk of death over ADT and placebo, 
with overall survival of 82.4% in the apalutamide group compared to 73.5% in the 
placebo group at an interim follow-up of 24 months (HR for death 0.67, 95% CI 
0.51–0.89, p = 0.005). In subgroup analysis, apalutamide demonstrated a consistent 
survival benefit in groups stratified by receipt of docetaxel, Gleason score, and vol-
ume of disease, indicating that apalutamide remained highly active in these men 
[42]. Apalutamide was overall well tolerated in this study, with no significant differ-
ence in the rate of Grade 3 or 4 adverse events between the experimental and placebo 
groups (42.2% versus 40.8%). Discontinuation occurred due to disease progression 
most frequently and occurred due to toxicity in on only 8% of patients in the apalu-
tamide group compared to 5.2% in the placebo group. Furthermore, the most com-
monly observed serious (Grade 3 or >) adverse effect in the apalutamide group was 
rash, which was seen in 27.1% of patients versus 8.5% in the placebo group [42].

 Enzalutamide

Like apalutamide, enzalutamide is another selective, competitive inhibitor of the 
androgen receptor with no agonist activity [39, 41]. The efficacy of enzalutamide at 
extending survival in mCRPC had previously been demonstrated [18]. Two trials, 
both of which were also published in 2019, examined enzalutamide in mHSPC and 
demonstrated an overall survival advantage [43, 44]. This ultimately has led to FDA 
approval for use in this indication in December of 2019.

The first notable study of enzalutamide in mHSPC was the ARCHES trial. This 
trial evaluated 1150 men with mHSPC with good performance status, histologically 
proven prostate cancer, and radiologic evidence of metastatic disease at the time of 
enrollment. Like the TITAN trial with apalutamide, men were allowed to enroll if 
they had received prior localized therapy or if they had received prior docetaxel. In 
this trial, 17% of men at baseline had received prior docetaxel (versus 10% in 
TITAN). Men were also allowed to participate if they had received prior ADT as 
long as they did not have evidence of castration resistance on enrollment labs. 
Patients were randomized in a 1:1 ratio to receive either enzalutamide 160 mg oral 
daily plus ADT or ADT plus placebo. Per CHAARTED criteria, 63% of men 
enrolled had high-volume disease. However, unlike other trials in this space, the 
primary endpoint was radiographic progression-free survival (rPFS), with imaging 
performed at screening and then quarterly thereafter during treatment until progres-
sion or death. Interim analysis was performed at a median follow-up of 14.4 months, 
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and rPFS was improved in the group receiving enzalutamide over placebo, with a 
risk reduction of 66% (HR 0.39, 95% CI 0.30–0.50, p < 0.001). Importantly, the 
effect was maintained in subgroup analyses of men who had received prior chemo-
therapy with docetaxel and in low- and high-volume disease. Additionally, enzalu-
tamide conferred a favorable advantage on secondary endpoints such as time to 
initiation of new therapies, PSA progression, and rate of undetectable PSA [43]. 
Overall survival data for this trial is still pending, but given the improvement in all 
of the aforementioned endpoints favoring enzalutamide, it is now recommended as 
a first-line option for men with mHSPC [38].

A second trial supporting the use of enzalutamide was also published in 2019, 
the ENZAMET trial. This was a multinational phase III randomized controlled trial 
which was published in the New England Journal of Medicine. The study enrolled 
1125 men with mHSPC and, like ARCHES, allowed men to have received prior 
docetaxel and also utilized this as a factor for stratification. Patients who had 
received docetaxel made up 45% of the total cohort, making this a heavily pre- 
treated group. Patients were randomized to receive either 160 mg of oral enzalu-
tamide daily or a standard nonsteroidal anti-androgen such as bicalutamide, 
flutamide, or nilutamide in addition to either medical or surgical androgen depriva-
tion therapy. Like similar trials in this space, men in the trial had to have histologi-
cally proven prostate cancer, radiographic evidence of metastatic disease, and good 
performance status. Men were also allowed to have received prior ADT, but it must 
have been discontinued for at least one year prior to trial enrollment. Unlike 
ARCHES, which utilized progression-free survival, this trial utilized overall sur-
vival as a primary endpoint. At a median follow-up of 34 months, overall survival 
was greater in the enzalutamide group compared to those receiving standard anti- 
androgen (HR 0.67, 95% CI 0.52–0.86, p = 0.0002). Overall survival estimated via 
Kaplan-Meier methods at 3 years was 80% in the enzalutamide group compared to 
72% in the standard-care group. As in ARCHES, PSA progression-free survival was 
also improved in the enzalutamide group (HR 0.39, p < 0.001). Furthermore, clini-
cal progression-free survival was also improved in the patients receiving enzalu-
tamide (HR 0.40, p < 0.001) [44].

In both ARCHES and ENZAMET, toxicity from receipt of enzalutamide was 
significant, and the most concerning side effects were de novo neurologic effects 
[43, 44]. Seizures were observed at a significantly higher rate in the enzalutamide 
group (1% versus 0%) in the ENZAMET trial. Furthermore, receipt of prior 
docetaxel increased the likelihood of developing grade II or greater peripheral neu-
ropathy (9% versus 0%) compared to patients with no prior docetaxel. Receipt of a 
longer duration of therapy was also a risk factor for adverse events [44]. Interestingly, 
in the ARCHES trial, grade III or greater adverse effects were observed in 24.3% of 
patients in the enzalutamide group compared to 25.6% in the ADT group, without a 
significantly higher rate of neurologic effects observed [43]. Nevertheless, given the 
seriousness of possible neurologic adverse events, patients should be thoroughly 
counseled and then monitored for development while on therapy. Receipt of prior 
docetaxel is a clinical factor that can identify patients who are at greater risk, par-
ticularly for development or progression of peripheral neuropathy (Table 5.1).
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 Agents with No Proven Benefit in mHSPC

Through the intense examination of multiple mechanisms of action to treat meta-
static prostate cancer, investigators have identified a number of agents that do not 
confer a benefit in overall survival. Two classes of agents, bisphosphonates and 
nonsteroidal anti-inflammatory drugs (NSAIDs), have been well studied, but do not 
increase survival in men with metastatic prostate cancer.

 Bisphosphonates

Bisphosphonates are a class of drugs that, as their name implies, contain two phos-
phonate groups (PO(OH)2) and are used to treat or prevent osteoporosis [45]. In 
metastatic prostate cancer, it was hypothesized that they would improve patient 

Table 5.1 Summary of evidence, dosing, and side effects of agents in metastatic hormone- 
sensitive prostate cancer

Agent (Trade 
name)

Level 1 evidence
Supporting use Source Dosing Side effects

Docetaxel 
(Taxotere)

GETUG-AFU15 
(2013) CHAARTED 
(2015) STAMPEDE 
(2016)

Gravis et al. 
[25]
Sweeney 
et al. [26]
James et al. 
[27]

75 mg/m2 every 
3 weeks, for 
6 cycles

Hair loss
Nausea/vomiting
Neutropenia
Thrombocytopenia
Neurotoxicity

Abiraterone 
acetate (Zytiga)

LATITUDE
(2017)
STAMPEDE (2017)

Fizazi et al. 
[31]
James et al. 
[32]

1000 mg daily 
+ prednisone 
5 mg twice 
daily

Hypertension
Peripheral edema
Hypokalemia
Diarrhea
Urinary tract infection

Apalutamide 
(Erleada)

TITAN (2019) Chi et al. 
[65]

240 mg daily Fatigue
Rash
Diarrhea
Nausea
Arthralgia
Weight loss
Falls
Interactions with 
medications due to 
CYP450 induction

Enzalutamide 
(Xtandi)

ARCHES (2019)
ENZAMET (2019)

Armstrong 
et al. [43]
Davis et al. 
[44]

160 mg daily Seizures
Fatigue
Gynecomastia
Diarrhea
Hot flashes
Headaches
Interactions with 
medications due to 
CYP450 induction
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survival by preventing or postponing the occurrence of skeletal-related events 
(SREs) due to the effects of prostate cancer. However, a number of trials examining 
this hypothesis have been negative. First-generation bisphosphonates such as 
sodium clodronate were first examined in randomized trials in the early 2000s. In 
the MRC PR05 trial, 311 men with metastatic prostate cancer were randomized to 
receive sodium clodronate by mouth or an oral placebo. There is no statistical dif-
ference in the overall survival or bone progression-free survival at a median follow-
up of 59  months [46]. Furthermore, the STAMPEDE trial utilized various 
combinations of zoledronic acid, a second-generation bisphosphonate with or with-
out ADT or docetaxel. However, this trial demonstrated no evidence of an overall 
survival advantage with addition of zoledronic acid to docetaxel (HR 1.06, 95% CI 
0.86–1.30, p = 0.592).

Focused examination of bisphosphonates in mHSPC was examined in two spe-
cific trials, the CALGB 90202 and the ZAPCA trials, neither of which demon-
strated an advantage in overall survival [47, 48]. The CALGB 90202 trial was 
completed in 2014 and randomized men with mHSPC on ADT which had been 
initiated within the prior 6 months to receive either zoledronic acid at a dose of 
4 mg IV every 4 weeks or a placebo. There was no benefit demonstrated in the 
primary endpoint, which was increased time to first SRE.  There was also no 
improvement seen in bone-related PFS or overall survival in the group receiving 
zoledronic acid [47]. Similarly, the ZAPCA trial was reported in 2017 and ran-
domized 227 men with mHSPC to receive ADT or ADT in addition to zoledronic 
acid. Again, no benefit was observed in overall survival, time to treatment failure, 
clinical progression, skeletal related events, death, or time to discontinuation of 
treatment with zoledronic acid added to standard therapy. One subgroup, men with 
a PSA < 200 at enrollment, had an increased time to reaching castration resistance 
with receipt of zoledronic acid, with time to treatment failure of 23.7 months com-
pared to 9.8  months in the ADT only group (HR 0.58, 95% CI 0.35–0.93, 
p = 0.023).

Based upon the data of the three trials described above, current guidelines sup-
port the use of bisphosphonates for maintenance of bone health in men with meta-
static prostate cancer, but no data has demonstrated an improvement in overall 
survival [38]. Nevertheless, bisphosphonates make up an important element of over-
all supportive management of men with metastatic prostate cancer.

 Nonsteroidal Anti-Inflammatory Drugs (NSAIDs)

Like bisphosphonates, examination of cyclo-oxygenase-2 (COX-2) inhibitors such 
as celecoxib, a subclass of NSAIDS, has not yielded positive results in terms of 
improvement in survival. The proposed mechanism of action of NSAIDs in the 
metastatic prostate cancer space is drawn from pre-clinical and population-level 
studies that have demonstrated elevated levels of prostaglandins due to upregulation 
of COX-2 in prostate cancer and a lower incidence of prostate cancer in men with 
higher intake of NSAIDs [49–52]. To this end, the STAMPEDE trial had an early 
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arm (Arm D) that investigated addition of the NSAID celecoxib 400 by mouth twice 
a day for 1 year or until disease progression. Celecoxib was utilized due to overall 
better tolerability than some other NSAIDs.

 Comparative Efficacy and Sequencing of Agents in mHSPC

With the approval of four new agents with level 1 evidence supporting their use in 
the mHSPC space, the next challenge facing clinicians has been determining the 
ideal agent and sequencing of agents, including considerations regarding tailoring 
therapy to patient performance status, baseline disease burden, and location of 
metastases. To this end, several meta-analyses have been performed to examine 
comparative effects of each treatment, though no head-to-head trial of the four 
agents has been performed (Table 5.2).

The first such study published in 2018 utilized a comparative network meta- 
analysis to examine the outcomes of GETUG-AFU 15, the docetaxel and abi-
raterone arms of STAMPEDE, CHAARTED, and LATITUDE. This paper included 
6067 patient outcomes from the 5 studies. This trial specifically investigated differ-
ences between abiraterone and docetaxel, and indirect comparison between ADT 
plus docetaxel and ADT plus abiraterone demonstrated no overall survival advan-
tage between the two agents. However, analysis by Bayesian methods with surface 

Table 5.2 Summary of meta-analyses comparing clinical and cost-efficacy of therapies in 
metastatic hormone-sensitive prostate cancer

Source Year
Number 
of patients Agents compared Key findings

Wallis et al. 2018 6067 Abiraterone, docetaxel No OS advantage between agents
Bayesian analysis predicted with 
89% probability that abiraterone 
is the preferential first-line agent

Sathianathen 
et al.

2019 8837 Docetaxel, abiraterone, 
apalutamide, 
enzalutamide, ADT alone

OS advantage of all 4 agents over 
ADT alone confirmed
SUCRA analysis suggested 
enzalutamide is the ideal first-line 
agent

Sathianathen 
et al.

2019 N/a Docetaxel, abiraterone Docetaxel was far superior on 
cost-efficacy modeling

Marchioni 
et al.

2020 10,800 Docetaxel, abiraterone, 
apalutamide, 
enzalutamide, ADT alone

OS advantage of all 4 agents over 
ADT alone confirmed
No OS advantage demonstrated 
when comparing docetaxel to 
anti-androgens
Novel anti-androgens 
enzalutamide and apalutamide 
demonstrated the best overall 
safety profile
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under the cumulative ranking (SUCRA) scoring suggested with 89% probability 
that abiraterone is the preferential first-line agent [53]. A 2019 meta-analysis by 
Sathianathen et al. examined outcomes of novel anti-androgens from the TITAN 
and ENZAMET studies in addition to the five trials listed above. Not surprisingly, 
they again demonstrated an overall survival advantage to all four agents approved in 
mHSPC over ADT alone but no statistically significant benefit of any one agent over 
the others. In contrast to the study by Wallis et al., this study suggested that enzalu-
tamide may be the optimal agent, again by using SUCRA analysis [54]. This ques-
tion remains unclear without direct comparisons. Finally, a 2020 meta-analysis by 
Marchioni et al. examined 13 total trials of novel anti-androgens, docetaxel chemo-
therapy, and abiraterone using an indirect comparison. The primary outcomes of 
interest in the meta-analysis were overall survival, progression-free survival, and 
rate of high-grade adverse events. From this analysis the authors determined that 
abiraterone, and the novel anti-androgens apalutamide and enzalutamide, though 
better tolerated with a better safety profile, demonstrated no benefit in overall sur-
vival when compared to docetaxel. However, there was a trend towards overall 
lower mortality with abiraterone, apalutamide, and enzalutamide compared to 
docetaxel and a statistically significant difference in PFS for the three former treat-
ments. Overall adverse event rate was significantly lower for the novel anti-andro-
gens compared to docetaxel or abiraterone [55]. Further comparisons of these 
agents, preferably some direct in design, will continue to emerge.

Regarding sequencing of agents for men with metastatic hormone-sensitive pros-
tate cancer, very limited data exists at this time, and performance status and compet-
ing comorbidities often act as surrogate decision points influencing the initial and 
subsequent agents to use. Patients with better performance status are generally eli-
gible for chemotherapy and all of the anti-androgens. Nevertheless, there remains 
no clear consensus regarding which agent to utilize, and the current NCCN guide-
lines make no indication of preference [38]. Patient preference may also play a role, 
as the oral agents that can be administered at home (abiraterone, enzalutamide, and 
apalutamide) may be preferable over intravenous infusion in a clinic setting. Cost 
remains a challenge for all of these agents, and patients receiving novel anti- 
androgens are at risk for financial toxicity due to the high monthly costs of treat-
ment. Though these costs are extremely variable depending upon geographic 
location, in the United States, retail costs of each of these drugs can easily exceed 
$350 dollars per day, or more than $11,000 per month, for the lowest-cost regimens 
as of December 2020 [56]. Clearly, determining optimal drug sequencing has not 
only significant disease-oriented but also patient-oriented implications, particularly 
in regard to cost. It is also unclear in the United States and in other developed coun-
tries if transition to generic versions of drugs (such as abiraterone which went off 
patent in 2018) will effectively drive down costs. A comparative health economic 
cost-effectiveness analysis of docetaxel versus oral agents published in 2019 favored 
docetaxel by a great margin over abiraterone. This analysis estimated that the 
monthly cost of abiraterone would have to drop below $3100 per month to be cost- 
effective when compared to abiraterone [57]. However, the economics of each of 
these agents remains highly variable, making comparisons of cost-efficacy difficult 
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across jurisdictions. Certainly, additional analysis to determine ideal sequencing is 
a large unmet need in mHSPC.

 Localized Therapies: Surgery, Radiation to the Primary 
Tumor, and Metastasis-Directed Therapies 
in Oligometastatic HSPC

In addition to utilization of systemic agents in mHSPC, examination of localized 
therapies, either towards the primary tumor or metastasis-directed (MDT), has also 
been performed or is ongoing. There is an important paradigm to acknowledge: the 
concept of oligometastatic prostate cancer, which represents a previously occult 
disease state that is now detectable due to increased imaging sensitivity. This has 
raised several questions regarding benefit of therapy directed at this disease state. Is 
surgery or radiation directed at the primary site superior when compared to either 
observation or in some combination with systemic therapy? Is therapy directed at 
low-volume metastatic sites beneficial either alone or concomitantly with systemic 
therapy? A 2014 study performed by Culp and colleagues investigated the 
Surveillance, Epidemiology, and End Results (SEER) database for men diagnosed 
with metastatic prostate cancer (M1) between 2004 and 2010 who had either under-
gone treatment of their primary tumor with either radical prostatectomy (RP) or 
brachytherapy (BT) or received no localized treatment. The authors identified 8185 
men who met these criteria, with 245 men having received RP, 129 received BT, and 
7811 received no local therapy. Interestingly, receipt of local therapy was signifi-
cantly associated with improved disease-specific survival (DSS) and overall sur-
vival compared to patients receiving no therapy. Overall and disease-specific 
survival were 67.4% and 75.8%, respectively, in men undergoing RP, compared to 
52.6% (OS) and 61.3% (DSS) in men who received BT, and only 22.5% (OS) and 
48.7% (DSS) in the men who received no locally directed therapy. Furthermore, 
receipt of RP or BT was also both associated with a statistically significant decrease 
in cancer-specific mortality, decreased local/pelvic symptoms, and complications 
related to disease progression [58].

These findings have generated significant interest in investigating the effect of 
local therapy in oligometastatic disease, and a high-quality randomized controlled 
trial, Southwest Oncology Group (SWOG) 1802, is now underway to help answer 
this question. This trial (NCT03678025) is a phase III randomized controlled trial 
examining standard systemic therapy (SST) to include ADT with or without the 
newer agents approved in mHSPC discussed above compared to SST plus definitive 
local therapy with either radical prostatectomy or external beam radiation therapy 
(EBRT) within 8 weeks of randomization. The primary outcome is overall survival, 
and secondary outcomes include rate of symptomatic local progression and 
progression- free survival. Other important outcomes include comparative quality of 
life and other patient-oriented outcomes between the groups. This trial was actively 
accruing at over 250 sites as of December 2020 [59].
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Regarding the benefit of radiation therapy directed to the primary tumor in meta-
static prostate cancer, in addition to the SEER analysis by Culp that demonstrated 
benefit with receipt of brachytherapy, two other trials have specifically examined 
this hypothesis. First, the STAMPEDE trial included a specific arm (Arm H) in its 
multi-arm, multi-stage design that examined the effect of ADT +/− docetaxel (stan-
dard therapy) versus standard therapy plus EBRT to the primary tumor. The authors 
hypothesized based upon retrospective data that addition of EBRT to standard sys-
temic therapy would improve overall survival, which they utilized as the primary 
outcome. Important secondary outcomes included failure-free survival, progression- 
free survival, metastatic progression-free survival, prostate cancer-specific survival, 
and symptomatic local event-free survival. The results of this arm of the trial were 
reported in 2018. Overall, 2061 men were randomized to receive either systemic 
therapy (n = 1029) or systemic therapy plus EBRT (n = 1032). Importantly, median 
PSA was high at 97 ng/ml, and 89% of patients had osseous metastatic disease, with 
54% having HVD per CHAARTED criteria and 40% having LVD. Overall survival 
in the group receiving EBRT was no better than in men receiving systemic therapy 
only (HR 0.92, 95% CI 0.80–1.06, p = 0.266). However, EBRT did improve failure- 
free survival (HR 0·76, 95% CI 0·68–0·84; p < 0·0001), and subgroup analysis of 
men with LVD demonstrated improved overall survival (HR 0.68, 95% CI 0.52) 
[60]. These data underscore the importance of considering overall burden of disease 
in this evolving treatment paradigm, as oligometastatic disease and more dissemi-
nated disease likely behave differently.

Like STAMPEDE, the results of the HORRAD trial were also reported in 2018. 
This trial randomized men with newly diagnosed metastatic prostate cancer, PSA 
>20 ng/ml, and osseous metastases to receive ADT or ADT plus EBRT to the pros-
tate. Overall, 432 men underwent randomization from 2004 to 2014, with no differ-
ence noted in overall survival between the control and experimental groups at a 
median survival of 47 months (HR 0.90, 95% CI 0.70–1.14, p = 0.4). The negative 
result of this trial as well as the limited benefit of EBRT in STAMPEDE in all but 
men with low-volume disease will perhaps be adjudicated by the pending results of 
SWOG 1802.

Two notable trials have investigated the potential benefit of metastasis-directed 
therapy with radiation in men with metastatic prostate cancer. The first study by Ost 
and colleagues was a small phase II trial with 62 patients with biochemical recur-
rence after prior treatment of primary prostate cancer. Men enrolled in the trial had 
to have low-volume metastatic disease, with three or fewer lesions, none of which 
could be cranial. These men were then randomized to receive either observation or 
MDT with stereotactic body radiation (SBRT). Each group was then surveilled for 
the presence of metastatic progression or development of new symptoms with serial 
imaging. The primary outcome was ADT-free survival, and the authors hypothe-
sized that receipt of MDT would prolong time to initiation of ADT due to progres-
sion. At a median follow-up of 36 months, the MDT group had superior ADT-free 
survival at 21 months, compared to 13 months in the observation group (HR 0.60, 
80% CI 0.40–0.90). Additionally, overall toxicity from radiation therapy was low 
compared to observation, and trial participants rated quality of life similarly [61]. 
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This was the first randomized trial to demonstrate a benefit of MDT in prolonging 
onset of symptoms or development of metastatic progression.

In addition to this study, Palma and colleagues reported on the results of the 
SABR-COMET trial in 2019. This was an innovative trial across multiple meta-
static cancers (i.e., prostate, breast, lung, gastrointestinal/colorectal) that examined 
the use of stereotactic ablative radiotherapy (SABR) to all metastatic sites. Enrollees 
in the prostate-cancer arm underwent either best available palliative care or best 
available palliative care plus SABR to all sites of metastatic disease. Participants 
were allowed to have up to five metastatic sites, so this trial had participants with 
both low- and high-volume disease per CHAARTED criteria. In total, 99 patients 
were enrolled 2:1 to receive either SABR or palliative treatments. The primary out-
come was overall survival, which was significantly longer in the experimental group 
receiving SABR at 41 months compared to 28 months in the control (HR 0.57, 95% 
CI 0.30–1.10), at median follow-up of 25.5 months. This improvement did come at 
the cost of higher toxicity, with 29% of patients in the SABR group experiencing 
Grade 2 or higher adverse events, with pain (12%) being the most frequently 
reported side effect. There were no deaths related to treatment in the control group, 
but three patients in the group receiving SABR died of treatment-related complica-
tions [62]. Based upon these two small trials, use of MDT with radiation has been 
demonstrated to lengthen overall survival, increase time to progression, and increase 
the time to initiation of ADT (Table 5.1).

 Emerging Therapies

In addition to trials examining sequencing, synergistic effects, and quality-of-life 
impact on currently approved therapies in mHSPC, there are also additional novel 
agents in the research pipeline. The most eminent results will come from the pend-
ing ARASENS trial evaluating darolutamide. Darolutamide (ODM-201) is an oral 
androgen receptor antagonist and has minimal to no agonist activity and high affin-
ity for both the native androgen receptor and androgen receptor variants. Prior Phase 
1 and 2 trials in mCRPC, including ARAMIS and ARAFOR, demonstrated good 
overall tolerability and anticancer activity with darolutamide. The results of the 
ARAMIS trial demonstrated an improvement in the primary endpoint, metastasis- 
free survival, of 40.4  months (95% CI: 34.3, not reached) in patients receiving 
darolutamide compared with 18.4 months in the control group. This has led to the 
FDA approval for use of darolutamide in non-metastatic castration-resistant pros-
tate cancer (nmCRPC) [63]. The ARASENS trial will examine the addition of the 
novel agent darolutamide to ADT and docetaxel compared to ADT and docetaxel 
alone. Patients will receive six cycles of docetaxel following randomization. Patients 
in the experimental arm will receive oral darolutamide until either symptomatic 
progression, unacceptable toxicity, or therapeutic class change occurs. This phase 
III trial is seeking to enroll 1300 patients at 300 sites in 23 countries and began 
accruing in 2016. The primary endpoint is overall survival, and estimated study 
conclusion is May 2022 [64].
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 Conclusions

As recently as two decades ago, men with metastatic prostate cancer were limited 
to androgen deprivation therapy before almost uniformly developing castration- 
resistant prostate cancer and early demise. However, since that time numerous 
agents have been introduced in both castration-resistant and now hormone-sensi-
tive prostate cancer that has led to prolonged overall survival. With addition of 
docetaxel, abiraterone acetate, apalutamide, and/or enzalutamide, men are now 
experiencing survival that can approach double or even triple the durations previ-
ously observed. Importantly, these agents also decrease symptoms from develop-
ment of progressive metastatic disease. Clearly, continued study to elucidate the 
optimal sequencing of agents, as well as the inclusion of possible additional treat-
ments such as radiation or surgery in oligometastatic disease, will be necessary to 
maximize survivability. Furthermore, consideration of cost-effectiveness, quality 
of life, and overall treatment toxicity is of critical importance for future investiga-
tion. Finally, improvements in imaging and laboratory testing will continue to 
transform detection of metastatic disease to allow early diagnosis and treatment, 
potentially extending survival further. Given the rapid progress observed in all of 
these domains, the landscape of treatment is wholly different today than only a few 
years ago, a welcome boon of innovation for patients suffering from this life-
threatening disease.

 Summary of Key Points

• Level 1 evidence supports use of four agents in addition to ADT in mHSPC.

 – Docetaxel.
 – Abiraterone acetate + prednisone.
 – Apalutamide.
 – Enzalutamide.

• Comparative analysis has not demonstrated an overall survival advantage of any 
of the above four agents over another, though no head-to-head trial data exists.

• Comparative analysis has suggested that docetaxel may be the most cost- effective 
treatment option, although novel anti-androgens such as apalutamide and enzalu-
tamide may be overall better tolerated.

• Use of localized treatment to the primary tumor with radiation in addition to 
ADT did not extend overall survival in two trials (HORRAD and STAMPEDE).

• SWOG 1802 is currently examining the use of definitive surgery or radiation in 
addition to ADT and systemic therapy in men with oligometastatic hormone- 
sensitive prostate cancer.

• Use of metastasis-directed therapy is potentially promising, but larger, more 
robust trials are needed to recommend use.

• Additional novel oral androgen inhibitors such as darolutamide (ODM-201) are 
currently being investigated in large trials for use in mHSPC.
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Castration- Resistant Prostate Cancer 
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Abbreviations

ADT Androgen deprivation therapy
AR Androgen receptor
CRPC Castration-resistant prostate cancer
FDA Food and Drug Administration
ICECaP Intermediate Clinical Endpoints in Cancer of the Prostate
MFS Metastasis-free survival
PET Positron emission tomography
PSA Prostate-specific antigen

 Introduction

Prostate cancer is the most common non-skin cancer affecting men in the United 
States [1]. Of the approximately 248,000 new cases of prostate cancer estimated to 
be diagnosed in 2021, 7% will be diagnosed as late or distant stage [2, 3]. 
Additionally, as many as 25% of men initially diagnosed and treated for localized 
disease will unfortunately relapse and develop advanced prostate cancer [4]. 
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Advanced prostate cancer is a heterogeneous disease state, and numerous sub-strat-
ifications have been developed to assign patients into the correct therapeutic path-
ways. These include non-metastatic biochemical recurrence, metastatic 
castration-sensitive prostate cancer, metastatic castration-resistant prostate cancer, 
and non-metastatic castration- resistant prostate cancer [5]. Encountering patients in 
the advanced prostate cancer space is becoming more common. Recently, compiled 
data from 2003 to 2017 by the Centers for Disease Control and Prevention demon-
strated a significantly increased incidence of distant prostate cancer with an average 
annual percentage change of +2.2% [2]. Conversely, the compiled incidence of 
localized prostate cancer dropped by an annual percentage change of −3.3%. These 
data suggest that a stage migration toward more advanced prostate cancer may be in 
progress.

It is therefore more important now than it has been previously for providers to 
understand how to properly identify, stage, and treat patients with advanced prostate 
cancer. This chapter focuses primarily on the non-metastatic castration-resistant 
prostate cancer space (M0 CRCP). Definitions vary slightly by guideline organiza-
tion [5, 6], but patients with M0 CRPC are those with a rising prostate-specific 
antigen (PSA) while continuously exposed to castration levels of androgen depriva-
tion therapy (ADT), but in whom no radiographic evidence of metastatic disease 
can be identified. A nuance of this criteria that is important to note is that the absence 
of metastatic disease in M0 CRPC is based on the findings of conventional imaging: 
computed tomography, magnetic resonance imaging, or nuclear medicine bone 
scan. New positron emission tomography (PET) technologies, both already 
approved by the Food and Drug Administration (FDA) and in development, are 
more sensitive in identifying the presence of metastatic disease at ever decreasing 
volumes [7, 8]. These imaging modalities may have an impact on whether any 
patients with advanced prostate cancer in the future cannot have the site of their 
metastatic disease identified. However, the studies leading to FDA approval for 
agents in the M0 space did not include novel PET imaging, and therefore the results 
of conventional imaging studies are all that is necessary to categorize the presence 
or absence of metastasis in prostate cancer [5].

Prior to 2018, the only available strategies to treat patients with M0 CRPC were 
(1) observation, (2) addition of first-generation anti-androgen agents in order to 
achieve more potent androgen receptor (AR) blockade, or (3) enrollment in a clini-
cal trial. The addition of AR antagonists in this setting did not provide a durable 
survival impact [9, 10], and so a new generation of agents aimed at slowing the 
progression of M0 CRPC to identifiable metastatic disease have been sought. 
Between 2018 and 2020, three novel therapies passed through phase 3 trial and 
approval by the FDA: enzalutamide, apalutamide, and darolutamide (Table 6.1). 
The success of these therapies was not just profound for patients with M0 CRPC 
and their providers, but it was also significant for the coordination and design ele-
ments investigators imposed which led to rapid publication of novel clinical end-
points and easier comparative analysis between agents.

This chapter will explore each of these agents in detail, the randomized trials 
which lead to their approval, their comparative efficacy, and side effect profiles, and 
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provide the reader with a real-world clinical practice guide for how to manage 
patients with M0 CRPC.

 Metastasis-Free Survival (MFS) and Advanced Prostate 
Cancer Research

An important trend in research of advanced prostate cancer that emerged as a result 
of the trial designs for the agents discussed below is the use of metastasis-free sur-
vival (MFS) as a primary endpoint surrogate for overall survival. Prior to 2018, no 
network of clinical trials for advanced prostate cancer had been designed to conform 
to this primary endpoint. Reliance on overall survival as the gold standard of end-
points in prostate cancer, as well as all slowly progressing cancers, leads to long 
delays between trial completion and publication of the results [11]. Intermediate sur-
rogates for overall survival that measure endpoints with shorter time-to-event inter-
vals have been sought in other diseases with the hopes of speeding up approval for 
novel therapies [12]. A 2017 landmark study, published in the Journal of Clinical 
Oncology by the Intermediate Clinical Endpoints in Cancer of the Prostate (ICECaP) 
Working Group, confirmed the appropriateness of MFS as one of these intermediate 
endpoint surrogates in prostate cancer [13]. In the study, patient-level data was gath-
ered from 28 available randomized clinical trials. Over 12,000 patients were deter-
mined to have sufficient data from 19 trials for analyzing the correlation between 
MFS and overall survival. A Kendall’s t correlation of 0.91 was calculated from this 
individual patient data for MFS, demonstrating a strong correlation. Among the eli-
gible clinical trials, a similar R2 coefficient was obtained testing the correlation 
between 8-year overall survival rates with 5-year MFS. The R2 was 0.83 for MFS, 
confirming the results of the individual patient data. This explains why, in the trials 
discussed below, FDA approval was granted based on the preliminary analysis of data 
that utilized MFS as the primary endpoint and why subsequent publications reported 
mature overall survival data long after these agents were available to the public.

 Therapeutic Options in M0 CRPC

 Enzalutamide

Enzalutamide has been approved for use in multiple advanced prostate cancer dis-
ease state spaces. Its ability to competitively inhibit not just the AR itself but also 
downstream AR translocation into the nucleus and interaction with DNA likely 
explains its ability to slow the progression of prostate cancer and induce cancer cell 
death at multiple stages of the disease [14]. The experience of medical and urologic 
oncologists with this agent was first developed in 2012 when results of the AFFIRM 
study led to its approval for treatment of patients with metastatic CRPC following 
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docetaxel exposure [15]. From there, investigators have continued to experiment 
with enzalutamide at earlier timepoints in the natural history of advanced prostate 
cancer. In 2014, publication of the PREVAIL study demonstrated improved pro-
gression-free survival and delayed time to chemotherapy for metastatic CRPC 
patients exposed to enzalutamide before docetaxel [16]. In 2019, it was brought 
forth into the metastatic hormone-sensitive space following publication of the 
ENZAMET trial [17]. And at nearly the same time, the success of the 2018 
PROSPER trial leads to enzalutamide receiving its first approval for use in non- 
metastatic prostate cancer [18].

PROSPER was an internationally conducted, placebo-controlled, randomized 
trial that studied the effects of enzalutamide on MFS in patients with M0 
CRPC. Secondary endpoints such as PSA response, time-to-biochemical progres-
sion, overall survival, and safety were also measured. All patients in the study had a 
PSA doubling time of less than 10 months at the time of enrollment. Prior to ran-
domization, patients were stratified by PSA doubling time (greater than or less than 
6 months) and by prior exposure to bone mineralization agents such as denosumab 
or zoledronic acid. In PROSPER, 77% of patients in both the treatment and placebo 
arms were enrolled with a rapid doubling time of less than 6 months, while only the 
minority in each group received prior bone-targeting therapy. Patients were then 
randomized in 2:1 fashion to receive either 160 mg per day of enzalutamide or pla-
cebo. In both cases, patients continued to receive ADT during the trial. The study 
met its recruitment objective for 90% power to detect a hazard ratio of 0.72 or 
greater, and in total 1401 patients were enrolled (enzalutamide n = 933; placebo 
n = 468).

In 2018, the initial results of the PROSPER trial were released including data 
from the primary endpoint and all secondary endpoints except mature overall sur-
vival outcomes [18]. The enzalutamide cohort experienced more than twice the 
duration of MFS versus placebo (36.6 months vs. 14.7 months), corresponding to a 
71% improvement in the risk of metastasis or death during the study period. In 
absolute terms, at the time of the initial analysis, nearly half of the placebo group 
had died versus only 23% of the enzalutamide group. Both secondary endpoints of 
time-to-PSA progression and time to initiation of a subsequent therapeutic alterna-
tive were markedly longer in the enzalutamide group. In 2020, mature overall sur-
vival results were reported. The enzalutamide group’s median overall survival was 
67  months versus 56.3  months in the placebo group, corresponding to a 27% 
improvement in the risk of death during the study period [19].

 Apalutamide

Apalutamide is another example of a second-generation nonsteroidal anti-androgen 
agent that inhibits multiple steps in the AR signaling pathway and has found expand-
ing indications for its use in advanced prostate cancer. Apalutamide is unique in the 
strength of its adherence to the AR ligand-binding domain, inhibiting transport of 
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the AR signaling complex into the nucleus, blocking DNA binding of the AR, and 
preventing downstream activation of AR-mediated transcription [20]. In the phase 3 
SPARTAN trial published in 2018, investigators randomized 1207 participants with 
M0 CRPC in 2:1 fashion to receive ADT plus 240 mg per day of apalutamide versus 
ADT plus placebo [21]. A total of 806 patients ultimately were assigned to receive 
apalutamide. In similar design to PROSPER, all patients in SPARTAN exhibited 
PSA doubling times of less than 10 months at the time of enrollment. Once again, 
MFS was the primary endpoint of the study. At the time of release of the initial 
results in 2018, apalutamide demonstrated a 72% improvement in the risk of metas-
tasis, with a MFS interval of 40.5  months for the apalutamide group and only 
16.2  months for the placebo group. Secondary endpoints of time to metastasis, 
symptomatic progression-free survival, and radiographic progression-free survival 
were all significantly improved with the addition of apalutamide. An update to the 
SPARTAN trial with mature overall survival results was released in 2020, and the 
addition of apalutamide in M0 CRPC resulted in a 22% improvement in the risk of 
death, corresponding to 14 months of improved survival versus placebo [22]. Time- 
to- subsequent chemotherapy with the addition of apalutamide was also markedly 
improved by 37%. Following the release of these data, which led to apalutamide’s 
first FDA approval for advanced prostate cancer, the agent was subsequently 
approved for use in metastatic castration-sensitive prostate cancer upon release of 
data from TITAN trial investigators [23].

 Darolutamide

Darolutamide is the most recent novel anti-androgen agent to be approved for use in 
M0 CRPC [24]. Its mechanism of action is similar to that of apalutamide and 
enzalutamide in terms of its ability to inhibit AR binding, translocation, and 
AR-activated transcription [25]. However, its unique chemical structure reduces the 
ability of darolutamide to cross the blood-brain barrier, an effect which may have 
implications on tolerability and adverse event rate [24]. The phase 3 ARAMIS trial 
[26] was similarly designed to PROSPER and SPARTAN and examined similar 
primary as well as secondary endpoints. All patients met M0 CRPC criteria by con-
ventional imaging standards, had a PSA doubling time less than 10 months, were 
randomized in 2:1 fashion versus placebo, and continued ADT during the trial. 
Patients in the darolutamide arm received 600 mg by mouth twice daily. The total 
number of patients included in the study was 1509 (955 in the darolutamide arm 
versus 554 in the placebo arm). At the planned initial analysis, patients in the darolu-
tamide group received a 22-month MFS advantage over placebo. Secondary end-
points, such as time-to-first symptomatic event, time-to-subsequent chemotherapy, 
radiographic progression-free survival, and PSA progression-free survival, were all 
significantly improved with the addition of darolutamide. When mature overall sur-
vival data was eventually released, patients taking darolutamide experienced a 31% 
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decrease in the risk of death while on treatment, corresponding to 6% more patients 
being alive at 3 years with darolutamide [27].

 Agents Under Investigation

A single clinical trial examining the effects of a novel agent in the M0 CRPC space 
is currently recruiting. NCT03569280 is a phase 1 trial examining the effects of 
KPG-121 in addition to abiraterone, apalutamide, or enzalutamide in patients with 
metastatic and non-metastatic CRPC. Target enrollment is 36 patients. KPG-121 is 
a pharmaceutical agent similar in structure to lenalidomide, which itself is an immu-
nomodulator with known efficacy in multiple myeloma, mantle cell lymphoma, and 
amyloidosis. KPG-121, compared to lenalidomide, appears to have enhanced effects 
on tumor proliferation and angiogenesis due to its higher affinity for binding at its 
target CRBN gene. In vitro and in vivo studies have suggested a synergistic effect 
of KPG-121 with concurrent anti-androgen therapy or total androgen annihila-
tion [28].

 M0 CRPC and Meta-data

While no head-to-head comparative analysis has been performed testing enzalu-
tamide, apalutamide, or darolutamide against each other in randomized fashion, 
the trial design similarities between PROSPER, SPARTAN, and ARAMIS have 
given researchers a high-quality path to meta-analysis. Investigators at the 
University of Florida performed a systematic review and meta-analysis of these 
three trials’ oncologic and adverse event outcomes [29]. In totality, the addition of 
any agent versus placebo improved MFS by 68%. Apalutamide (HR 0.73) and 
enzalutamide (HR 0.71) seemed to have superior MFS rates compared with 
darolutamide, but there was no significant difference when apalutamide and 
enzalutamide were compared against each other (HR 1.03). The preliminary over-
all survival results from the three trials were compared against each other prior to 
release of the mature results. The addition of any agent improved overall survival 
by 36%. There was no significant overall survival difference between any of the 
three agents upon indirect comparison. To date, this meta-analysis has not been 
updated since the release of the PROSPER, SPARTAN, and ARAMIS mature 
overall survival data.

A second meta-analysis performed by a multinational investigatory team dem-
onstrated similar findings [30]. Using the same three preliminary trial results, the 
MFS improvement for use of any second-generation anti-androgen agent was 
42%. Concordant with findings from the University of Florida, darolutamide had 
inferior MFS compared with apalutamide and enzalutamide in this study. The 
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highest P score, assigned to the agent most likely to have the maximal MFS ben-
efit, went to apalutamide (P score, 0.8809), while enzalutamide came in a close 
second (P score, 0.7852).

 Adverse Events and Side Effects in M0 CRPC Treatment

With the three agents currently approved for M0 CRPC having similar efficacy at 
prolonging time to metastasis, radiographic progression, PSA progression, and 
overall survival, the next question naturally raised has become how to select the 
most appropriate agent for patients who are candidates for any one of the three. 
Again, we currently lack randomized head-to-head comparative studies to guide us, 
and one approach has been to select the treatment based on the adverse effect pro-
files gleaned from each of the phase 3 trials. This, however, should be interpreted 
with caution as it lacks the rigor and standardization of a true comparative analysis.

A surrogate for adverse event severity measured across PROPSER, SPARTAN, 
and ARAMIS were the treatment discontinuation rates due to adverse events. For 
enzalutamide, 17% (n = 158) of patients in the intervention arm discontinued ther-
apy citing an adverse event as the primary reason. A total of 51 patients (5% of the 
enzalutamide cohort) were determined to have died due to an adverse event [19]. 
This compares with apalutamide, which saw 15% (n = 120) treatment discontinua-
tion due to adverse events. Fewer patients in the SPARTAN trial died due to an 
adverse event on apalutamide (3.0%, n = 24) [22]. Darolutamide appears to carry 
the lowest rate of treatment discontinuation due to an adverse event, with an overall 
attrition rate of 8.9% [27].

Since adverse events are a relatively rare cause for patients to be unsuccessful 
with treatment, another strategy is to compare the common side effect profiles of 
each agent against the patient’s comorbidities and choose the option of best fit [31]. 
Of the three agents, darolutamide appears to be the best tolerated. In the final report 
of the ARAMIS trial, no recorded adverse event was exhibited in greater than 15% 
of enrolled patients, and only fatigue crossed the 10% threshold. Rates of coronary 
artery disorder and heart failure were all under 5%, and only 7.3% of patients devel-
oped a cardiac arrhythmia. Possibly due to its low propensity for crossing the blood- 
brain barrier, seizures and mental impairment were extremely rare events for patients 
randomized to darolutamide (0.2%, 2.0%, respectively) [27]. This compares to the 
intervention arm in SPARTAN in which fatigue, falls, hypertension, and diarrhea all 
had adverse event rates >20% [22]. Fractures, falls, and hypertension were the most 
serious common adverse events encountered with enzalutamide in the PROSPSER 
trial (all 18%) [19].

It should be noted that as of this writing, several clinical trials examining the 
effects of currently approved therapies on toxicity are open for enrollment. APA- 
CARDIO1 (NCT04567875) is an observational study seeking to examine the effects 
of apalutamide on hypertension and cardiovascular disease. The ARACOG trial 
(NCT04335682) will examine the cognitive and quality of life effects of treatment 
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with darolutamide and enzalutamide in patients with M0 CRPC.  Finally, the 
DAROL study (NCT04122976) follows patients with M0 CRPC who have been 
selected for treatment with darolutamide and will follow them prospectively for 
real-world safety and efficacy outcomes.

 Managing M0 CRPC in Clinical Practice

Treatment of patients with M0 CRPC disease continues to evolve. Recognizing that 
the disease space exists because of our current technological limitations in radio-
graphic staging, future recommendations will have to reconcile efficacy and out-
comes in the setting of micro-metastatic disease. The ability to detect small volume 
metastatic disease continues to improve with advances in position emission technol-
ogy. Currently, we advocate for treatment of M0 CRPC in patients with a PSA 
doubling time of 10 months or less. Among those patients with slow PSA doubling 
times, we recommend observation and periodic restaging and PSA monitoring. We 
do not add first-generation AR antagonists in these scenarios. The decision to treat 
and choice of agent in the M0 CRPC space must also take into account patient- 
specific factors given the limitations of comparative data. For example, if the patient 
has a history of stroke, dementia, or another intracranial comorbidity, darolutamide 
may be the most appropriate choice. In addition, if the patient has a history of rash, 
psoriasis, or another integumentary disorder, enzalutamide or darolutamide might 
be preferred. Enzalutamide should probably be avoided in patients with a history of 
osteoporosis, osteopenia, or falls. Risk for cardiovascular related toxicity needs to 
be diligently assessed regardless of therapy on an ongoing basis [32]. In agreement 
with the Advanced Prostate Cancer Guidelines from the American Urological 
Association, ADT is continued during treatment with enzalutamide, apalutamide, or 
darolutamide [5]. Patients are restaged with serum PSA and total testosterone levels 
every 3 to 6 months and with conventional imaging every 6 to 12 months. Finally, 
frequent involvement of our multidisciplinary care team consisting of colleagues 
from medical and radiation oncology and clinical research support staff is para-
mount to ensuring these complex patients receive evidence-based and guideline 
concordant care while having access to the latest clinical trials.
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PD-L2 Programmed death-ligand 2
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RCC Renal Cell Carcinoma
RECIST Response Evaluation Criteria in Solid Tumors
RP Radical prostatectomy
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 Introduction

Immunotherapy has not been as clinically impactful in prostate cancer when com-
pared to other genitourinary malignancies such as renal cell cancer and bladder 
cancer. Currently, there are two immune-based therapies with established roles for 
usage in the metastatic castration-resistant setting: sipuleucel-T and pembroli-
zumab. There is not a current role for immunotherapy in metastatic castration-naïve 
prostate cancer, nor is there one in earlier disease (e.g., neoadjuvant or adjuvant 
settings). Nevertheless, there have been trials conducted on the usage of immuno-
therapy in prostate cancer outside of the aforementioned treatments, with many 
demonstrating potential antitumor activity. Moreover, trials have been done using 
combinations of immunotherapeutic agents with other treatment modalities, and 
there are additional data suggesting new possible directions of development in pros-
tate cancer. This includes potential novel targets outside of the traditional focus of 
immunotherapy in this disease.

 Approved Immunotherapies for Prostate Cancer

 Sipuleucel-T

The first foray of immunotherapy in prostate cancer started with sipuleucel-T 
(Provenge). Sipuleucel-T is an autologous cellular immunotherapy made from 
peripheral blood mononuclear cells. These cells are removed from a patient by 
apheresis and then exposed to prostatic acid phosphatase and granulocyte macro-
phage colony-stimulating factor before being reinfused into the patient [1]. The 
dosing schedule for this is every 2 weeks for a total of three doses. A multicenter 
phase III, double-blind study randomized 512 patients in a 2:1 ratio to sipuleucel-T 
or placebo using the dosing schedule previously described. This study showed that 
sipuleucel-T did prolong overall survival with a median survival 4.1 months longer 
than the placebo group [2]. It was associated with a 22% relative risk reduction of 
death as compared with the placebo group (hazard ratio, 0.78; p = 0.03). Also, the 
rate of 3-year survival was improved in the treatment group compared to the pla-
cebo (31.7% in the sipuleucel-T group versus 23.0% in the placebo group). However, 
sipuleucel-T did not have an effect on the time to disease progression (3.7 months 
in the sipuleucel-T group as compared to 3.6  months in the placebo group). In 
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addition, PSA reductions of at least 50% on repeat visits were seen in 2.6% of 
patients in the sipuleucel-T group as compared to 1.3% in the placebo group making 
it hard for patients and physicians to discern clinical benefit in the short term. It 
should be noted that sipuleucel-T was relatively well tolerated with only 0.9% of 
patients in the treatment group unable to receive all three infusions because of infu-
sion-related adverse events. There were no reports of autoimmune-related adverse 
events or anaphylaxis. Most commonly, the adverse events experienced were felt to 
be related to cytokine release (e.g., chills, fatigue, pyrexia).

Sipuleucel-T is currently approved for metastatic castration-resistant prostate 
cancer (mCRPC) that is asymptomatic or minimally symptomatic. The study only 
enrolled patients with prostate adenocarcinoma, and therefore, sipuleucel-T is not 
recommended for use in patients with neuroendocrine prostate cancer. Additionally, 
patients with visceral metastases were excluded from the trial, and consequently, 
the therapy is not recommended for these patients. A subgroup analysis of the phase 
III study highlights that patients in the quartile with lowest PSA values had the 
greatest benefit, perhaps suggesting that patients with the lowest tumor burden are 
most appropriate for this treatment [3]. The overall survival hazard ratio was 0.51 
(95% CI 0.31–0.85) for patients in the quartile with the lowest baseline PSA versus 
0.84 (95% CI 0.55–1.29) for patients in the quartile with the highest baseline 
PSA. Estimated improvement in median survival favored those in the lowest base-
line PSA quartile compared to those in the highest (13.0 months and 2.8 months, 
respectively). Also, those in the lowest PSA quartile had an estimated 3-year sur-
vival of 62.6% compared to 41.6% for control patients.

Another patient population that may benefit more from sipuleucel-T is African 
Americans with mCRPC as was suggested in an exploratory analysis of the 
PROCEED registry [4]. The PROCEED registry is a prospective observational 
study of men with advanced prostate cancer who at the time of enrollment were 
either planned to receive sipuleucel-T or had undergone their first leukapheresis for 
production of sipuleucel-T 6 months or less prior to enrollment. The study analyz-
ing the registry compared the overall survival in African American and Caucasian 
men who had received at least one infusion of sipuleucel-T in both an all-patient set 
and a baseline PSA-matched set. The hazard ratios for overall survival were 0.81 
(95% CI 0.68–0.97, p = 0.03) and 0.70 (95% CI 0.57–0.86, p < 0.001) between 
African American and Caucasian men in the all-patient and baseline PSA-matched 
sets, correspondingly. Median OS was 35.3 months for African American men com-
pared to 25.8 months for Caucasian men in the PSA-matched set. It was similar in 
the all-patient set: 35.2  months for African American men and 29.9  months for 
Caucasian men.

Future directions for sipuleucel-T may include usage in the neoadjuvant setting 
or in combination with other therapies. The phase II study NeoACT took patients 
with localized prostate cancer who received sipuleucel-T prior to radical prostatec-
tomy (RP) and looked for immunologic effects of treatment on prostate tissue [5, 6]. 
Patients were treated with three infusions of sipuleucel-T prior to RP. Most of the 
adverse events prior to RP were Grade 1–2 with the most frequent adverse events 
within 1  day after infusion being fatigue, headache, and myalgia. There did not 
seem to be any effect on operative complications, procedure time, or estimated 
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blood loss. Compared to the pretreatment biopsy, there were > threefold increases 
in infiltrating CD3+, CD3+/CD4+, and CD3+/CD8+ T cell populations in the RP 
tissues (p = 0.0001 for all populations). Importantly, 12 concurrent cases that were 
not treated with neoadjuvant sipuleucel-T did not have the same level of T cell infil-
tration. Further exploratory analysis of this study showed sipuleucel-T treatment 
was associated with increased expression of Th1-associated genes as well as upreg-
ulation of immune inhibitory checkpoints, including CTLA-4 [7] . Declines in PSA 
while on treatment were associated with induction of Th1 response. PSA progres-
sion on treatment was correlated with an upregulation of genes of inhibitory check-
points, including CTLA-4. This provides a basis for trials combining checkpoint 
inhibition with sipuleucel-T, which are currently being conducted.

 Immunotherapy Based on Biomarkers in Prostate Cancer

Understanding biomarkers for response to immunotherapy is crucial to its success. 
In trying to discover biomarkers for response to immunotherapy in several settings, 
there are data that have centered around high microsatellite instability (MSI-H)/
deficient mismatch repair (dMMR), cyclin-dependent kinase 12 (CDK12) status, 
and tumor mutational burden (TMB). All three of these biomarkers relate to treat-
ments with PD-1/PD-L1 inhibitors.

Currently, pembrolizumab is approved for treatment across solid tumors that are 
MSI-H/dMMR or with tumor mutational burden-high (TMB-H) status (≥10 muta-
tions per megabase (mut/MB)). Abida et al. performed a retrospective analysis of 
prostate cancer patients treated at Memorial Sloan Kettering Cancer Center from 
2015 to 2018 [8]. Eleven patients with MSI-H/dMMR castration-resistant prostate 
cancer were treated with anti-PD-1/PD-L1 therapy, out of which six (54.5%) had 
PSA responses of greater than 50%. Four of these six also had radiographic response. 
At the time of analysis, five of the six responders were still on therapy with the 
longest ongoing response being 89 weeks. Particularly interesting about this study 
is that two of six patients who underwent longitudinal tumor profiling acquired the 
MSI-H/dMMR phenotype somatically. A second retrospective study looking at the 
response to anti-PD-1/PD-L1 therapy in dMMR/MSI-H metastatic prostate cancer 
also demonstrated benefit [9]. All of these patients were initially treated with medi-
cal/surgical castration. PSA response of 50% was seen in eight of 15 patients treated 
with pembrolizumab. Median PFS was not reached, and seven of the eight respond-
ers remained on treatment without progression at a median follow-up of 12 months. 
These studies support the treatment of MSI-H/dMMR metastatic prostate cancer 
with pembrolizumab, although it is noteworthy that responses are not universal.

Initial data revealing the potential benefit of immunotherapy in mCRPC patients 
with CDK12 mutations were presented in a genomic analysis by Wu et al. [10]. The 
study showed a statistically significant increase in the frequency of biallelic CDK12 
loss in mCRPC (6.9%) as compared to primary prostate cancer (1.2%). CDK12 
mutant cases were associated with elevated neoantigen burden and increased tumor 
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T cell infiltration. Eleven patients with CDK12 mutations were identified in the 
Michigan Oncology Sequencing (Mi-ONCOSEQ) program. Five of these patients 
who were pretreated had subsequent exposure to anti-PD-1 inhibitors. Four of these 
five were analyzed, and two patients were noted to have significant decreases in 
PSA after being treated with anti-PD-1 inhibitors.

A more recent retrospective study by Antonarakis et al. looked at patients with at 
least monoallelic CDK12 alterations to further characterize the clinical features and 
responses to various therapies in patients with somatic loss-of-function CDK12 
mutations [11]. Of the nine men with mCRPC who received a PD-1 inhibitor (either 
pembrolizumab or nivolumab), 33% had a PSA response and the median progression- 
free survival was 5.4 months. It should be noted that these patients were heavily 
pretreated and were receiving the PD-1 inhibitor as a fourth- to sixth-line systemic 
therapy. Still, this benefit in a mCRPC population that had seen many treatments 
already is noteworthy given the median PFS of 5.3 months and 3.8 months for abi-
raterone/enzalutamide and taxane, respectively, when used in the same population 
but in the first-line setting. Interestingly enough, even though the PFS was similar 
between the abiraterone/enzalutamide and PD-1 inhibitor groups, the PSA response 
in the patients treated with first-line abiraterone/enzalutamide was higher at 41%, 
which may relate to how PSA responses and survival can be discordant when 
patients are treated with immunotherapy, as seen with sipuleucel-T [2].

Tumor mutational burden is a biomarker that may have utility in predicting 
response to PD-1 inhibitors as monotherapy and in combination with the anti- 
CTLA- 4 inhibitor, ipilimumab. Currently, pembrolizumab is FDA-approved for the 
treatment of any solid tumor with high TMB (defined as >10 mutations/megabase) 
that have progressed on prior treatments and do not have alternative treatment 
options. The approval was based on results from KEYNOTE-158. This prospective 
phase II study enrolled patients with advanced incurable solid tumors who had pro-
gression on at least one line of standard therapy, ECOG 0 or 1, and measurable 
disease per RECIST [12]. All of these patients were treated with pembrolizumab 
200 mg every 3 weeks for up to 35 cycles. There were objective responses in 29% 
of the TMB-high group and 6% of the non-TMB-high group. Interestingly, the pre-
dictive value of TMB was independent of PD-L1 and microsatellite status. It is 
important to note it is unclear how many prostate cancer patients were treated on 
this trial as the prostate cancer patients with MSI-H disease were included in a 
cohort of mixed tumor types, and the published data did not list the number of 
patients per tumor type. Also, the cohort these patients were included in, cohort K, 
was not included in the analysis. Concerning toxicity, 15% of patients had a grade 
3–5 treatment-related adverse event. More data on tumor mutational burden would 
clearly define the benefit of checkpoint inhibitors in prostate cancer patients meet-
ing this criteria for treatment.

In a retrospective study of metastatic prostate cancer specimens, whole genome 
sequencing was done to try and identify patients more likely to respond to immune 
checkpoint blockade [13]. Twelve patients were found to have high TMB (>10 mut. 
MB). The patients were treated with anti-PD-1 checkpoint inhibitors as a mono-
therapy and 7/12 patients with high TMB had >50% decline in PSA.  While the 
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approval for pembrolizumab in the TMB-H setting is based on data that did not 
include prostate cancer, the effectiveness across tumor types, irrespective of MSI/
PD-L1 expression, and the results of the retrospective analysis are encouraging for 
similar results with pembrolizumab monotherapy in a subset of patients with meta-
static prostate cancer.

 Evaluations of Immunotherapy in Unselected Patients

 Ipilimumab

Ipilimumab, a cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) antibody, has 
been studied in various settings regarding prostate cancer, both as a monotherapy 
and in combination with other agents. As for its use as a monotherapy, there are two 
phase III trials that address the utility of ipilimumab in both the post-chemotherapy 
and chemotherapy-naïve settings. The first trial by Kwon et al. that reported results 
included patients with mCRPC who had progressed after treatment with docetaxel 
[14]. These patients were randomized to bone-directed radiotherapy (8 Gy in one 
fraction to up to five lesions for potential immune synergy) followed by ipilimumab 
or placebo every 3 weeks for up to four doses. Those who did not progress could 
continue to receive ipilimumab or placebo every 3 months until disease progression. 
Posttreatment PSA reduction of 50% or more was seen in 13.1% of the ipilimumab 
group as compared to 5.2% of the placebo group. The progression-free survival in 
the ipilimumab group was 4.0 months as compared to 3.1 months in the placebo 
group (HR 0.70, p < 0.0001). There was a nonsignificant difference in median over-
all survival, with mOS of 11.2 months in the ipilimumab group versus 10 months in 
the placebo group (HR 0.85, p = 0.053). A subgroup analysis of patients with favor-
able features (classified based on alkaline phosphatase, hemoglobin, and absence of 
visceral metastases) did have a median overall survival of 22.7 months with ipilim-
umab versus 15.8 months with placebo (HR 0.62, p = 0.0038), suggesting that there 
may be a subset of post-chemotherapy mCRPC patients that may benefit from ipili-
mumab. Nevertheless, it is important to note that 26% of the patients in the ipilim-
umab group had grade 3–4 immune-related adverse events as compared to 3% of 
patients in the placebo group, highlighting the concern of toxicity with this agent. A 
final analysis of this trial was published in early 2020 after an additional 2 years of 
follow-up from the primary analysis [15]. Although the study did not meet its pri-
mary endpoint, this additional analysis showed statistically substantial differences 
in overall survival at 2 years, 3 years, 4 years, and 5 years favoring the iplimumab 
arm over placebo.

A second phase III trial was conducted with asymptomatic or minimally symp-
tomatic mCRPC patients in the chemotherapy-naïve setting [16]. Notably, this trial 
excluded patients with visceral metastases but was otherwise conducted similarly to 
the trial in patients who had progressed on docetaxel as far as the treatment schedule 
and dosing of ipilimumab, although radiation therapy was not administered [14]. 
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For the study in chemotherapy-naïve patients, PSA response rate was 23% in the 
ipilimumab arm versus 8% with placebo. The median progression-free survival was 
5.6 months versus 3.8 months in ipilimumab and placebo arms, respectively (HR 
0.67 95.87% CI, 0.55 to 0.81) [16]. While the PSA response rate and median 
progression- free survival in the ipilumumab-treated patients suggest some antitu-
mor activity in this specific patient population of pre-chemotherapy mCRPC 
patients, ipilumumab was not associated with improved median overall survival, 
with mOS of 28.7 months in the ipilimumab group versus 29.7 months in the pla-
cebo arm (HR 1.11, p = 0.3667). The percentage of grade 3 to 4 adverse events 
(31% in the ipilimumab arm vs. 2% with placebo) was similar to that of the trial 
conducted in the post-chemotherapy setting. Though the results of these two trials 
highlight potential antitumor activity of ipilimumab in mCRPC, the significant tox-
icity from immune- related adverse events and lack of strong improvements in OS 
have not led to the use of ipilimumab as a monotherapy for mCRPC.

 Pembrolizumab

Another immunotherapy being evaluated as a monotherapy is the anti-programed 
death receptor-1 (PD-1) checkpoint inhibitor pembrolizumab. As noted above, pem-
brolizumab is approved for use in patients with MSI-H and TMB-H tumors. 
Additional analyses were performed specifically in mCRPC patients in the phase II 
study KEYNOTE-199. In this study pembrolizumab was evaluated in five cohorts 
of mCRPC patients defined by their prior treatment exposures and location of meta-
static disease. In all cohorts pembrolizumab was administered every 3 weeks for a 
maximum of 35 infusions, barring specific withdrawal or discontinuation criteria. 
Patients in cohorts 1–3 were treated with pembrolizumab, while cohorts 4–5 evalu-
ated patients treated with pembrolizumab in combination with enzalutamide. 
Cohorts 1–3 have been analyzed in a paper by Antonarakis et al. [17]. These patients 
were all previously treated with one to two chemotherapy regimens, one of which 
had to include docetaxel, and one or more targeted endocrine therapies. The patients 
in cohorts 1 and 2 had measurable disease as per RECIST v1.1. Additionally, cohort 
1 patients had PD-L1-positive disease and cohort 2 patients had PD-L1-negative 
disease. Cohort 3 consisted of patients, irrespective of PD-L1 status, who had bone 
metastases detectable by whole-body bone scintigraphy and no measurable by 
tumors by RECIST criteria.

PSA response, measured as a decrease in PSA level from baseline by 50% or 
greater, across all three cohorts was 6%. Individual analysis of the cohorts shows 
similar percentages in cohorts 1 and 2 (6% and 8%, respectively) and a noticeably 
lower percentage (2%) in cohort 3. The results from cohorts 1 and 2 suggest that the 
PSA response was independent of PD-L1 status. Additionally, 9% of all patients 
had stable PSA, which may point to an antitumor effect that is more involved in 
disease control. The objective response rate (ORR) was 5% for cohort 1, 3% for 
cohort 2, and 5% for these two cohorts combined. The median overall survival was 
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9.5 months in cohort 1, 7.9 months in cohort 2, and 14.1 months in cohort 3. The 
investigators of this study expressed optimism regarding the OS, but randomized 
trials are needed to confirm these findings. In terms of toxicity across cohorts, 15% 
of the patients experienced grade 3 to 5 treatment-related adverse events with 5% of 
the patients discontinuing pembrolizumab because of a treatment-related adverse 
event. The trial is limited by its lack of a control arm, and the main conclusion to be 
drawn is that pembrolizumab has limited clinical efficacy in an unselected 
population.

 Investigating Combinations of Immunotherapy 
in Prostate Cancer

 Ipilimumab and Nivolumab

Ipilimumab and nivolumab have established roles in melanoma and renal cell carci-
noma (RCC). In regard to prostate cancer, ipilimumab and nivolumab were evalu-
ated in combination with CheckMate 650 [18]. This phase II study looked at 
mCRPC patients with an ECOG of 1 or less and separated these patients into 
asymptomatic/minimally symptomatic patients who had progressed after at least 
one second-generation hormone therapy but had not seen chemotherapy in the 
mCRPC setting (cohort 1) and patients who had progressed after cytotoxic chemo-
therapy in the mCRPC setting (cohort 2). The co-primary endpoints were objective 
response rate and median rPFS. Objective response rates were 25% and 10%, while 
median rPFS was 5.5 months and 3.8 months for cohorts 1 and 2, respectively. The 
secondary endpoint of overall survival showed a median of 19.0 months in cohort 1 
and 15.2 months in cohort 2.

Safety was assessed as a secondary endpoint as well. Grade 3–4 treatment- 
related adverse events were seen in 42.2% of patients in cohort 1 and 53.3% of 
patients in cohort 2. Looking at this further, at the time of the data cutoff, there were 
only 3/90 patients between both cohorts who were on study treatment. The majority 
of patients (71%) discontinued treatment during combination dosing with ipilim-
umab and nivolumab, while most of the remaining patients (25.6%) discontinued 
treatment during the maintenance phase with monotherapy nivolumab. There were 
two main reasons for discontinuation: toxicity from treatment (51.1% from cohort 
1 and 44.4% from cohort 2) and disease progression (33.3% in cohort 1 and 44.4% 
in cohort 2). These safety data show that the regimen used for this combination is 
not tolerable for mCRPC patients.

There are data on the utility of using TMB to select patients when combining 
anti-CTLA-4 antibodies and anti-PD-1 antibodies. A subpopulation of 44 patients 
with quality-controlled whole-exome sequencing data were found to have a median 
TMB of 74.5 mutations/patient. Patients were divided into those above versus below 
the median. The objective response rate was 50.0% for those with TMB above the 
median versus 5.3% for those below. This pattern favoring the patients with TMB 
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above the median versus those below was seen across PSA response rate (30.0% vs. 
5.9%), median rPFS (7.4 vs. 2.4  months), and median overall survival (19.0 vs. 
10.1  months). In addition to the exploratory analysis regarding TMB mentioned 
above, this study also examined patients in regard to status with homologous recom-
bination deficiency, DNA damage repair (DDR), and PD-L1 expression. There was 
no clear association between these biomarkers and clinical activity.

 Enzalutamide and PD-1/PD-L1 Inhibitors

In addition to combinations of checkpoint inhibitors with each other, checkpoint 
inhibitors, specifically PD-1/PD-L1 inhibitors, have been studied in combination 
with the second-generation anti-androgen, enzalutamide. A phase II study looked at 
the combination of enzalutamide with pembrolizumab in men with mCRPC who 
were progressing on enzalutamide monotherapy [19]. These patients were treated 
with four doses of pembrolizumab given every 3 weeks. Five of the 28 patients in 
this study (18%) had a PSA decline of at least 50%. Median overall survival for all 
patients on the study was 21.9 months compared to 41.7 months in the responders. 
Out of the three responders who had baseline biopsies, none of them had detectable 
PD-L1 expression and only one had MSI high disease with mutations consistent 
with DNA-repair defects. This was a particularly interesting point as it suggested 
that tumors did not have to express PD-L1 or harbor DNA-repair defects to respond 
to treatment.

This phase II study with pembrolizumab was followed by a randomized phase III 
study that looked at the combination of atezolizumab and enzalutamide versus 
enzalutamide alone in mCRPC who had progressed on abiraterone and docetaxel or 
were not candidates for a taxane regimen [20]. Patients were randomized 1:1 to 
either the atezolizumab plus enzalutamide group or the enzalutamide alone group. 
Median OS was 15.2 months in the atezolizumab plus enzalutamide group and 16.6 
months in the enzalutamide group. This study did not meet its primary endpoint of 
overall survival as there was no significant difference in overall survival between the 
two groups [stratified HR, 1.12, p = 0.28). The percentage of patients with grade 
3–4 treatment-related AEs was 28.3% in the combination group versus 9.6% in the 
enzalutamide monotherapy group. As this study did not show an improvement in 
overall survival in the atezolizumab plus enzalutamide group compared to those 
treated with enzalutamide alone, it was terminated early.

 Cabozantinib and Atezolizumab

Cabozantinib targets MET, vascular endothelial growth factor receptor-2, KIT, 
AXL, and FLT3 [21]. The role of cabozantinib in prostate cancer to date has been 
largely defined by two phase III trials: COMET-1 and COMET-2. COMET-1 was a 
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phase III study that randomly assigned men with mCRPC who progressed on 
docetaxel and abiraterone and/or enzalutamide to treatment with cabozantinib or 
prednisone [22]. Median OS was 11.0  months in the cabozantinib group and 
9.8 months in the prednisone group (HR 0.90; 95% CI 0.76 to 1.06; stratified log- 
rank p = 0.213) showing that cabozantinib did not significantly improve OS com-
pared to prednisone in the post-chemotherapy and post-second-generation 
anti-androgen mCRPC setting. It also did not improve PSA outcomes. COMET-2 
was a randomized phase III trial in men with mCRPC and narcotic-dependent pain 
from bone metastases who had progressed on docetaxel and either abiraterone or 
enzalutamide [23]. Patients were treated with cabozantinib or mitoxantrone plus 
prednisone. The primary endpoint was pain response at week 6 confirmed at week 
12. The study ceased enrollment early due to the lack of survival benefit from 
COMET-1. In COMET-2, 15% of the cabozantinib group and 17% of the 
mitoxantrone- prednisone group had a pain response (−2% difference, 95% CI 
−16% to 11%, p = 0.8). As the difference in pain response was not statistically sig-
nificant, it was concluded cabozantinib did not provide better pain relief compared 
to mitoxantrone plus prednisone in mCRPC patients with symptomatic bone metas-
tases who had progressed on docetaxel and a second-generation anti-androgen.

COSMIC-021 is a trial that is studying the potential from a combination of a 
PD-L1 checkpoint inhibitor (atezolizumab) with cabozantinib in solid tumors. 
Cohort 6 of this study enrolled mCRPC patients with radiographic soft tissue pro-
gression after enzalutamide/abiraterone, measurable disease, and an ECOG of 1 or 
less [24]. After starting treatment, patients were assessed with scans every 6 weeks 
for the first year and then every 12 weeks. The objective response rate for the 44 
included patients was 32% and 48% of patients had stable disease. Overall, this 
meant that the combination achieved a disease control rate of 80%. The duration of 
response for all patients was 8.3 months. Tumor PD-L1 expression is planned to be 
reported. The treatment-related adverse events included fatigue (50%), nausea 
(43%), decreased appetite (39%), diarrhea (39%), dysgeusia (34%), and palmar- 
plantar erythrodysesthesia (32%). The results show meaningful activity, and the 
reporting of additional data on PD-L1 expression will provide insight into the 
potential utility of this as a biomarker of response to the combination of cabozan-
tinib and atezolizumab.

 Olaparib and Durvalumab

Another immunotherapy combination studied in mCRPC patients used the PD-L1 
inhibitor, durvalumab, and the poly(ADP-ribose) polymerase inhibitor (PARP), 
olaparib [25]. The study evaluated the combination of olaparib and durvalumab in 
patients with and without somatic and germline DDR mutations. The analysis 
reported here is of the mCRPC cohort of this study. The patients on this study had all 
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previously received enzalutamide and/or abiraterone. Out of the 17 patients enrolled, 
seven patients had been treated with vaccine therapy (sipuleucel-T and/or 
PROSTVAC). No patients were allowed to enroll if they had been previously treated 
with a checkpoint inhibitor. Nine out of 17 patients had a radiographic and/or PSA 
response with a decline of at least 50%. Median rPFS for all patients was 16.1 months 
with a 12-month rPFS of 51.5%. The median rPFS was the same for patients with 
alterations in DDR genes (16.1 months). Comparing the 12-month PFS probability 
in patients with DDR gene alterations versus those without showed a significant 
advantage in those with DDR gene alterations (83.3% vs. 36.4%, p = 0.031). As for 
toxicity, no patients had to be taken off the trial for toxicity and nausea was the only 
nonhematologic grade 3 or 4 toxicity, occurring in 2/17 patients. The rate of hema-
tologic grade 3 or 4 adverse events was 24% in anemia and 12% in lymphopenia. 
Four of the 17 patients had immune-related adverse events of any grade. Moreover, 
there was only one grade 4 toxicity seen in all the patients which was lymphopenia.

Still, a potentially important mechanistic finding of this study was the activity of 
this regimen among patients without biallelic inactivation in DDR pathways. There 
were early changes in innate and adaptive immunity that were associated with 
response as well: Patients with a baseline percentage of myeloid-derived suppressor 
cells (MDSC) among total viable cells that was less than or equal to the median had 
prolonged PFS. Future studies are required to better understand the clinical ramifi-
cations of these findings.

 Future Directions

Immunotherapy has not had the same success in prostate cancer as compared to 
other cancers. However, success with specific subgroups and with some combina-
tion approaches necessitates further exploration into potential clinically relevant 
avenues. One new direction to investigate is PD-L2. A study by Zhao et al. analyzed 
gene expression data from a mix of 7826 prospectively collected prostatectomy 
samples and 1567 retrospective samples [26]. The primary outcome measured was 
distant metastasis-free survival (DMFS), while secondary outcomes included bio-
chemical recurrence-free survival (bRFS), prostate cancer-specific survival (PCSS), 
and overall survival. Among other variables, the study assessed four immune check-
points (CTLA-4, PD-1, PD-L1, PD-L2) that are currently targeted by clinically uti-
lized therapies. Notably, PD-L1 was found not to be prognostic. PD-L2, which was 
expressed at higher levels than PD-L1 across all the samples in the study, was asso-
ciated with worse bRFS (HR 1.17, p = 0.01), DMFS (HR 1.25, p = 0.01), and PCSS 
(HR 1.45, p = 0.003). Prostate cancer tumors with higher expression of PD-L2 had 
worse outcomes without postoperative radiation therapy. However, tumors treated 
with postoperative radiation therapy that had high PD-L2 expression had equivalent 
outcomes to tumors with low PD-L2 expression not treated with postoperative 
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radiation. The data from this study suggest that tumors with higher PD-L2 expres-
sion are more aggressive. Although the patients studied here did not have metastatic 
prostate cancer, the findings still present an area for further inspection when dis-
cussing potential new targets in immunotherapy.

Antibodies able to select for multiple targets with a single construct have also 
been studied in prostate cancer. Two examples include bi-specific T-cell engagers 
(BiTEs) and tri-specific killer engagers (TriKEs). Both treatments are essentially 
polyspecific antibodies that target for two to three antigens on either T cells or natu-
ral killer cells, respectively. A phase I study of pasotuxizumab, a PSMA BiTE, was 
conducted in advanced CRPC patients (stage III/IV) who had treatment failure after 
at least one taxane and were refractory to abiraterone/enzalutamide or refused any 
other standard of care option [27]. The once daily subcutaneous maximum tolerated 
dose was 172.0 μg/d. There were 9/47 PSA responders (PSA reductions >50% rela-
tive to baseline) to the subcutaneous dosage. All patients discontinued treatment 
with the most common reason being radiologic disease progression. All patients had 
treatment-emergent adverse events (TEAEs) with the most common in descending 
order being fever, injection site reaction, chills, and fatigue. As for TEAEs of grade 
≥3, these were seen in 87% of the subcutaneous cohort and the most common was 
anemia and decreased lymphocyte count. While the safety has been determined, 
further evaluation of efficacy is needed.

TriKEs have been evaluated at the preclinical level in prostate cancer cell lines. 
In a preclinical study utilizing a TriKE that targeted EpCAM on tumor cells, the 
TriKE was shown to augment antibody-dependent cell-mediated cytotoxicity and 
improve the proliferation and activation of natural killer cells across multiple solid 
tumor cell lines, including prostate cancer cell lines [28]. TriKEs are being analyzed 
in clinical trials for hematological malignancies but have not yet made it to clinical 
analysis in the prostate cancer setting. Further preclinical studies are ongoing.

The immunotherapies covered so far in this chapter utilize mechanisms that are 
predominantly T-cell focused. In the olaparib plus durvalumab study by Karzai 
et al., baseline fraction of MDSCs was found to be associated with PFS. Other pre-
clinical data in support of further investigation into MDSCs suggest targeting cyto-
kines as a different way to affect the tumor microenvironment. Preclinical work by 
Lopez-Bujanda et al. examined cancer cells from castration-sensitive and castration- 
resistant prostate tumors [29]. They saw that castration led to significant secretion 
of IL-8, which caused intratumoral infiltration with polymorphonuclear (PMN) 
MDSCs, stimulating tumor progression. The role of IL-8 was further delineated 
when removing it from prostate cancer cells with CRISPR/Cas9 resulted in a 
decrease in intratumoral PMN-MDSC infiltration, as did utilizing antibodies to the 
IL-8 receptor. The decrease in PMN-MDSC infiltration made the prostate tumors 
more responsive to immune checkpoint blockage. A murine model from this study 
tested a therapeutic approach that blocked the IL-8 receptor at the time of ADT, but 
this was not effective [29]. However, combining blockade of the IL-8 receptor with 
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an anti-CTLA-4 antibody at the time of ADT resulted in significantly increased 
survival as compared to ADT by itself and anti-CTLA-4 antibody monotherapy in 
this preclinical setting (citation). The results from this study are the basis for an 
ongoing phase Ib/II trial of nivolumab with ADT versus nivolumab and an anti-IL-8 
monoclonal antibody with ADT in patients with hormone-sensitive prostate cancer. 
Another potential cytokine target that relates to MDSCs is IL-23. A study by 
Calcinotto et al. looked at the role of IL-23 in driving the development of metastatic 
castration-resistant prostate cancer [30]. Tumor samples from patients with mCRPC 
had increased intratumoral myeloid-derived suppressor cell (MDSC) infiltration 
and blood IL-23 concentration. IL-23 made by MDSCs sustained androgen receptor 
signaling contributing to androgen-independent tumorigenesis. Mice who were 
castration-resistant were treated with anti-IL-23 antibodies and enzalutamide. These 
mice had normalization of prostate glands affected by cancer, as there were decreases 
in both tumor volume and proliferation. This showed that treatment of castration- 
resistant mice with anti-IL-23 antibodies made them sensitive to androgen depriva-
tion therapy again. These studies support further investigation into cytokine-targeted 
regimens in the treatment of metastatic castration-resistant prostate cancer.

 Conclusion

The trials we have covered in this chapter all point toward antitumor activity of the 
multiple immunotherapies, although for the most part, survival benefits were largely 
lacking. Certain subsets of mCRPC patients, other than those currently able to 
receive immunotherapy under FDA-approved indications, did seem to have higher 
degrees of antitumor activity compared to the general mCRPC population 
(Table 7.1). As a type of cancer traditionally thought to be immunogenically “cold,” 
the data from these trials would suggest that identifying biomarkers for selecting 
metastatic prostate cancer patients for treatment may result in more robust responses 
just as promoting a higher degree of immunogenic stimulation to the treatment may 
produce more substantial results. This may be achieved with combinations of exist-
ing treatments or by treatments focused on new targets and must also balance toxic-
ity with efficacy. Additionally, examination of novel avenues, such as targeting 
additional checkpoints, immune cells beyond T cells, and utilizing polyspecific 
antibodies offer potential for expanding the therapeutic armament in prostate cancer 
treatment.
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Table 7.1 Summary of clinical immunotherapy studies in prostate cancer. Studies are listed in the 
order of citation in the chapter. All studies are done in the metastatic castration-resistant prostate 
cancer setting

Reference # Treatment Population Key outcome(s)

[2] Sipuleucel-T No visceral 
metastases

Prolonged OS by 4.1 months 
vs. placebo
No effect on PFS/PSA 
response

[8]* Anti-PD-1/PD-L1 MSI-H/dMMR 6/11 with PSA response
Longest ongoing response: 
89 weeks

[9]* Anti-PD-1/PD-L1 MSI-H/dMMR 8/15 with PSA response
7/8 responders on treatment at 
median 12mo f/u

[10]* Anti-PD-1 inhibitor CDK12 mutated 2/4 with significant decreases 
in PSA

[11]* Anti-PD-1 inhibitor 
(pembrolizumab/ 
nivolumab)

CDK12 mutated; ≥ 4 
systemic therapy

Median PFS 5.4 months

[14] Single fraction 
radiotherapy followed by 
ipilimumab

Post-docetaxel OS: 11.2 months with 
ipilimumab vs. 10 months 
with placebo (HR 0.85, 
p = 0.053)

[16] Ipilimumab Chemo-naïve OS: 28.7 months with 
ipilimumab vs. 29.7 months 
with placebo (HR 1.11, 
p = 0.3667)

[17] Pembrolizumab Post-chemo and 
targeted endo therapy; 
PD-L1 +/− (no 
control arm)

Median OS: 9.5 months 
cohort 1, 7.9 months cohort 2, 
14.1 months cohort 3

[18] Nivolumab + ipilimumab ≥1 second-generation 
hormone, pre/
post-chemo

Cohort 1: OS 19.0 months; 
G3–4 tRAE 42.2%
Cohort 2: OS 15.2 months; 
G3-G4 tRAE 53.3%

[19] Pembrolizumab + 
enzalutamide

Progressed on enza 41.7-month median OS in 
responders

[20] Atezolizumab + 
enzalutamide

Progressed on abi and 
docetaxel

OS: 15.2 months with atezo + 
enza vs. 16.6 months with 
enza (HR 1.12, p = 0.28)

[24] Cabozantinib + 
atezolizumab

Progressed on enza/
abi

ORR: 32%
Duration of response: 
8.3 months

[25] Durvalumab + olaparib +/− DDR mutations Median rPFS: 16.1 months in 
all patients and in patients 
with DDR mutations

*Denotes retrospective analysis. Studies without an asterisk are prospective studies

M. Atiq and R. Madan



145

References

 1. Bilusic M, Einstein DJ, Karzai FH, Dahut WL, Gulley JL, Aragon-Ching JB, et al. The poten-
tial role for immunotherapy in biochemically recurrent prostate cancer. Urol Clin North Am. 
2020;47(4):457–67.

 2. Kantoff PW, Higano CS, Shore ND, Berger ER, Small EJ, Penson DF, et  al. Sipuleucel-T 
immunotherapy for castration-resistant prostate cancer. N Engl J Med. 2010;363(5):411–22.

 3. Schellhammer PF, Chodak G, Whitmore JB, Sims R, Frohlich MW, Kantoff PW. Lower base-
line prostate-specific antigen is associated with a greater overall survival benefit from sipuleu-
cel- T in the Immunotherapy for Prostate Adenocarcinoma Treatment (IMPACT) trial. Urology. 
2013;81(6):1297–302.

 4. Sartor O, Armstrong AJ, Ahaghotu C, McLeod DG, Cooperberg MR, Penson DF, et al. Survival 
of African-American and Caucasian men after sipuleucel-T immunotherapy: outcomes from 
the PROCEED registry. Prostate Cancer Prostatic Dis. 2020;23(3):517–26.

 5. Fong L, Carroll P, Weinberg V, Chan S, Lewis J, Corman J, et al. Activated lymphocyte recruit-
ment into the tumor microenvironment following preoperative sipuleucel-T for localized pros-
tate cancer. J Natl Cancer Inst. 2014;106(11)

 6. Fong L, Weinberg V, Chan S, Corman J, Amling C, Stephenson RA, Simko J, Sims RB, Carroll 
P, Small EJ. 939P- neoadjuvant Sipuleucel-T in localized prostate cancer: effects on immune 
cells within the prostate tumor microenvironment. Ann Oncol. 2012;23(Suppl 9):ix310.

 7. Hagihara K, Chan S, Zhang L, Oh DY, Wei XX, Simko J, et  al. Neoadjuvant sipuleucel-T 
induces both Th1 activation and immune regulation in localized prostate cancer. Onco Targets 
Ther. 2019;8(1):e1486953.

 8. Abida W, Cheng ML, Armenia J, Middha S, Autio KA, Vargas HA, et  al. Analysis of the 
prevalence of microsatellite instability in prostate cancer and response to immune checkpoint 
blockade. JAMA Oncol. 2019;5(4):471–8.

 9. Graham LS, Montgomery B, Cheng HH, Yu EY, Nelson PS, Pritchard C, et al. Mismatch repair 
deficiency in metastatic prostate cancer: response to PD-1 blockade and standard therapies. 
PLoS One. 2020;15(5):e0233260.

 10. Wu YM, Cieslik M, Lonigro RJ, Vats P, Reimers MA, Cao X, et  al. Inactivation of 
CDK12 delineates a distinct immunogenic class of advanced prostate cancer. Cell. 
2018;173(7):1770–82.e14.

 11. Antonarakis ES, Isaacsson Velho P, Fu W, Wang H, Agarwal N, Sacristan Santos V, et  al. 
CDK12-altered prostate cancer: clinical features and therapeutic outcomes to standard sys-
temic therapies, poly (ADP-ribose) polymerase inhibitors, and PD-1 inhibitors. JCO Precis 
Oncol. 2020;4:370–81.

 12. Marabelle A, Fakih M, Lopez J, Shah M, Shapira-Frommer R, Nakagawa K, et al. Association 
of tumour mutational burden with outcomes in patients with advanced solid tumours treated 
with pembrolizumab: prospective biomarker analysis of the multicohort, open-label, phase 2 
KEYNOTE-158 study. Lancet Oncol. 2020;21(10):1353–65.

 13. Mehra N, van Riet J, Smith M, et al. In-depth assessment of metastatic prostate cancer with 
high tumour mutational burden. Ann Oncol. 2018;29:viii274.

 14. Kwon ED, Drake CG, Scher HI, Fizazi K, Bossi A, van den Eertwegh AJ, et al. Ipilimumab 
versus placebo after radiotherapy in patients with metastatic castration-resistant prostate 
cancer that had progressed after docetaxel chemotherapy (CA184-043): a multicentre, ran-
domised, double-blind, phase 3 trial. Lancet Oncol. 2014;15(7):700–12.

 15. Fizazi K, Drake CG, Beer TM, Kwon ED, Scher HI, Gerritsen WR, et al. Final analysis of 
the Ipilimumab versus placebo following radiotherapy phase III trial in Postdocetaxel meta-
static castration-resistant prostate cancer identifies an excess of long-term survivors. Eur Urol. 
2020;78(6):822–30.

 16. Beer TM, Kwon ED, Drake CG, Fizazi K, Logothetis C, Gravis G, et al. Randomized, double- 
blind, phase III trial of Ipilimumab versus placebo in asymptomatic or minimally symptomatic 

7 Immunotherapy for Metastatic Prostate Cancer



146

patients with metastatic chemotherapy-naive castration-resistant prostate cancer. J Clin Oncol. 
2017;35(1):40–7.

 17. Antonarakis ES, Piulats JM, Gross-Goupil M, Goh J, Ojamaa K, Hoimes CJ, et  al. 
Pembrolizumab for treatment-refractory metastatic castration-resistant prostate cancer: multi-
cohort, open-label phase II KEYNOTE-199 study. J Clin Oncol. 2020;38(5):395–405.

 18. Sharma P, Pachynski RK, Narayan V, Flechon A, Gravis G, Galsky MD, et al. Nivolumab plus 
Ipilimumab for metastatic castration-resistant prostate cancer: preliminary analysis of patients 
in the CheckMate 650 trial. Cancer Cell. 2020;38(4):489–99 e3.

 19. Graff JN, Beer TM, Alumkal JJ, Slottke RE, Redmond WL, Thomas GV, et al. A phase II single- 
arm study of pembrolizumab with enzalutamide in men with metastatic castration-resistant 
prostate cancer progressing on enzalutamide alone. J Immunother Cancer. 2020;8(2):e000642.

 20. Sweeney CJ, Gillessen S, Rathkopf D, Matsubara N, Drake C, Fizazi K, et al. Abstract CT014: 
IMbassador250: a phase III trial comparing atezolizumab with enzalutamide vs enzalutamide 
alone in patients with metastatic castration-resistant prostate cancer (mCRPC). 2020;80(16 
Suppl):CT014-CT.

 21. Pinto A. Cabozantinib: a novel agent with a dual mechanism of action for castration-resistant 
prostate carcinoma. Cancer Chemother Pharmacol. 2014;73(2):219–22.

 22. Smith M, De Bono J, Sternberg C, Le Moulec S, Oudard S, De Giorgi U, et  al. Phase III 
study of Cabozantinib in previously treated metastatic castration-resistant prostate cancer: 
COMET-1. J Clin Oncol. 2016;34(25):3005–13.

 23. Basch EM, Scholz M, de Bono JS, Vogelzang N, de Souza P, Marx G, et al. Cabozantinib ver-
sus Mitoxantrone-prednisone in symptomatic metastatic castration-resistant prostate cancer: a 
randomized phase 3 trial with a primary pain endpoint. Eur Urol. 2019;75(6):929–37.

 24. Agarwal N, Loriot Y, McGregor BA, Dreicer R, Dorff TB, Maughan BL, et al. Cabozantinib in 
combination with atezolizumab in patients with metastatic castration-resistant prostate cancer: 
results of cohort 6 of the COSMIC-021 study. J Clin Oncol. 2020;38(15_suppl):5564.

 25. Karzai F, VanderWeele D, Madan RA, Owens H, Cordes LM, Hankin A, et  al. Activity of 
durvalumab plus olaparib in metastatic castration-resistant prostate cancer in men with and 
without DNA damage repair mutations. J Immunother Cancer. 2018;6(1):141.

 26. Zhao SG, Lehrer J, Chang SL, Das R, Erho N, Liu Y, et al. The immune landscape of pros-
tate cancer and nomination of PD-L2 as a potential therapeutic target. J Natl Cancer Inst. 
2019;111(3):301–10.

 27. Hummel HD, Kufer P, Grullich C, Seggewiss-Bernhardt R, Deschler-Baier B, Chatterjee M, 
et  al. Pasotuxizumab, a BiTE((R)) immune therapy for castration-resistant prostate cancer: 
phase I, dose-escalation study findings. Immunotherapy. 2021;13(2):125–41.

 28. Schmohl JU, Felices M, Taras E, Miller JS, Vallera DA. Enhanced ADCC and NK cell activa-
tion of an Anticarcinoma bispecific antibody by genetic insertion of a modified IL-15 cross- 
linker. Mol Ther. 2016;24(7):1312–22.

 29. Lopez-Bujanda ZA, Haffner MC, Chaimowitz MG, Chowdhury N, Venturini NJ, Obradovic A, 
et al. Castration-mediated IL-8 promotes myeloid infiltration and prostate cancer progression. 
Nat Cancer. 2021;2:803–18, 651083.

 30. Calcinotto A, Spataro C, Zagato E, Di Mitri D, Gil V, Crespo M, et  al. IL-23 secreted by 
myeloid cells drives castration-resistant prostate cancer. Nature. 2018;559(7714):363–9.

M. Atiq and R. Madan



147© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2022
K. L. Stratton, A. K. Morgans (eds.), Urologic Oncology, 
https://doi.org/10.1007/978-3-030-89891-5_8

Chapter 8
Advances in Prostate Cancer Imaging

Ali Aria Razmaria, Heiko Schoder, and Michael J. Morris

 Introduction

The imaging of prostate cancer at different disease states has undergone a series of 
quantum leaps in the past decade. Imaging in prostate cancer serves, in part, the 
purpose of staging and risk-stratifying patients to formulate the most effective treat-
ment plan with the least adverse side effects. However, traditional imaging tech-
niques could only serve this role with significant limitations. Computed tomography 
(CT), for instance, has a size criterion of 1 cm for lymph nodes as threshold of rais-
ing suspicion for malignancy, which would not detect sub-centimeter or micro-
scopic nodal disease often encountered on pathologic specimens. Traditional 
Tc-99  m methylene diphosphonate (MDP) bone scan limited by inherent single 
photon emission scintigraphic spatial resolution in the 1 cm range would fall short 
of delineating early bone metastases. Magnetic resonance imaging (MRI), despite 
its exquisite soft tissue resolution, faces challenges in identifying malignant lymph 
nodes in sub-centimeter range. To compensate for the shortcomings of standard 
imaging, statistical tools such as nomograms function as decision support in patient 
management in prostate cancer. Nomograms offer predictions based on population 
statistics to an individual on the risk of extraprostatic disease at diagnosis, the risk 
of relapse after primary therapy, or the risk of developing metastatic disease at bio-
chemical relapse.

However, contemporary molecular imaging modalities can now more accurately 
depict a patient’s distribution of disease on an individual level. This additional 
insight can supplement information from predictive models to better tailor treat-
ment plans to an individual patient’s cancer and can translate into superior treatment 
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plans based on a more accurate understanding of a patient’s disease. Tailored treat-
ment plans can be devised by detailed knowledge of the disease characteristics and 
its distribution. The new paradigm of molecular imaging allows for detection of 
disease at a molecular level, at a stage where often no macroscopic structural abnor-
malities can be demonstrated. It holds the promise of answering questions not suf-
ficiently addressed by conventional imaging and better characterizes prostate cancer 
at its different stages. New methods have been successfully deployed to validate 
these new imaging modalities and establish reference standards for comparison.

This chapter introduces different positron emission tomography (PET) imaging 
probes in use for prostate cancer and their mechanisms of action. Subsequently, by 
way of following the clinical state model of prostate cancer, we will appraise data 
supporting the use of different imaging modalities in each disease state, addressing 
challenges in clinical trial design in each instance. An emphasis will be put on PET 
imaging techniques with molecular imaging principles.

 PET Imaging Techniques for Prostate Cancer

 F-18 Sodium Fluoride PET/CT or PET/MRI Bone Scan (F-18 
NaF PET Bone Scan)

The F-18-NaF PET bone scan has a mechanism of action similar to the MDP bone 
scan: chemisorption to hydroxyl apatite crystals in the extracellular matrix, as an 
indicator of osteoblastic bone turnover in response to metastatic lesions [1]. As a 
result, it is not the cancer but the osteoblastic activity of the bone surrounding the 
cancer that is imaged.

As compared to the planar single photon emission tomographic method used in 
the MDP bone scan, positron emission tomographic (PET) technology combined 
with companion low-dose CT or MRI offers better spatial resolution and immediate 
anatomic correlation. F-18-NaF PET/CT has superior diagnostic performance char-
acteristics compared to a conventional MDP bone scans [2]. In addition to diagnos-
tic advantages, F-18 NaF PET bone scan offers more patient convenience with 
faster study completion time (1 hour vs. typically 3 hours with an MDP bone scan), 
comparable radiation exposure, and only moderately increased cost [3]. However, 
the US Centers for Medicare and Medicaid Services does not cover this modality at 
the current time [4, 5].

 F-18 Fluorodeoxyglucose (FDG) PET

FDG is the most commonly used PET tracer in oncology. FDG is a glucose analog 
and is transferred by cell membrane glucose transporters (GLUT) into the cell, 
where it is phosphorylated by hexokinase and trapped [6]. Many cancers have 
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upregulated glycolytic metabolism with overexpression of glucose transporters. 
While early states of prostate cancer predominantly rely on non-glycolytic metabo-
lism (and FDG is therefore not suitable for disease staging or characterization), 
advanced states of the disease and high-grade tumors exhibit increased glucose 
metabolism [7, 8]. In the latter scenario FDG has a potential role as a prognostic 
biomarker and indicator of response to therapy [9–12].

 C-11 Choline or F-18-Choline PET

Choline, a major component of cell membrane phospholipids, is internalized into 
the cell by choline transporters and metabolized by choline kinase, an enzyme over-
expressed in several malignancies including prostate cancer [13–15]. The C11 iso-
tope has a short half-life of 20  minutes, requiring on-site cyclotron production, 
whereas F-18, with a half-life of 110 minutes, offers logistical advantages like cen-
tral radiopharmacy production and distribution. Otherwise, both tracers have simi-
lar imaging characteristics and detection rates [16]. Variable degrees of physiologic 
radiotracer activity in bone marrow and urinary tract, including the bladder, may 
interfere with the detection of early bone, pelvic nodal, and prostatic bed recurrent 
disease. Additional delayed post-void images may mitigate diagnostic limitations in 
the pelvis.

 F-18 Fluciclovine

F-18 fluciclovine (anti-1-amino-3-F-18-fluorocyclobutane-1-carboxylic acid, also 
known as anti-F-18-FACBC) is a radiolabeled synthetic amino acid PET tracer (a 
leucine analog) used for the imaging of upregulated amino acid metabolism in 
tumors including prostate cancer [17, 18]. The tracer enters the cell by amino acid 
transporters including alanine, serine, cysteine transporter 2 (ASCT2), and L-type 
amino acid transporter 1 (LAT1), with the latter being overexpressed in high-grade 
prostate cancer [19, 20]. F-18 fluciclovine is not metabolized once inside the cell 
and can leave the cell through the same transporters. In order to optimize distribu-
tion and also because of rapid influx and efflux of the tracer into and out of prostate 
cancer cells, imaging must start within 3–5 minutes of the injection of radiotracer 
[21–23].

The advantage of low urinary excretion makes this tracer desirable for prostate 
cancer imaging and constitutes an advantage over other available PET tracers. A 
disadvantage, however, is the relatively high skeletal, muscle, and bone marrow 
uptake [24]. The latter can interfere with detection of osseous metastases. In addi-
tion, prostate cancer cannot be ruled out in sclerotic bone lesions seen only on CT 
without radiotracer activity, since dense osteoblastic lesions may lack increased 
F-18 fluciclovine uptake [25].
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 Ga-68 or F-18 Prostate-Specific Membrane Antigen (PSMA)

Prostate-specific membrane antigen (PSMA) is a transmembrane protein highly 
expressed on benign prostatic tissue and overexpressed by 100–1000-fold in malig-
nant prostate epithelial cells. The PSMA gene was cloned in the research laboratory 
of Dr. Warren Heston at Memorial Sloan Kettering Cancer Center in 1993 [26–28]. 
Unlike prostate-specific antigen (PSA), which is truly prostate specific, other nor-
mal tissues like the brush border epithelium of the duodenum and small intestine, 
renal proximal tubule epithelium, salivary glands, as well as ganglions in nervous 
system also express PSMA [29–30]. Several other cancers express PSMA, includ-
ing urothelial cancer of bladder, neo-vasculature of clear cell renal cancer, or endo-
metrial cancer, albeit to a lesser extent than prostate cancer [30–34]. PSMA is a type 
2 transmembrane glycoprotein enzyme involved in folate metabolism and is also 
known as folate hydrolase 1 [35, 36]. In the nervous system, PSMA increases the 
excitatory neurotransmitter glutamate and is also referred to as glutamate carboxy- 
peptidase II (GCPII) [37]. PSMA activity in peripheral ganglionic tissue may pose 
a pitfall in interpretation of clinical scans. It is hypothesized that overexpression of 
this enzyme in malignancies may provide a growth advantage in low folate environ-
ments; other proposed functions are involvement in signal transduction and cell 
migration [38, 39].

The extent of PSMA overexpression in prostate adenocarcinoma correlates with 
Gleason grade [40, 41]. PSMA is also overexpressed in castration-resistant prostate 
cancer; cell lines with decreasing androgen sensitivity demonstrate increasing lev-
els of PSMA expression [42]. Androgen-receptor-mediated signaling and PSMA 
expression are interconnected, and there is an inverse relationship between andro-
gen levels and PSMA gene expression in experimental models [43, 44]. Preclinical 
studies demonstrate that androgen deprivation therapy (ADT) induces an increase in 
PSMA expression, although the ultimate effect of androgen deprivation is shrinkage 
in cell size and apoptosis [43]. Small-sized clinical studies appear to confirm the 
preclinical data with the difference that in castration-sensitive prostate cancer the 
rapid involutory effect of ADT appears to outweigh the initial increase in PSMA 
expression with the net effect of decreased detectability of lesions on PSMA scans 
[45]. Conversely, castration-resistant prostate cancer may display a more sustained 
PSMA overexpression or “PSMA flare” at further androgen manipulation with 
second- generation antiandrogens [46, 45]. However, larger studies in more defined 
prostate cancer phenotypes are required to confirm these initial observations.

Initial attempts to image prostate cancer using PSMA targeted the intracellular 
epitope (7E11) with indium-111-conjugated monoclonal antibodies (indium-111 
capromab pendetide, ProstaScint ®). This tracer found only limited use due to mul-
tiple factors, including the difficulty of the large antibody conjugate reaching the 
intracellular epitope, which is only exposed in necrotic cells with membrane disrup-
tion, as well as its suboptimal imaging properties.

The desired sensitivity and specificity for imaging was subsequently achieved 
with the development of monoclonal antibodies and especially small molecule 
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ligands to the extracellular domain, particularly the active catalytic site of PSMA 
[36]. Among monoclonal antibodies, J591 has been most investigated in clinical 
trials showing good tumor localization [47]. In general, imaging with monoclonal 
antibodies poses several potential disadvantages, however. First, antibodies have a 
relatively long circulation time, resulting in a low signal-to-noise ratio due to 
delayed blood clearance and nonspecific background activity. The delayed blood 
clearance requires longer times after injection of radiotracer before imaging can be 
performed with an acceptable signal-to-noise ratio. These properties imply that 
antibodies must be tagged with longer-lived isotopes, and patients must return typi-
cally 3–5 days after the injection for the actual imaging. Available isotopes with 
long half-lives such as zirconium-89 (Zr-89; physical half-life 78.4 hours) meet this 
need, but the logistical inconvenience to patients of a multiday study remains. An 
additional theoretical disadvantage pertains to tumor penetration by the relatively 
large-sized antibody protein. Use of antibody fragments (like single-chain frag-
ments) might be a possible solution for both challenges [48, 49].

Among several clinically introduced PSMA-targeting small molecule compounds, 
Ga-68 PSMA–N,N′-bis-[2-hydroxy-5-(carboxyethyl)benzyl]ethylenediamine-N,N′-
diacetic acid (68Ga-HBED-CC) also known as Ga-68 PSMA 11 is probably the  
best studied and most widely clinically used radiotracer (Fig. 8.1). Also, a robust 
body of literature exists for fluorine-18-conjugated PSMA compounds 
 N-[N-[(S)-1,3-dicarboxypropyl]carbamoyl]-4-18F-fluorobenzyl-l-cysteine, also 

PSMA

Androgen receptor (AR)

Hydroxyl-apatite

F-18 NaF

Tc-99 MDP

F-18 Fluciclovine

F-18 FDG

C-11 Choline
F-18 Choline

PSMA-Liands/Inhibitors

Ga-68/Lu-177-PSMA-
617
Ga-68 PSMA 11
Ga-68/Lu-177 PSMA I&T
F-18 DCFBC
F-18 DCFPyL
F-18 PSMA-1007

In-111 Capromab (ProstaScint ®)

Zr-89 J591

F-18 Flurodehydrotestosteron 

FDHT

FDHAR

Fig. 8.1 Radiotracer distribution and targets at cellular level. PSMA Prostate-specific membrane 
antigen, CHLT Choline transporter, FDG Fluorodeoxyglucose, GLUT Glucose transporter, NaF 
Sodium fluoride, MDP Methylene diphosphonate, ASCT2 Alanine, serine, cysteine transporter 2, 
LAT1 L-type amino acid transporter 1
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known as F-18 DCFBC, and the newer iteration 2-(3-[1-carboxy-5-[(6-fluoro-pyri-
dine-3-carbonyl)-amino]-pentyl]-ureido)-pentanedioic, also known as F-18 DCFPyL 
[50–53]. Ga-68 PSMA 11 and F-18 DCFPyL appear to have similar imaging charac-
teristics and share the mode of urinary excretion posing challenges in the detection 
of cancer in prostate fossa and in the vicinity of the bladder or ureters. Some centers 
utilize additional postvoid pelvic images with or without use of a diuretic to mitigate 
sometimes-faced diagnostic difficulties in the pelvis. Newer PSMA ligands without 
urinary excretion like F-18 PSMA-1007 or rh-PSMA-7 are promising, but limited 
data is available on these compounds at the current time [54, 55].

Although PSMA-11 has strong chelating properties for Ga-68, it does not bind 
the therapeutic radionuclides lutetium-177 (Lu-177) or yittrium-90 (Y-90) with 
the same stability. Other PSMA ligands including PSMA-671 or PSMA I&T [56] 
provide more stable binding for the therapeutic radionuclides. The PSMA-617 
ligand can be conjugated with Ga-68 for imaging and with Lu-177 for therapy and 
is the agent used in recent randomized therapeutic clinical trials [57–59]. 
PSMA-617 features reduced kidney uptake when compared to PSMA-11, which 
might be of benefit in the therapeutic scenario; however, it also features urinary 
mode of excretion with slightly slower tracer kinetics than PSMA-11, rendering it 
less favorable for imaging [60]. PSMA I&T can also be conjugated with Ga-68 
and with Lu-177 and demonstrates reduced hepatic uptake, but has lower lesion 
binding and higher background activity than PSMA-11 with the same mode of 
urinary excretion [61].

 F-18 Fluorodehydrotestosterone PET (F-18 FDHT PET)

Investigational use of F-18 FDHT PET has also garnered special interest in the set-
ting of advanced metastatic prostate cancer. Androgen receptor (AR) signaling 
plays a crucial role in the development and progression of metastatic prostate can-
cer. AR expression can be assessed noninvasively by F-18 FDHT, which is an ana-
log of dihydrotestosterone (DHT) [62, 63]. Since FDHT is an analog of endogenous 
DHT, there is competitive binding between the two molecules for AR, similar to the 
relation between FDG and high levels of plasma glucose in FDG PET/CT. Therefore, 
this agent is used in the androgen-deprived or castrate state to obtain good target 
binding of the tracer. F-18 FDHT enters the cell by passive diffusion through the 
cell membrane because of its lipophilic properties and combines with AR in cyto-
plasm before translocating to the nucleus. Of note, treatment with androgen recep-
tor blockers such as apalutamide, bicalutamide, or enzalutamide should be avoided 
to prevent interference with F-18 FDHT binding to AR [64]. F-18 FDHT has not yet 
been approved by the FDA for routine clinical use.

A cell-level depiction of distribution and targets of different tracers used in pros-
tate cancer imaging can be found in Fig. 8.1.
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 Localized Disease/Initial Staging

The difficulty of imaging prostate cancer is in part explained by its often-multifocal 
presentation on histology within the prostate gland and confounding factors includ-
ing commonly present benign prostatic hyperplasia or prostatitis. This is why an 
initial diagnosis is, in many cases, established by systematic sampling of the entire 
prostate gland as opposed to targeted biopsy of a suspicious lesion, as is the case in 
many other malignancies. The clinical questions in localized prostate cancer pertain 
to the presence of unifocal versus multifocal disease, extracapsular extension, semi-
nal vesicle invasion, and neurovascular bundle involvement. In cases of nomogram- 
predicted high probability of metastasis (intermediate- and high-risk disease), 
evaluation for metastatic sites, including nodal and osseous disease, becomes rele-
vant at initial staging. The presence of metastatic disease has direct implications for 
treatment planning and can change the approach from localized treatment to sys-
temic therapy or a combination of both.

The paucity of high-quality data in this realm is in part explained by challenges 
in trial design, which apply to imaging trials at all stages of prostate cancer but are 
most tangible in the setting of localized disease. Patients diagnosed with prostate 
cancer with low risk of metastasis based on elevated PSA who subsequently obtained 
standard systematic biopsy will undergo radical prostatectomy and template pelvic 
nodal dissection. Consequently, proposed new imaging modalities in this setting 
will always be compared to histology as gold standard. As a result, an imaging tool 
with a technical resolution limit in millimeter range will be compared to microscopy 
with resolution in micrometer range. Hence, the diagnostic performance of macro-
scopic imaging modalities invariably suffers in sensitivity; historically, for many 
clinicians, this has implied a lack of utility. Clinics are increasingly adopting the 
perspective that not all prostate cancers require treatment and not each microscopic 
focus is clinically relevant, sparking renewed interest in distinguishing specifically 
clinically relevant disease. The implementation of new outcome measures in imag-
ing trials — such as the detection of dominant focus of disease, high-grade disease, 
specificity, or correct localization  — has opened new avenues in imaging trial 
design. Although new molecular imaging probes narrow the gap between macro-
scopic and microscopic disease, and molecular tracers can overcome size con-
straints by high levels of target expression, the resolution boundaries of imaging 
instrumentation and hardware remain a limitation.

 Magnetic Resonance Imaging (MRI)

Multiparametric MRI (mpMRI) has changed the imaging landscape of localized 
prostate cancer by improving on the detection rates of high-grade tumors offered by 
ultrasound or computed tomography (CT). Due to its high soft tissue resolution, 
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MRI can also delineate locally advanced disease with relative accuracy, with a sen-
sitivity and specificity for extraprostatic extension of 49% and 82% and for seminal 
vesicle involvement of 45% and 96% [65, 66]. This anatomical characterization can 
inform subsequent treatment planning.

In a retrospective study of 150 prostate cancer patients, investigators evaluated 
the detection of clinically significant prostate cancer (Gleason score ≥4 + 3) by 
mpMRI and correlated imaging findings with whole mount pathology mapping 
from subsequent prostatectomy. Using the Prostate Imaging Reporting and Data 
System version 2 (PI-RADSv2), 94% (118/125) of peripheral zone and 95% (42/44) 
of transition zone tumors with a tumor volume equal or greater than 0.5 mL were 
detected. However, only 26% (7/27) of peripheral zone and 20% (2/10) of transition 
zone tumors with a Gleason score ≥4 + 3, but less than 0.5 mL tumor volume, were 
identified, pointing out the limited sensitivity in small-volume intermediate- to 
high-grade lesions [67]. As a result of data like these and others [68], prostate biop-
sies are increasingly performed based on MRI or as MRI-guided biopsies, in addi-
tion to systematic sampling of the prostate. At the current time mpMRI remains the 
imaging standard of choice for detection and localization of tumor within prostate 
gland and assessment of extracapsular extension or seminal vesicle involvement.

 PET Imaging Probes

Limited data exists evaluating the application of PET agents for intra-gland local-
ization of prostate cancer. Furthermore, many PET agents show similar uptake in 
prostate cancer, benign prostatic hyperplasia, and prostatitis reducing the ability to 
localize disease within the prostate. Nevertheless, preliminary data combining 
newer PET imaging agents with pelvic MRI for primary tumor localization 
(T-staging) suggest a beneficial effect in diagnostic performance. In a small pro-
spective study of 21 men with prostate cancer, serial 3 Tesla mpMRI of the prostate 
and F-18 fluciclovine PET/CT within 6-month interval were obtained to evaluate for 
localization of cancer within prostate. All patients underwent radical prostatectomy 
for histological confirmation. When all tumors where included, sensitivities and 
specificities of 67% and 66%, for F-18 fluciclovine PET/CT, and 73% and 79%, for 
MRI, respectively, were demonstrated. When localization of dominant tumors was 
assessed, both imaging modalities achieved 90% sensitivity. The combination of 
both modalities yielded a positive predictive value (PPV) of 82% for localization of 
any tumor within prostate, a value higher than each modality separately [69].

One can compellingly argue that the most important component of staging is not 
detection of disease in the prostate, which will be done by biopsy, but the detection 
of extraglandular disease. For most patients, the pelvic nodes represent the bound-
ary between locoregional and systemic disease and the potential for cure rather than 
chronic management. Hence, PET imaging has extensively been explored for the 
purposes of initial staging, with a particular toward assessing the status of the pelvic 
nodes. There is some prospective evidence for metabolic PET probes like choline 
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(C-11 or F-18) or F-18 fluciclovine in the setting of initial staging of intermediate- 
to high-risk prostate cancer. In a prospective study of 210 patients with intermedi-
ate- to high-risk prostate cancer, Poulsen et  al. evaluated the presence of nodal 
metastases at initial staging using F-18 choline with histological confirmation by 
pelvic node dissection. A sensitivity of 73.2% and specificity of 87.6% in per-patient 
nodal staging was demonstrated. Incidental bone lesions in 18 patients, consistent 
with metastases, not detected on standard bone scintigraphy, were noted. No central 
scan reporting or measure of inter-reader agreement was included [70].

Beheshti et al. evaluated F-18 choline PET in a prospective cohort of 130 patients 
with intermediate- to high-risk prostate cancer. With pathologic confirmation in 111 
(85%) patients, a per-patient nodal staging sensitivity and specificity of 45% and 
96%, respectively, was found. Interestingly, for lymph node metastases of 5 mm or 
larger in diameter, an improved sensitivity of 66% (unchanged specificity) was 
shown. Incidental detection of occult bone metastases in 13 patients was also 
reported. No central independent reporting or blinding to clinical history of readers 
was incorporated in the study design [71].

Using F-18 fluciclovine PET/MRI for preoperative lymph node staging in high- 
risk prostate cancer, Selnaes et  al. prospectively evaluated a small cohort of 28 
patients and compared findings of PET and MR images, interpreted by separate 
readers, using 3 Tesla MRI as scan equipment and the mpMRI protocol to assess the 
prostate. An extended pelvic lymph node dissection was carried out in 26 patients, 
who comprised the final study cohort. Patient-based sensitivity/specificity for detec-
tion of pelvic lymph node metastases was 40%/87.5% for MRI and 40%/100% for 
F-18 fluciclovine, respectively [72]. No independent central reporting or measure of 
inter-reader agreement was employed. Although small in size, this study suggests a 
higher specificity for F-18 fluciclovine than MRI at a similar sensitivity.

Finally, in a meta-analysis of both C-11 and F-18 choline PET, Evangelista et al. 
evaluated ten studies, the majority of which were prospective small- to moderate- 
sized cohorts (12–130 patients) including the study by Beheshti et al. (overall 441 
patients). In the setting of initial staging of intermediate- to high-risk prostate can-
cer and employing histological confirmation, a pooled sensitivity of 49% and pooled 
specificity of 95% was reported [73].

More robust, regulatory-quality contemporary data is available on PET agents 
that target the prostate-specific membrane antigen (PSMA) for initial staging. The 
FDA approved Ga-68 PSMA-11 PET in December 2020 and F-18 DCFPyl in May 
2021, multiplying the options for FDA-approved agents in the setting of initial stag-
ing of prostate cancer with increased risk for metastasis [74, 75]. Both PSMA PET 
agents appear to have similar imaging characteristics with direct comparisons 
between the two agents currently lacking. A summary of select studies with empha-
sis on pivotal trials leading to regulatory approvals of PET agents for initial staging 
of prostate cancer is provided in Table 8.1.

In the OSPREY study, a prospective multicenter trial, Pienta et al. evaluated the 
diagnostic performance with sensitivity and specificity as co-primary endpoints of 
F-18 DCFPyL PET in 252 patients with high-risk prostate cancer undergoing radi-
cal prostatectomy with pelvic lymphadenectomy (cohort A). In a separate cohort B, 
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93 evaluable prostate cancer patients with suspected recurrence or metastases on 
conventional imaging undergoing biopsies were enrolled. Central independent 
reporting of scans with blinding to clinical information was obtained and measures 
of inter-reader and intra-reader agreement provided. In cohort A, a median specific-
ity of 97.9% and median sensitivity of 40.3% (the latter not meeting the prespecified 
endpoint for sensitivity) was reported. In a post hoc sensitivity analysis of cohort A, 
exploring detection of nodal metastases larger than 5 mm, assuming that smaller 
tumor foci are below PET detection limits, resulted in a sensitivity of 60% 

Table 8.1 Summary of selected studies with emphasis on trials leading to FDA approval of PET 
agents in initial staging of high-risk prostate cancer

Total 
patients

PSA (ng/
mL)

Primary 
endpoint

Central 
read

Sensitivity 
(SE)
Specificity 
(SP)

Histopathologic 
confirmation

Nodal 
tumor 
size

Ga-68 
PSMA 11

Hope et al. 
2020 [77]

633 Median 
(range) 
11.1 
(0.04–
147)

SE/SP
Detection 
of PLNM

Yes SE 40%
SP 95%

277 patients 
(44%)

Average 
10 mm in 
TP
Average 
4 mm in 
FN

F-18 
DCFPyL

Osprey, 
Pienta 
et al. 2021 
[76]

268 Median 
(range)
9.7 
(1.2–
125.3)

SE/SP
Detection 
of PLNM

Yes SE 40.3%
SP 97.9%

252 patients 
(94%)

For 
>5 mm
SE 60%
SP 97.9%

F-18 
Choline

Beheshti 
et al. 2010 
[71]

130 Range 
0.25–462

SE/SP
Detection 
of PLNM

No SE 45%
SP 96%

111 patients 
(85%)

For 
≥5 mm
SE 66%
SP 97.9%

3 Tesla 
MRI

von Below 
et al. 2016 
[68]

40 Range 
10–20

SE/SP
Detection 
of PLNM

No SE 55%
SP 90%

40 patients 
(100%)

Average 
12.3 mm 
in TP
Average 
5.2 mm 
in FN

FN False negative, TP True positive, SE Sensitivity, SP Specificity, PSMA Prostate-specific mem-
brane antigen, PLNM Pelvic nodal metastasis, PET Positron emission tomography
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(unchanged high specificity), meeting the prespecified confidence bounds for sensi-
tivity. For cohort B, the median sensitivity and PPV for extraprostatic lesions were 
95.8% and 81.9%, respectively. F-18 DCFPyL PET, although similar in sensitivity 
to conventional imaging, including CT and MRI, demonstrated consistently higher 
specificity and PPVs in the setting of initial staging of high-risk prostate cancer [76].

Similarly, Hope et al. evaluated the sensitivity and specificity of Ga-68 PSMA 
PET for nodal detection in a prospective multicenter cohort of 633 patients with 
intermediate- to high-risk prostate cancer. Scans were read by independent central 
readers blinded to clinical information. A majority rule was applied for final consen-
sus interpretation. With histopathologic confirmation by way of pelvic nodal dissec-
tion in 277 patients (44%), a per-patient sensitivity of 40% and specificity of 95% 
were demonstrated. Also in this trial, the size of nodal involvement was associated 
with detectability with an average node size of 10 mm in true-positive patients as 
compared to 4 mm in false-negative patients [77].

In the proPSMA trial, a prospective multicenter randomized study with cross-
over design, authors investigated the accuracy of Ga-68 PSMA PET as first-line 
imaging compared to CT and bone scan for detection of pelvic nodal and distant 
metastases in patients with high-risk prostate cancer. Patients either underwent 
curative-intent surgery or radiotherapy. A predefined reference standard including 
histopathology, imaging, and biochemistry at 6-month follow-up was applied. 
Scans were reported by central independent readers in addition to local readers, and 
high measures of inter-reader agreement were reported. Of 339 assessed patients 
for eligibility, 302 men were randomly assigned equally to the two study arms. 
Patients crossed over unless three or more distant metastases were identified. Of 
295 (98%) men with follow-up, 87 (30%) had pelvic nodal or distant metastatic 
disease. Conventional imaging including CT and bone scan had lower sensitivity 
(38% vs. 85%) and lower specificity (91% vs. 98%) compared with PSMA 
PET-CT. In addition, management changes occurred more frequently with PSMA 
PET as compared to conventional imaging (28% vs. 15%), and PSMA PET con-
veyed less equivocal findings than conventional imaging (7% vs. 23%). Furthermore, 
in patients with second-line imaging following crossover, more management 
changes ensued after second-line PSMA PET versus second-line conventional 
imaging in 27% versus 5%, respectively. The authors concluded that PSMA PET is 
a suitable replacement for combined CT and bone scan in initial staging of high-
risk prostate cancer [78].

The proPSMA trial provided compelling high-quality evidence that PSMA PET 
can replace bone scan and CT in the initial staging of high-risk prostate cancer and 
can be considered practice-changing. However, the initial T-staging of high-risk 
prostate cancer will continue to rely on mpMRI, due to the shortcomings of cur-
rently available PSMA PET agents in the evaluation of the prostate gland, which 
relate in part to urine PSMA excretion and normal mild PSMA expression in pros-
tatic tissue.
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 Biochemical Recurrent (BCR) Prostate Cancer

Biochemical recurrence follows initial definitive treatment with curative intent, 
either with radical prostatectomy or radiation therapy. This crucial disease state 
represents recurrence without radiographic evidence of disease by standard tech-
niques. Biochemical recurrence is defined as when prostate-specific antigen (PSA) 
values rise above 0.2 ng/mL after radical prostatectomy or rise 2 ng/mL or more 
above the nadir PSA following definitive radiation therapy of the prostate (ASTRO 
Phoenix consensus definition) [79]. About 20–40% of patients after radical prosta-
tectomy [80–82] and 30–50% after radiation therapy [83] develop biochemical 
recurrence 10 years after treatment. The importance of this disease state and interest 
in more accurate imaging modalities rests on the assumption that early accurate 
detection of recurrent disease constitutes a window of opportunity for curative or 
“salvage” treatment. For instance, the RADICALS-RT randomized prospective 
phase III trial, comparing adjuvant radiation therapy versus salvage radiation in 
1396 men after prostatectomy with high-risk features for progression (i.e., pT3/4 
disease, Gleason score 7–10, positive margins, or preoperative PSA level >10 ng/
mL), supported early salvage radiation therapy over adjuvant radiation [84]. The 
results of this trial further increased the interest of clinicians in better characteriza-
tion of recurrent disease at low PSA values.

While the patterns of recurrence are variable, some clinicopathological charac-
teristics can help predict sites of recurrent disease which in turn can guide treatment 
decisions. For example, in patients with positive surgical margins after radical pros-
tatectomy, local recurrence is more common [85]. On the other hand, biochemical 
recurrence within 6 months of radical prostatectomy, short PSA doubling time, and 
unsurprisingly nodal involvement on pathology are predictors of metastasis [86–88].

Historically, patients with BCR underwent imaging with abdominopelvic com-
puted tomography and bone scan. However, these imaging modalities have limited 
sensitivity. For instance, a standard bone scan is positive for metastatic disease in 
less than 5% of cases if the PSA value is below 7 ng/mL in the biochemical recur-
rence setting [89–91]. Similarly, CT studies in men experiencing BCR after surgery 
with a mean PSA value in the range of 2.4–33.1  ng/mL detect disease in only 
11–14% of patients [92, 93].

One conundrum in clinical trial design in this setting in developing new imaging 
modalities is the establishment of a reference standard or gold standard. Often, the 
ideal scenario of obtaining histological confirmation in lesions detected by imaging 
is not feasible or possible due to small size, location, multiplicity, or patient prefer-
ence. In such situations, many well-designed studies establish a composite refer-
ence of “truth” based on subsequent imaging or PSA response to targeted therapy. 
As in the setting of initial staging of prostate cancer, the utility of F-18 FDG PET 
and F-18 NaF PET is not well established in the biochemical recurrence setting and 
has not been tested in well-designed prospective trials.

In the following section, FDA-approved PET agents in the biochemical recurrent 
setting will be discussed.
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 C-11 Choline or F-18 Choline PET

In the setting of BCR prostate cancer after radical prostatectomy or radiation ther-
apy, the US Food and Drug Administration (FDA) approved in 2012 the use of C-11 
choline PET after noninformative conventional imaging.

In a retrospective study of 176 patients with biochemical recurrence and a median 
PSA of 7.2  ng/mL, investigators evaluated the detection of recurrent disease by 
C-11 choline PET. Patients had undergone either a radical prostatectomy, radiation 
therapy, or cryoablation as initial treatment. Studies were reported as clinical reads 
by local readers with access to clinical information and prior imaging. No measures 
of inter-reader agreement were investigated. Histological confirmation was obtained 
in 73 patients (41%) with conventional imaging (CT, bone scan, and MRI) serving 
as confirmation in remaining cases. A per-patient sensitivity of 93%, specificity of 
76%, PPV of 91%, and an overall detection rate of 75% (132/176) were reported. 
Sites of detection were in the pelvic lymph nodes (68 of 132, 51.5%), prostatectomy 
bed (38 of 132, 38.8%), skeleton (26 of 132, 19.7%), mediastinum (3 of 132, 2.3%), 
and prostate (14 of 132, 10.6%). Detection rates based on PSA value were 31% at 
less than 0.5  ng/mL, 56% for 0.5–1.0  ng/mL, 68% for 1.1–2.0  ng/mL, 84% for 
2.1–5.0 ng/mL, and 89% above 5 ng/mL. The value of 2 ng/mL was proposed as the 
best cutoff to distinguish a positive scan from a negative scan with a probability 
value of 0.73. Findings on C-11 choline PET were deemed clinically useful and lead 
to a management change in 56% [94].

In a retrospective cohort of 358 patients with biochemical recurrence (mean PSA 
3.77 ng/mL) after radical prostatectomy, the diagnostic performance of C-11 cho-
line and detection rates for C-11 choline at different PSA values were studied. PET/
CT findings were validated using histological criteria in 13% (46/358) of patients 
and follow-up clinical and imaging criteria in 87% (312/358). Scans were inter-
preted by local readers independently with knowledge of clinical history and con-
sensus resolutions of discrepancies. An interobserver agreement of 94% was 
reported. Sensitivity, specificity, PPV, negative predictive value, and overall accu-
racy were 85%, 93%, 91%, 87%, and 89%, respectively. Overall detection rate was 
45% (161/358) with detection rate per anatomical region of 66% in lymph nodes, 
34% in prostatectomy bed, and 29% in skeleton [95]. Detection rates correlated 
with PSA value, with 13% in PSA equal or less than 0.6 ng/ml, 29% for 0.6–1 ng/
mL, 46% for 1–2 ng/mL, 60% for 2–5 ng/mL, and 83% above 5 ng/mL.

In a more contemporary retrospective cohort of 287 patients with biochemical 
recurrence (median PSA 0.94 ng/mL) after surgery or radiotherapy, investigators 
used C-11 choline PET for localization of recurrent disease. Two local readers, one 
blinded to clinical information and one unblinded, reported separately on each study 
utilizing a 3-point scale (0 = negative, 1 = equivocal, 2 = positive), with a consensus 
read constituting the final designation. Intra-reader and inter-reader concordance 
were 86% and 76%, respectively. When scores 1 and 2 were considered positive, an 
overall detection rate of 66% was found, and PSA level detection rates of 45% for 
less than 0.5 ng/mL, 56% for 0.5–0.99 ng/mL, 70% for 1.0–1.99 ng/mL, and 90% 
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for equal or greater than 2.0 ng/mL were obtained. Considering only scores of 2 as 
positive, the overall detection rate was 54%, and PSA cutoff detection rates were of 
28%, 46%, 62%, and 81%, PSA less than 0.5 ng/mL, 0.5–0.99 ng/mL, 1.0–1.99 ng/
mL, and equal or greater than 2.0 ng/mL, respectively, were reported. In the final 
consensus read, 47 (16.4%) scans were equivocal. Histological confirmation was 
obtained in 49 patients (17%). Patterns of recurrence were overall 20.3% in the 
prostate bed, 48% in the pelvic nodes, 5.6% in the extrapelvic lymph nodes, 10.5% 
in bone, and 1.4% in visceral metastases (17.8% extrapelvic metastases). Recurrent 
sites outside the initial treatment field were observed in 28% of patients [96].

A meta-analysis of 18 in majority retrospective studies including two of studies 
mentioned above, with a total of 2126 patients, demonstrated a pooled detection rate 
of 62% and a pooled sensitivity and specificity of 89% and 89%, respectively [97]. 
The studies varied in inclusion of patients after radical prostatectomy, radiation 
therapy, or both as well as in PSA value at time of imaging with a mean and median 
PSA ranging from 0.9 ng/ml to 21.1 ng/ml and 0.5 ng/ml to 10.7 ng/ml, respec-
tively. Reporting of scans varied across studies and some studies used readers 
blinded to clinical history to interpret results. All studies used a composite reference 
standard including histology (in average 26%), other imaging (CT, MRI, and bone 
scan), and clinical follow-up for more than 12 months, including repeated imaging 
after treatment. Pooled detection rates among studies were 27% for local recur-
rence, 36% for nodal metastasis, and 25% for bone metastasis.

 F-18 Fluciclovine

The diagnostic performance of F-18 fluciclovine in comparison to In-111 capromab 
pendetide was evaluated in a prospective single-center cohort of 50 patients with 
BCR (mean PSA 6.62 ng/mL) after definitive therapy for prostate cancer including 
prostatectomy and radiation therapy. Studies were each interpreted by two local 
readers with disagreement resolved by consensus. No measures of interobserver 
agreement were explored. The reference standard was a combination of tissue cor-
relation in 18% (9/50), imaging, laboratory, and clinical data. F-18 fluciclovine had 
a disease detection sensitivity and specificity in the prostate bed of 89% and 67% 
and a sensitivity of 100% and specificity of 100% in extraprostatic recurrence. F-18 
fluciclovine was more sensitive than In-111 capromab pendetide SPECT/CT in the 
detection of recurrent prostate carcinoma [98]. One might argue that the comparison 
to In-111 capromab pendetide, which is FDA approved in BCR setting, is not clini-
cally relevant.

In a multicenter retrospective study including 596 patients with BCR after initial 
therapy, including prostatectomy and radiation therapy, an overall detection rate of 
67.7% by F-18 fluciclovine was reported [99]. Image interpretation was based on 
clinical reads without utilization of central blinded readers. Anatomic site-specific 
detection rates were 38.7% in the prostate/prostate bed, 32.6% in pelvic lymph 
nodes, and 26.2% for metastatic involvement outside the pelvis. The overall 
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detection rate based on PSA level was 41.4% in the PSA range of 0.79 ng/ml or less, 
approximately 60% (45% for extraprostatic disease) in the range 0.8–2.03 ng/ml, 
approximately 75% (45% for extraprostatic disease) in the range 2.04–6.00 ng/ml, 
and approximately 85% (approximately 60% for extraprostatic disease) for PSA 
above 6 ng/mL. Based on histological confirmation in 143 patients, a lesion-based 
overall PPV of 62.2% with site-specific PPV of 92.3% for extraprostatic lesions and 
71.8% for prostate/prostate bed involvement was described. Patient-based sensitiv-
ity, specificity, and PPV were, 91%, 40%, and 82%. The authors associate the sub-
optimal specificity and PPV with confounding factors that occur when the prostate 
is still in place, caused by overlap of activity with prostatitis and BPH as well as, in 
part, sampling errors for histology. This assumption is supported by the relatively 
high proportion of patients after radiotherapy for prostate cancer in the cohort and 
discrepantly low lesion-based PPV for prostate/prostate bed lesions as compared to 
extraprostatic sites of disease.

In the LOCATE trial, a prospective multicenter study of 213 patients in BCR 
setting (median PSA 1.0 ng/mL), the authors evaluated as a primary endpoint the 
change in planned treatment. The study results were based on clinical reads without 
central readers or blinding of interpreters to clinical information. No routine histo-
logical confirmation was pursued, and diagnostic test performance was not the pri-
mary goal of the study. A detection rate of F-18 fluciclovine-avid lesions in 122 
patients (57%) was reported. The detection rate was 30% in the prostate/prostate 
bed and 38% outside the prostate, i.e., 29% in lymph nodes, 2.3% in soft tissue, and 
11% in bone.

Detection rates based on PSA values in this trial were 31% for PSA ranges of 
0–0.5 ng/ml, 50% for PSA 0.5–1.0 ng/ml, 66% for PSA 1.0–2.0 ng/ml, approxi-
mately 75% for PSA 2.0–5.0 ng/mL, and approximately 87% above 5 ng/mL. A 
change in management after the scan was instated in 59% of patients [100].

The differences in detection rate between the different studies are explained by 
their different populations  — e.g., radical prostatectomy patients versus patients 
after radiation therapy with prostate gland in situ — as well as different PSA cutoff 
values. A recent systematic review and meta-analysis reported a pooled sensitivity 
of 0.79 (95% CI 0.60–0.91) and a pooled specificity of 0.69 (95% CI 0.59–0.77) for 
F-18 fluciclovine for BCR prostate cancer [101].

The higher diagnostic yield by F-18 fluciclovine PET compared to conventional 
imaging including CT, bone scan, or MRI has repercussions in assessment of eligi-
bility for and planning of radiation therapy (RT). The EMPIRE-1 study, a single- 
center, phase II/III trial, randomized 165 patients with biochemical recurrence and 
negative conventional imaging to either standard template-based RT versus RT 
informed by F-18 fluciclovine PET [102]. All patients had prior radical prostatec-
tomy with a median PSA of 0.34  ng/mL at time of recurrence. Radiation fields 
included the prostate bed, with or without inclusion of pelvic lymph nodes. The 
primary outcome was 3-year event-free survival, defined as biochemical recurrence 
or progression, or initiation of systemic therapy. Four patients in the F-18 fluciclo-
vine PET group were deemed ineligible for RT due to extrapelvic or skeletal lesions. 
With a median follow-up of 3.5 years, a significant difference in event-free survival 
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of 63.0% (95% confidence interval 49.2–74.0) in the conventional imaging group 
versus 75.5% (95% confidence interval 62.5–84.6) in the F-18 fluciclovine PET 
group (difference 12.5; 95% confidence interval 4.3–20.8; p = 0.0028) was observed. 
This study indicates that beyond improvements in diagnostic test performance, this 
new-generation PET agent translates into tangible clinical benefit. Similar maturing 
radiation therapy clinical trials evaluating PSMA-PET tracers and comparing 
PSMA PET to F-18 fluciclovine PET are underway and will likely better inform 
indication and planning of radiation therapy for BCR prostate cancer.

 Ga-68 or F-18 Prostate-Specific Membrane Antigen (PSMA)

Based on FDA approval of Ga-68 PSMA-11 PET in December 2020 and F-18 
DCFPyl in May 2021 also in the BCR setting, concomitant with time of compilation 
of this book chapter, the choices of FDA-approved agents in this disease state of 
prostate cancer have further expanded [74, 75]. Both PSMA PET agents appear to 
have also similar imaging characteristics in BCR scenario with head-to-head com-
parisons currently not available.

A prospective multicenter trial of Ga-68 PSMA evaluated 635 patients with 
biochemical recurrence (median PSA 2.1  ng/mL) after radical prostatectomy or 
radiation therapy with the endpoints of PPV, detection rate, and inter-reader repro-
ducibility, using central readers with three independent reads per study and blind-
ing of readers to clinical information or prior imaging. Lesions were validated by 
histopathologic analysis in 87 patients and a composite reference standard in 
remaining cases. An overall detection rate of 75% and site-specific detection rate of 
26% in prostate bed/prostate, 38% in pelvic lymph nodes (N1 disease), 17% in 
extrapelvic lymph nodes or visceral organs (M1a/M1c disease), 16% in bones 
(M1c disease), and 7% in multiple sites (Multiple M1) were reported [103]. 
Overall, 35% had pelvic-only disease and 49% extrapelvic involvement. Detection 
rates based on PSA cutoffs were 38% for PSA values less than 0.5 ng/mL, 57% for 
PSA 0.5–1.0 ng/mL, 84% for PSA 1.0–2.0 ng/mL, 86% for PSA 2.0–5.0 ng/mL, 
and 97% for PSA values above 5.0 ng/mL. A patient-based PPV of 84% by histo-
pathologic validation was demonstrated and 92% by composite reference standard 
where no histopathologic confirmation was available. Interestingly, several cases 
of false-positive interpretation were intraprostatic lesions after radiation 
 therapy [103].

The CONDOR trial, a prospective multicenter study of F-18 DCFPyL PSMA 
PET, evaluated 208 men after primary therapy including prostatectomy and radia-
tion therapy for prostate cancer, who were experiencing biochemical relapse 
(median PSA 0.8  ng/mL) without evidence of disease on conventional imaging 
[53]. The primary endpoint of the study was correct localization rate (CLR), a term 
that corresponds to PPV with the additional requirement of anatomical colocaliza-
tion. This endpoint as corresponded to the F-18 DCFPyL PET-positive lesions that 
met the criteria of the study’s composite standard of truth. The reference standard of 
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truth consisted of histopathology in 31 patients, correlative imaging in 100 patients, 
and PSA response after radiation therapy in one patient. Central independent read-
ers blinded to clinical information as well as local readers were utilized. A CLR of 
84.8–87.0% was reported. This finding translates to a 13.0–15.2% false-positive 
rate. Region-based PPVs were 79.5% for prostate/prostatic bed, 70.9% for pelvic 
lymph nodes, 67.4% for extrapelvic metastasis (M1), 61.5% for extrapelvic lymph 
nodes (M1a), 62.5% for bone (M1b), and 28.6% for visceral disease. The overall 
detection rate was 59–66% and rose with PSA values, with 36% at less than 0.5 ng/
mL, 51% for 0.5–1.0 ng/mL, 67% for 1.0–2.0 ng/mL, 85% for 2.0–5.0 ng/mL, and 
97% for 5.0  ng/mL and above. A change in intended management occurred in 
63.9% of evaluable patients. A high inter-reader and intra-reader agreement was 
achieved.

There is a paucity of data comparing C-11 choline/F-18 choline, F-18 fluciclo-
vine, and Ga-68 PSMA-11/F-18 PSMA DCFPyL in the setting of BCR prostate 
cancer. In a small prospective study of 50 patients with BCR after radical prostatec-
tomy undergoing F-18 fluciclovine and C-11 choline PET scans, overall detection 
rates were 34% versus 22% (37 lesions vs. 23 lesions, respectively, p-value < 0.0001) 
[104]. Site- specific detection rates for F-18 fluciclovine and C-11 choline were 10% 
versus 6% for local recurrence (5 vs. 3 lesions, p-value < 0.0001), 20% versus 10% 
for nodal disease (15 vs. 6 lesions, p-value < 0.0001), and 10% versus 8% for bone 
metastasis (17 vs. 14 lesions, p-value < 0.0001), respectively. Detection rates based 
on PSA cutoff values were 21% versus 14% below 1 ng/mL, 20% versus 13% for 
1–2 ng/mL, 33% versus 17% for 2–3 ng/mL, and 60% versus 40% above 3 ng/mL. It 
is hypothesized that the suggested superiority of F-18 fluciclovine over C-11 choline 
may have biological underpinnings. For example, in prostate cancer cell lines, fluci-
clovine uptake is higher than choline, acetate, or methionine uptake [105, 106].

Another small, prospective study comparing Ga-68 PSMA-11 to F-18 fluciclo-
vine demonstrated higher detection rates with PSMA-11 PET, especially in the low 
PSA range. A head-to-head comparison of 50 patients experiencing biochemical 
recurrence after prostatectomy and with PSA range of 2 ng/mL or less demonstrated 
an overall detection rate of 56% for Ga-68 PSMA-11 versus 26% for F-18 fluciclo-
vine (Odds ratio of 4.8, 95% CI 1.6–19.2; p-value = 0.0026) [107]. In the same 
study, site-specific detection rates of Ga-68 PSMA-11 and F-18 fluciclovine were 
30% versus 8% (Odds ratio 12.0, 95% CI 1·8–513·0, p = 0·0034) for pelvic nodal 
disease and 16% versus 0% for any extrapelvic lesions (Odds ratio and CI non-
estimable, p-value = 0·0078), respectively. Of note, detection of local recurrence in 
the prostate bed suggested a trend towards superior detection with F-18 fluciclovine 
(14% vs. 18%), although this finding remains hypothesis-generating and in need of 
further evaluation.

In the absence of high-quality comparative evidence, it appears prudent to com-
bine pelvic MRI with PSMA PET (if available) for local pelvic evaluation of dis-
ease in the BCR setting. In fact, based on physiologic excretion of Ga-68 PSMA and 
F-18 PSMA PET agents, evaluation of local recurrence in prostatic fossa may be 
compromised. Furthermore, PSMA PET has limited sensitivity in detection of 
recurrent prostate cancer within prostate gland after radiation therapy, likely due to 
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false-positive PSMA activity in postradiation inflammatory prostate gland changes 
[103]. F-18 fluciclovine is the only approved PET agent in the BCR setting with no 
or limited urinary excretion and may be considered as a tracer to evaluate suspected 
or equivocal findings in the prostatic surgical bed.

The advent of new targeted molecular imaging tracers like PSMA that can better 
detect disease will serve to redefine disease states. For example, patients considered 
to have non-metastatic castration-resistant prostate cancer (nmCRPC) based on 
conventional imaging will likely be reclassified with better imaging tools, as having 
metastatic disease. A vivid demonstration of this stage migration was published in 
a retrospective review of 200 patients classified as nmCRPC based on conventional 
imaging at six different centers who then underwent PSMA PET imaging. Central 
review revealed that 196 patients had positive scans, with 55% reclassified as hav-
ing M1 disease despite negative conventional imaging [108]. This stage migration 
has significant implications for clinical trial design in terms of defining both eligi-
bility criteria and relapse.

Approximately 5–10% of prostate cancers do not express PSMA to a significant 
degree on immunohistochemistry (IHC) [109]. These cancers are as expected 
PSMA-PET negative [110, 111]. Furthermore, there is heterogeneity in the intensity 
and extent of PSMA expression in primary tumors and to a lesser degree also in 
lymph node metastases on IHC [112, 113]. Although prior reports show strong asso-
ciations between tumor grade and PSMA expression, even high-grade and high- 
volume metastatic disease can be PSMA-negative [113]. There appears to be a 
correlation between PSMA expression in the primary tumor (or percentage of tumor 
negative for PSMA) and nodal metastasis, which is associated with PSMA-PET 
detectability [113].

An illustration of different PET tracers commonly used in biochemical settings 
is provided in Fig. 8.2. Table 8.2 summarizes select studies with an emphasis on 
pivotal trials leading to regulatory approvals of PET agents for BCR prostate cancer.

 Metastatic Prostate Cancer

In the United States, 5% of patients present with a diagnosis of metastatic disease, 
versus 77% with localized and 11% with regional disease [114]. Approximately, 
15% of patients with localized disease treated with curative intent primary therapy 
develop metastatic disease with most frequent sites in lymph nodes (38.2%) and 
bones (36.8%) [115]. In the United States, a 5-year survival for metastatic prostate 
cancer improved from 28.7% from 2001–2005 to 32.3% from 2011–2016 [114]. 
This is at least in part related to expanded effective treatment strategies.
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 Treatment Response

The purpose of imaging in advanced metastatic disease is to describe the extent of 
disease, provide information on response to therapy, and define the etiology of clini-
cal symptoms, such as pathologic fractures or cord compression. Cornerstones of 
imaging at this stage remain conventional imaging, including bone scan, CT, and 
MRI.  Computed tomography is of value to delineate nodal disease and visceral 
involvement. MRI is helpful in better characterizing visceral disease with the prob-
able exception of lung and early bone metastases. The standard MDP bone scan 
remains relevant in the metastatic setting and is included in the recommendations of 
the Prostate Cancer Clinical Trial Working Group 3 (PCWG 3) for assessment of 
osseous metastatic disease in clinical trials [116]. These criteria for defining radio-
graphic progression in metastatic prostate cancer are a prospectively validated mea-
sure of progression that correlates well with overall survival and has therefore 
earned regulatory recognition for the purposes of new drug approval [117–119]. 
According to PCWG 3 recommendations, progression of osseous disease is con-
firmed only if two or more lesions appear on first bone scan after initiation of ther-
apy and at least an additional two lesions are seen on the subsequent bone scan at 
least 6 weeks later. At later time points in the course of treatment, osseous progres-
sion is established if at least two new confirmed lesions appear relative to the first 

F-18 Sodium 
Fluoride PET/CT 
Bone Scan 
Prostatectomy, PSA 
2.0 ng/mL. 
Metastasis to left 7th

rib (arrow).
Degenerative uptake 
along the spine 
(arrowhead).

C-11 Choline PET/CT  
Radiation to prostate, 
PSA 4.8 ng/mL. 
Suspicious left pelvic 
lymph nodes (arrow), 
reactive right axillary 
lymph nodes 
(arrowhead). 
Note normal diffuse 
tracer activity in bones 
and lack of activity in 
bladder.

F-18 Fluciclovine 
PET/CT  
Prostatectomy, PSA 3.3 
ng/mL, Local recurrence 
at bladder neck (arrow). 
Note normal diffuse 
tracer activity in bones 
and lack of activity in 
bladder.

Ga-68 PSMA PET/CT  
Prostatectomy, PSA 1.4 
ng/mL. Suspicious 
retroperitoneal lymph 
node (arrow). 
Note normal tracer 
activity in bladder 
(arrowhead).  

Fig. 8.2 Use of different PET probes in biochemical recurrence prostate cancer. PET Positron 
emission tomography, CT Computed tomography, PSA Prostate-specific antigen
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on-treatment scan [116]. These recommendations avoid misinterpreting a flare after 
initiation of therapy as progression or transient benign osseous foci as disease. 
However, few prospective studies have examined, much less validated, a definition 
for response assessments for new imaging modalities.

F-18 NaF bone scan has capabilities similar to the MDP bone scan, with increased 
sensitivity and more precise quantification stemming from the addition of improved 
resolution based on PET technology. Several studies demonstrate the value of NaF- 
PET bone scan for quantification of osseous metastatic burden, response to therapy, 
and differentiation between flare phenomena and true progression in bone-only 
metastatic prostate cancer [120, 121]. Nonetheless, F-18 NaF is still limited to 
imaging bone, rather than any quality of the tumor itself.

In all likelihood, PSMA will be used to assess treatment response for metastatic 
disease; however, studies validating how a meaningful change on a PSMA scan 
manifests have yet to be performed.

 Biologic Characterization

FDG-PET provides prognostic information on dedifferentiating prostate cancer 
with high glycolytic activity [7, 11, 12] and is frequently used at some centers in this 
stage of disease. It has received increasing scrutiny for its potential role in identify-
ing aggressive cancers that may have undergone treatment-emergent lineage plas-
ticity, which occurs as a complex adaptive process involving both genomic and 
epigenetic factors when prostate cancers are subjected to androgen signaling inhibi-
tion [122–126]. Preliminary studies have indicated that FDG has a role in identify-
ing neuroendocrine prostate cancer on a lesional level [127]; even more provocatively, 
FDG has been combined with FDHT to directly image for the presence of androgen 
receptor expression with an intact ligand binding domain. In a cohort of 133 men 
with metastatic castration-resistant prostate cancer (mCRPC) who were naïve to 
androgen receptor signaling inhibitors (ARSi), Fox et  al. performed serial FDG 
PET/CT and FDHT PET/CT scans evaluating for glycolysis and androgen receptor 
expression patterns with correlation to overall survival. In 2405 lesions, the follow-
ing imaging phenotypes emerged: 71.2% with both FDG and FDHT avidity, 16.0% 
with FDHT but not FDG avidity, and 12.7% with FDG but not FDHT avidity. The 
latter group would be expected to have the most similarities to a population under-
going lineage plasticity, and indeed these patients had the worst prognosis of any 
group. The study demonstrated that the heterogeneity of the PET/CT phenotype has 
clinical relevance on a lesion and patient level. Most lesions expressed androgen 
receptors, consistent with the initial benefit of second-line ARSi drugs in the 
mCRPC setting. At the same time, on a patient level, 49% had at least one lesion 
without FDHT uptake and with FDG uptake — the imaging phenotype with the 
most negative effect on survival, possibly due to ARSi resistance [128]. This work 
must be considered preliminary, with future studies comparing imaging findings 
and biologic correlates.
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The ability to noninvasively assess AR expression can be used as part of drug 
development as a pharmacodynamic marker. FDHT was indeed used in the original 
dose-finding studies for both enzalutamide and apalutamide to establish AR satura-
tion and occupancy and can be used for the development of new classes of 
AR-degrading agents or inhibitors for pre-treatment stratification, planning of clini-
cal trials, and response assessment [129, 130].

 Theranostics

With the advent of new therapeutic avenues using PSMA-targeting radionuclide 
therapies, the use of molecular imaging to determine PSMA expression as part of a 
theranostic approach in advanced prostate cancer will grow increasingly relevant in 
the near future. Emerging data support the use of lutetium-177 PSMA-targeted ther-
apy in the setting of advanced metastatic prostate cancer. In the TheraP trial, a ran-
domized phase II multicenter trial evaluating lutetium-177 PSMA-617 (Lu-177 
PSMA) versus cabazitaxel in patients with metastatic castration-resistant prostate 
cancer [59], 200 patients underwent Ga-68 PSMA-11 PET as well as F-18 FDG 
PET imaging as part of their eligibility assessment. Patients included in the study 
were those with PSMA-expressing disease and no sites of metastatic disease with 
discordant FDG-positivity and PSMA-negative findings. A case of discordant 
PSMA PET and FDG PET is illustrated in Fig. 8.3. PSA responses were signifi-
cantly more frequent among patients in the Lu-177 PSMA arm than in the cabazi-
taxel arm: 65% versus 37% (66% vs. 37% by intention to treat; difference 29% 
[95% CI 16–42; p < 0·0001; and 66% vs. 44% by treatment received; difference 
23% [95% CI 9–37; p = 0·0016]).

The international VISION trial, a randomized open-label phase III study evaluat-
ing Lu-177 PSMA-617 plus standard of care (SOC) in men with PSMA-positive 
mCRPC versus SOC alone, recently reported similarly positive outcomes with sig-
nificantly improved primary endpoint of overall survival in the Lu-177 PSMA-617 
group (median OS, 15.3 vs. 11.3 months; HR, 0.62 [95% CI: 0.52, 0.74]; p < 0.001, 
one-sided). The other primary endpoint, radiologic progression-free survival (rPFS), 
was also strongly positive, with a 60% reduction in the risk of radiographic progres-
sion or death and a 5-month improvement in time to rPFS (HR = 0.40, p < 0.001, 
median 8.7 vs. 3.4 months). These patients were selected only on the basis of Ga-68 
PSMA 11 scans alone with no FDG imaging. Eighty-seven percent of the patients 
were allowed into the study on the basis of a positive PSMA PET scan, with only 
13% screen-failing by imaging criteria. These data would suggest that FDG imaging 
may not be necessary to identify patients who will clinically benefit from therapeu-
tic lutetium-based PSMA-directed radioligand therapy. Whether or not FDG further 
improves outcomes, or PSMA alone is sufficient, or even the relationship between 
either imaging modality or a treatment benefit from Lu-177 PSMA-617 is not 
known. These areas will all require further study. These recent therapy trials suggest 
that the novel radioligand therapy with Lu-177 PSMA-617 will soon enter the 

8 Advances in Prostate Cancer Imaging



170

clinical practice for the treatment of advanced prostate cancer and that PSMA PET 
imaging will play a key role in determining the eligibility of patients for this 
treatment.

In summary, imaging of prostate cancer at its various stages is undergoing a 
transformation. The fight against prostate cancer will benefit broadly from molecu-
lar imaging paradigms. The abundance of available choices in imaging options, as 
compared to a decade ago, approaches the metaphor of a transition from famine to 
feast. Responsibility now lies in the hands of experienced clinicians and imaging 
experts to tailor the optimal imaging approach, in full awareness of strengths and 
shortcomings of each modality, meeting clinical need along the spectrum of disease 
stages in prostate cancer.

Ultimately, new imaging modalities, beyond diagnostic test performance, ideally 
need to demonstrate improved patient outcomes. Initial high-level evidence demon-
strates the benefit in such outcomes achieved by new-generation PET imaging tools. 
Ongoing and future studies will potentially further substantiate the translation of 
better imaging characterization of prostate cancer to improved patient outcomes.

Ga-68 PSMA PET (Panel A) and FDG PET (Panel B) in a patient with metastatic castration
resistant prostate Cancer (PSA 361 ng/mL) within 1-week interval. Intense PSMA activity in osseous 
and hepatic metastasis without significant activity in FDG avid pulmonary metastasis, thoracoabdominal
adenopathy and masses encasing left upper urinary tract. Lack of tracer activity in left kidney due to
obstructive nephropathy.  

a b

Fig. 8.3 Concurrent use of FDG PET and Ga-68 PSMA PET in advanced prostate cancer. PSMA 
Prostate-specific membrane antigen, FDG Fluorodeoxyglucose, PET Positron emission 
tomography
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Chapter 9
Bone Health Management

Zineb Hamilou and Fred Saad

 Introduction

Prostate cancer is the most frequent non-skin cancer and the third leading cause of 
death from cancer in men in the United States [1]. Consistent advances in prostate 
cancer treatments led to considerable improvement in survival of these patients. 
Indeed, when localized, the prognosis is excellent with a recently reported 1.5 
deaths per 1000 person-years (CI 0.7–3.0) at 10 years of median follow-up [2]. For 
the proportion of 5–10% of patients presenting with metastatic disease, the addition 
of novel androgen receptor axis-targeted therapies (ARAT) or early chemotherapy 
to androgen deprivation therapy (ADT) improved greatly their median overall sur-
vival now reaching 6.6 years [3]. By 2024, it is estimated that prostate cancer survi-
vors in the United States will exceed four million in number [4]. Increasingly, 
clinical trials are now incorporating health-related quality of life data and patient- 
reported outcome measures to capture treatment late effects.

ADT is the frontline of systemic treatment for prostate cancer across all stages, 
whether it is prescribed transiently in patients with localized disease, intermittently 
in nonmetastatic patients, or indefinitely in metastatic patients [5–7]. Despite the 
need for this therapy, its multiple side effects can impact the quality of life of 
patients and cause secondary late physical complications. These side effects are also 
associated with significant economic costs to the health system.
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Bone health is particularly important for men with prostate cancer as the bone is 
the primary site of metastasis in 90% of the cases [8]. Skeletal integrity is thus 
impacted by the disease itself and by ADT.  By reducing bone mineral density 
(BMD), ADT increases the risk of osteoporotic fragility fractures [9–11]. It was 
estimated that osteoporotic skeletal fractures occur in up to 20% of men within 
5  years of starting ADT [10]. Moreover, reduction in BMD combined with the 
occurrence of bone metastases raises the occurrence of skeletal-related events 
(SREs), defined as fractures, spinal cord compressions, need for bone surgery, or 
radiation therapy. In addition to bone metastasis reducing quality of life, SREs are a 
main cause of morbidity in these patients and are associated with a 6.6-fold mortal-
ity risk compared to patients without metastasis or SREs [12]. For many years, bone 
loss remained underdiagnosed and undertreated. This chapter is dedicated to review-
ing the factors regulating bone homeostasis, the pathophysiology of bone loss sec-
ondary to ADT, its clinical complications, and pharmacological and 
non-pharmacological options offered to these patients.

 Physiology of Bone Remodeling

Bone remodeling is a continuous physiological process under the strict regulation of 
osteoclast and osteoblast activity in response to mechanical strain, microcracks, and 
hormonal changes in the bone environment. After bones have completed their lon-
gitudinal growth, 10% of the bone is remodeled per year [13]. In order to keep a 
stable bone mass, multiple signaling pathways regulate this process. Despite this 
balance, gradual bone loss still occurs throughout the years, its degree being related 
to genetic predisposition, lifestyle, and comorbidities [14].

Advanced age is a main risk factor of loss of BMD. Independently of sex steroid 
hormone levels, different mechanisms contribute to normal aging of the bone. They 
include increased oxidative stress, increased apoptosis of osteoblasts and osteo-
cytes, and alterations in decreased efficiency of macroautophagy mechanisms [15, 
16]. The rate of loss of cortical bone mass is estimated at 0.5–1%/year in healthy men.

Sex steroid hormones are essential for bone growth and maturation [17]. They 
reduce excessive oxidative stress and slow down the rate of bone turnover, thus 
protecting against osteoporosis. First, testosterone is converted to dihydrotestoster-
one (DHT), the most active androgen in the prostate via 5-alpha-reductase enzyme. 
Second, via aromatase activity in the adipose tissue, testosterone is also converted 
to estradiol. While DHT binds to the androgen receptor (AR) of osteoblasts in corti-
cal and trabecular bone, estradiol binds to the estrogen receptor in the osteoblasts 
and osteoclasts and is mainly implicated in the trabecular bone remodeling [17, 18]. 
More precisely, testosterone and DHT upregulate osteoblast AR expression, pro-
mote their differentiation, and inhibit the interaction of receptor activator of nuclear 
factor-kappa B ligand (RANK-L) with its receptor consequently regulating osteo-
clast activity [19]. Androgens and estradiol prevent osteoblast apoptosis, stimulate 
osteoclast apoptosis, and decrease osteoclastogenesis. Therefore, sex steroids help 
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increase cortical bone formation resulting in the attainment of the peak of the bone 
mass in the first three decades of life [20]. Levels of sex steroids diminish with 
aging and so does their protective effect on bone remodeling. First, there is an 
increase in sex hormone-binding globulin, directly reducing the bioavailability of 
these hormones. Also, production of testosterone and activity of follicle-stimulating 
hormone (FSH) and luteinizing hormone (LH) are reduced [21].

With normal aging, the cortical compartment of the bone is increasingly remod-
eled compared to the trabecular compartment, leading to increased cortical porosity 
and thinning [21].

In the last decades, some lifestyle factors have been recognized to directly influ-
ence bone mineral density. Sufficient supply of calcium, vitamin D, and sun expo-
sure are strongly recommended to prevent osteoporosis. Vitamin D acts conjointly 
with parathyroid hormone to regulate calcium and phosphate levels [22]. Deficiency 
of calcium and phosphate impairs bone formation and mineralization and decreases 
muscular mass and strength raising the risk of falls. Physical activity also prevents 
osteoporosis by different mechanisms. It decreases oxidative stress and triggers 
osteocyte-bone remodeling by putting mechanical pressure and load on the entire 
musculoskeletal system. Chronic, excessive intake of alcohol in turn decreases 
BMD and inhibits new bone formation, thereby increasing the risk of fractures. 
Finally, there is a clear association between cigarette smoking and a deficit in 
BMD [14].

 Evaluation of Bone Mineral Density

Osteoporosis is diagnosed clinically if a fragility fracture at the spine, hip, wrist, 
humerus, or pelvis is present. In the absence of a fracture, osteoporosis is diagnosed 
according to the World Health Organization (WHO) guidelines by the standard 
modality of dual-energy X-ray absorptiometry (DXA) (Table  9.1) [23]. Among 
other techniques available to evaluate BMD, DXA is the only technology that can 

Table 9.1 Diagnostic categories for osteoporosis and low bone mass based upon BMD 
measurement by DXA

Category Bone mass

Normal A value for BMD within 1.0 standard deviation (SD) of the young adult 
reference mean (T-score greater than or equal to −1.0 SD)

Low bone mass 
(osteopenia)

A value of BMD more than 1.0 but less than 2.5 SD below the young 
adult reference mean (T-score less than −1 and greater than −2.5 SD)

Osteoporosis A value for BMD 2.5 or more SD below the young adult reference 
mean (T-score less than or equal to −2.5 SD)

Severe (established) 
osteoporosis

A value for BMD more than 2.5 SD below the young adult reference 
mean in the presence of one or more fragility fractures

Data from WHO scientific group on the assessment of osteoporosis at the primary health care 
level: summary meeting report, 2004
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be used for both diagnostic classification and serial evaluation of the patients. 
Moreover, many studies established a correlation between low BMD measured by 
DXA and osteoporotic fractures [24, 25]. Overall, there is an approximately twofold 
increase in risk of such fractures for each standard deviation decrease in BMD.

However, many patients present with fractures without a diagnosis of osteoporo-
sis according to a T-score of −2.5 or less, stressing the importance of clinical risk 
factors [26].

The University of Sheffield launched in 2008 Fracture Risk Assessment Tool 
(FRAX) based on data collected from large prospective, observational studies of 
men and women of different ethnicities and world regions [13]. FRAX tool esti-
mates the 10-year probability of hip fracture and major osteoporotic fracture for 
untreated patients between ages 40 and 90 years by combining clinical risk factors 
for fracture with femoral neck BMD (g/cm2, using dual-energy X-ray absorptiom-
etry [DXA]), when available (Table 9.2). Unlike other clinical models, FRAX has 
been validated in approximately 26 independent cohorts, mainly comprised of 
women [27].

 Pathophysiology of Bone Metastasis in Prostate Cancer

In 1889, Stephen Paget hypothesized in his “seed-and-soil” theory that cancer cells 
metastasize to a site where the local microenvironment is favorable [28]. Indeed, 
bone tissue offers an environment rich with several growth factors such as trans-
forming growth factor B, insulin-like growth factors I and II, fibroblast growth fac-
tors, platelet-derived growth factors, bone morphogenetic proteins, and calcium. 
These growth factors are all released during bone remodeling induced by the metas-
tasis and allow its growth. In addition, the bone/bone marrow compartment may 
produce factors and certain vascular growth factor types favoring bone tumor 
growth. In turn, tumor cells produce adhesive molecules that bind them to marrow 
stromal cells and bone matrix [29].

Bone metastases are described as osteolytic or osteoblastic, and often cancers 
present one way or another along this continuum of bone remodeling [30].

Table 9.2 Clinical risk factors of osteoporosis included in FRAX risk assessment tool

Age (increasing age is at higher risk)
Gender (female at greater risk than male)
Low body mass index
Personal history of fragility fracture
Glucocorticoid therapy
Parental history of hip fracture
Current cigarette smoking
Excessive alcohol consumption (3 or more units per day)
Rheumatoid arthritis
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Except for multiple myeloma where metastases are exclusively osteolytic, a 
patient may have either pattern. Unlike osteolytic metastases, mechanisms of osteo-
blastic metastasis and factors involved are less recognized [30].

In prostate cancer, bone metastases are mostly osteoblastic even if markers of 
bone resorption are also increased, suggesting a degree of osteolysis [31]. Prostate 
cancer cells produce several factors responsible for the vicious cycle behind osteo-
blastic metastases such as urokinase-type plasminogen activator and PSA, a kalli-
krein serine protease. These factors can block tumor-induced bone resorption and 
activate osteoblastic growth factors such as IGF-I and IGF-II or TGF-B to promote 
metastatic growth [32].

 Treatment-Related Bone Loss

In addition to androgen suppression, many patients with advanced prostate cancer 
are exposed to glucocorticoids. Indeed, prednisone is a part of many regimens for 
men with metastatic prostate cancer, including use with chemotherapy agents 
docetaxel and cabazitaxel and abiraterone acetate [33, 34–38]. Depending on the 
disease state, prednisone is prescribed at 5–10 mg per day with these therapies.

 Consequences of Glucocorticoids

Glucocorticoid-induced osteoporosis is the most common secondary cause of osteo-
porosis, and vertebral fractures are characteristic of glucocorticoid-induced osteo-
porosis. Interestingly, bone loss is seen after only 3–6  months of initiation of 
glucocorticoids and is dose related [39]. In a large database, fracture incidence rate 
was estimated at 5–9/1000 person years even with doses under a prednisone equiva-
lent of 15 mg/day [40].

Glucocorticoids are associated with decreased bone formation and a transient 
early increase of bone resorption creating a negative remodeling balance through 
many mechanisms. Upregulation of peroxisome proliferator-activated receptor 
gamma receptor 2 (PPARy2) favors the differentiation of pluripotent precursor cells 
to adipocytes in preference to osteoblasts. Increased expression of sclerostin inhib-
its Wnt signaling resulting in reduced differentiation of osteoblast and increased 
apoptosis of osteoblasts and osteocytes [41]. Glucocorticoids also increase the pro-
duction of macrophage colony-stimulating factor (M-CSF) and RANKL and 
decrease production of osteoprotegerin (OPG) by osteoblastic cells and osteocytes 
amplifying the number and activity of osteoclasts [42].

Glucocorticoids also contribute to bone loss via indirect effects. They are a cause 
of hypogonadism, increased renal and intestinal losses of calcium, reduced physical 
activity, myopathy, and increased risk of falls.
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 Consequences of Androgen Deprivation Therapy

Prostate cancer is an androgen-driven disease, and androgen deprivation therapy is 
the backbone of all therapies currently employed for patients affected with prostate 
cancer. ADT is carried out in two ways, either by gonadotropin-releasing hormone 
(GnRH) agonists or GnRH antagonists. After initiation of ADT, testosterone falls to 
castrate levels rapidly, reaching a nadir within 2 to 4 weeks [43, 44].

 Consequences on Bone Metabolism

ADT reduces cortical and trabecular bone most rapidly during the first year of its 
initiation with a reported 5–10% loss of bone marrow density. Thus even patients 
with short-term ADT experience reduction in BMD. This effect continues as long as 
sex steroid levels are diminished. Earlier data estimated that without bone protective 
treatment, approximately 3000 excess fractures per year would be attributable to the 
use of GnRH-directed treatment [10].

Previous data already showed biochemical evidence of hypogonadism in up to 
50% of men with hip fractures and a fivefold increase in hip fracture risk compared 
to men with eugonadal function. Moreover, orchiectomy in men with prostate can-
cer results in a 7-year cumulative fracture incidence of 13.6% versus 1.1% in non- 
castrate men [45]. Small prospective trials revealed that six out of 12 patients treated 
with GnRH agonist treatment had a statistically significant decrease in femoral 
BMD of 6.6% [46]. Later, one of the first trials examined BMD in 60 patients with 
prostate cancer receiving GnRH agonist therapy and compared it to 197 healthy 
controls of similar age. Significantly lower BMD was found at the lateral spine, 
total hip, and forearm (all p < 0.01) [47]. Urinary N-telopeptide and bone-specific 
alkaline phosphatase were elevated in the group under GnRH translating an increase 
in bone turnover [47]. The same authors examined prospectively the timing of bone 
loss under ADT in 152 men with prostate cancer. After 12 months, men who received 
ADT for less than 6 months had a significant reduction in BMD just like men who 
received ADT for 6 months and more [44]. This BMD reduction was present at 
multiple skeletal sites, and loss of BMD was most significant in the first year after 
ADT initiation. After 3 years of testosterone suppression, radius bone loss contin-
ued, suggesting that preventive measures should be implemented without delay and 
BMD should be monitored as long as patients are castrated [44].

In 2005, a large study recruited nonmetastatic prostate cancer men from a claims- 
based cohort to characterize the relationship between GnRH agonists and risk for 
clinical fractures [48]. A group of 3887 patients were compared to a control group 
of 7774 patients who did not receive ADT. The rate of any clinical fracture was 7.88 
per 100 person-years at risk compared to 6.51 per 100 person-years (RR 1.21; 95% 
CI, 1.14 to 1.29; p < 0.001). The risk of vertebral fractures was also increased (RR 
1.45; 95% CI, 1.19 to 1.75; p < 0.001). In a multivariate analysis, men who received 
less than 1 year of GnRH agonist had no significant increase in fracture risk com-
pared to men who never received this therapy [48].
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Contemporaneously, records from 50,613 men from the Surveillance, 
Epidemiology, and End Results program (SEER) and Medicare program were 
retrieved to examine the occurrence of fracture under GnRH agonist therapy [10]. 
During 12–60 months after diagnosis, 19.4% of patients in the ADT group had a 
fracture compared to 12.6% patients in the control group (p < 0.001). In addition, 
5.2% of patients in the treatment group were hospitalized because of fracture com-
pared to 2.4% (p < 0.001). There was a linear trend to the relative risk of the occur-
rence of any fracture or a fracture that resulted in a hospitalization with increasing 
number of doses of GnRH agonist therapy (p < 0.001). Finally, fracture risk was 
higher in older patients and in patients who received more doses of GnRH agonist 
therapy. As an example, the number needed to harm for the occurrence of any frac-
ture in this study was 74 among patients 66–69  years of age who received four 
doses, whereas it was only 12 among those 80 years of age who received nine or 
more doses.

 Management of Bone Health and Bone Metastases (Tables 9.3 
and 9.4; Fig. 9.1)

It is established now that ADT affects the bone health of men living with prostate 
cancer across many stages. Early on bisphosphonates and later denosumab proved 
to be valuable agents for the prevention of osteoporosis-related fragility fractures 
and skeletal-related events in patients with prostate cancer. Multiple randomized 
controlled trials demonstrated their effectiveness, and clinical practice guidelines 
from different societies such as European Association of Urology (EAU), European 
Society for Medical Oncology (ESMO), American Society of Clinical Oncology 
(ASCO), National Comprehensive Cancer Network (NCCN), and Ontario’s Critical 
Care are now available for therapists caring for these patients [49–51].

Patients under long-term ADT and thus at high risk of osteoporosis must have 
their risk of fracture estimated according to a recognized tool such as the FRAX 
evaluation tool. Baseline bone mineral density conventional dual-energy X-ray 
absorptiometry should ideally be offered to patients before the start of ADT and 
repeated according to the T-score of the patient and current guidelines, either 
annually if T-score is between −2.5 and −1.0 or, every 2 years if it is greater than 
−1.0 [49–51]. Supplemental intake of at least 1000 mg of calcium daily and 800 IU 
of vitamin D daily is endorsed by many expert panels, all the more in patients receiv-
ing denosumab or bisphosphonates [52]. Non-pharmacological interventions for the 
prevention of ADT-induced osteoporosis include also smoking cessation, alcohol 
intake limitation, and physical exercise [49–51]. In this matter, small trials compared 
exercise programs with usual care or group exercise versus personal training. Despite 
minor changes in lean body mass, no significant improvement in area BMD was 
found. These trials were all limited by very small cohorts (under 100 patients) and 
short study periods [53–55]. One positive trial investigated the effect of recreational 
football intervention on BMD in patients with prostate cancer on ADT. Patients who 
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Tables 9.3 and 9.4 Summary of clinical guidelines for management of bone health in 
prostate cancer

Prevention of androgen deprivation therapy-related osteoporosis and fracture

Target population: Men with nonmetastatic prostate cancer at high risk of fracture receiving 
ADT/men with metastatic hormone-sensitive prostate cancer/men with nonmetastatic castrate 
prostate cancer
BMD assessment with DXA combined with risk prediction tool such as FRAX at the initiation 
of ADT
Monitoring of BMD according to initial T-score/WHO guidelines
Smoking/alcohol counseling
Exercise
Calcium at least 1000 mg per day/vitamin D at least 800 UI per day
Initiate bone-targeted therapy if T-score <2.0 or high FRAX scorea: Denosumab preferentially, 
bisphosphonates if denosumab contraindicated or not available
Monitoring of calcium, renal function
Dental evaluation before start of bone-targeted therapies
Counseling on osteonecrosis of the jaw
Optimal duration of treatment not clear, up to 36 months
Prevention of skeletal-related events

Target population: Men with metastatic castration-resistant prostate cancer
Initiate monthly treatment with denosumab or zoledronic acid at SRE prevention dosages as 
early as possible
Monitoring of calcium, renal function
Calcium at least 1000 mg per day/vitamin D at least 800 UI per day
Dental evaluation before initiation of bone-targeted therapies
Counseling on osteonecrosis of the jaw and dental exam before start of bone-targeted therapies
Optimal duration of treatment not clear, maximum of 24 months based on trials
Radiotherapy when indicated to palliate pain and prevent bone complications

aThe current National Osteoporosis Foundation Guide recommends treating patients with FRAX 
10-year risk scores of > or = 3% for hip fracture or > or = 20% for major osteoporotic fracture, to 
reduce their fracture risk

Patient on ADT

> 1 risk factor or T-score
< -2

or FRAX high risk

Exercise
Vitamine D + calcium

Bisphonates or denosumab
DXA in 2 years

1 risk factor and T-score
> -2 and

FRAX not high risk

Exercise
Vitamind D+ calcium

Consider bisphophonates or
denosumab

DXA in 1 year 

T-score > -2 and no risk
factors,

and FRAX not high risk

Exercise
Vitamind D + calcium

BMD 1-2 yearsRisk factors 
Age > 65 
T-score < -1.5 
Oral glucocorticoid > 6 months  
Fragility fracture 
Family history of hip fracture 
BMI < 24 
Smoking (current or history) 

Fig. 9.1 Proposed approach for men on ADT
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participated in the football intervention arm had a significant 2.1% difference at the 
lumbar spine (p = 0.0144), a 1.7% difference at the femoral neck (p = 0.078), and 
1.7% difference at the hip (p = 0.015) as compared with standard of care arm [56].

 Bone-Targeted Agents: Bisphosphonates and Denosumab 
(Table 9.5)

Bisphosphonates are pyrophosphate analogs that attach to hydroxyapatite binding 
sites of active bone metabolism and inhibit osteoclastic bone resorption [21]. When 
osteoclasts cause resorption of a bone impregnated with bisphosphonate, the agent 
released impairs osteoclast adhesion and production of the protons necessary for 
continued bone resorption. Bisphosphonates also decrease osteoclast progenitor 
development and recruitment and promote their apoptosis. Less importantly, they 
may prevent osteocyte and osteoblast apoptosis. Bisphosphonates are classified as 
nitrogen-containing (zoledronic acid, risedronate, ibandronate, alendronate) or not 
(etidronate, clodronate, tiludronate), the first group being more potent. Nitrogen- 
containing bisphosphonates inhibit the enzyme farnesyl pyrophosphate (FPP) syn-
thase, disrupting protein prenylation. This process creates cytoskeletal abnormalities 
in the osteoclast, promotes its detachment from the bone, and results in reduced 
resorption [57, 58]. Bisphosphonates are available orally and in intravenous prepa-
rations. Orally, they are poorly absorbed, only in 1–5% of the total dose. With a 
half-life of approximately 1 hour, they are cleared rapidly from the plasma but may 
persist in the bone for the patient’s lifetime [59].

Denosumab is a monoclonal antibody agent against the receptor activator of 
nuclear factor-kappa B ligand (RANKL) and thus blocks osteoclast activity [21]. 
RANKL activates osteoclast precursors and osteolysis promoting the release of 
bone-derived growth factors. Denosumab binds to RANKL and blocks the interac-
tion between RANKL and RANK preventing osteoclast formation. Denosumab 
onset of action is quite rapid. It decreases markers of bone resorption by 85% within 
3 days with maximal reductions observed at 1 month.

Table 9.5 Recommended doses and administration schedules for bone-targeted agents

Drug Indication Recommended dosage

Denosumaba ADT-osteoporosis 60 mg subcutaneous injection every 6 months
SRE prevention 120 mg subcutaneous injection every 4 weeks

Zoledronic acid ADT-osteoporosis 5 mg intravenous infusion once per yearb

SRE prevention 4 mg intravenous infusion every 3–4 weeksb

Pamidronate ADT-osteoporosis 60 mg intravenous infusion every 3 months
Alendronate ADT-osteoporosis 70 mg per os once weekly
Risedronate ADT-osteoporosis 35 mg once weekly

aDenosumab. Should not be given to patients with preexisting hypocalcemia until it is corrected. 
Patients with conditions predisposing to hypocalcemia should be monitored closely
bZoledronic acid, pamidronate, alendronate, and risedronate are not recommended below creati-
nine clearance of 30 ml/min or less and should be adjusted in cases of renal insufficiency
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 Prevention and Treatment of Osteoporosis 
and Fragility Fractures

Nonmetastatic prostate cancer patients at high risk of fracture receiving ADT have 
access to denosumab which proved a benefit in reducing risk of fracture. 
Alternatively, if this therapy is contraindicated or not available, bisphosphonates 
showed also a clear benefit in improving BMD without reduction in the risk of frac-
ture. For this indication, denosumab is prescribed at a dose of 60 mg subcutaneously 
twice a year. While optimal duration is unknown, studies provided data up until 
36 months of therapy [49–51].

In a multicenter randomized double-blind placebo-controlled trial, 1468 patients 
undergoing ADT received denosumab at a dose of 60 mg subcutaneously compared 
to 734 patients in the placebo group. All patients took daily supplements of calcium 
and vitamin D. At 25 months, denosumab increased significantly bone mineral den-
sity at all measured sites. Denosumab was also associated with decreased incidence 
of new vertebral fracture at 12, 24, and 36 months, and levels of biochemical mark-
ers of bone turnover decreased significantly in the treatment group [60].

In the early 2000s, many bisphosphonates, such as pamidronate, alendronate, 
neridronate, and zoledronate, have been shown in some randomized controlled trials 
to prevent bone loss associated with ADT in nonmetastatic prostate cancer patients. 
A systematic meta-analysis reviewed data from 1017 participants across ten trials. 
The analysis evaluated both bone mineral density as an intermediate outcome and 
the more clinically important endpoint that is the occurrence of new fractures. 
Pooled results showed that there was no significant effect of treatment on fractures 
for participants in 1 year despite statistically improved BMD at different sites (lum-
bar spine, femoral neck, and total hip) [61].

The majority of trials addressed osteoporosis prevention in nonmetastatic 
hormone- sensitive prostate cancer. Patients with metastatic hormone-sensitive pros-
tate cancer were rarely included. These patients may also benefit from treatment 
with denosumab or bisphosphonates at the osteoporosis-indicated dosage, espe-
cially if a low T-score is diagnosed or if the FRAX score suggests an elevated risk 
of developing fragility fracture.

 Prevention of Skeletal-Related Events

Both denosumab and zoledronic acid are recommended for patients with metastatic 
castrate-resistant prostate cancer (mCRPC) to delay SREs.

For men with mCRPC, trials including early-generation bisphosphonates such as 
pamidronate did not prove a reduction in skeletal-related events for this population. 
In contrast, a phase III double-blind trial of 643 patients with mCRPC demonstrated 
benefit associated with zoledronic acid in preventing SREs [62]. In this study, men 
with mCRPC received placebo or 8 mg zoledronic acid initially that was reduced 
later to 4 mg because of renal toxicity. This trial demonstrated an 11% reduction in 
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≥1 SRE associated with zoledronic acid when compared with placebo (p = 0.021). 
Median time to first SRE was 321 for patients on placebo and was not reached for 
patients taking zoledronic acid (p = 0.011). Long-term results confirmed this bene-
fit. Among 122 patients who completed a total of 24 months on study, fewer patients 
in the 4 mg zoledronic acid group than in the placebo group had at least one SRE 
(11% difference, p = 0.028). Median time to first SRE was significantly reduced 
from 488 days to 321 days in the placebo group (p = 0.09). Finally, zoledronic acid 
also reduced the risk of ongoing SREs by 36% (p = 0.002).

Less than a decade later, denosumab was compared to standard of care zole-
dronic acid for the prevention of SRE in men with mCRPC. In a multicenter ran-
domized phase III trial, 1904 patients were randomized to denosumab 120  mg 
subcutaneously every 4  weeks and to 4  mg intravenous zoledronic acid [63]. 
Denosumab increased significantly bone mineral density in all sites within 1 month 
and the effect continued at 24 months. It was also associated with a significant 62% 
decrease of cumulative incidence of new vertebral fractures (p = 0.006). Finally, 
median time to first on-study SRE was 20.7 with denosumab versus 17.1 months 
with zoledronic acid (p = 0.008 for superiority) [63].

In regard to nonmetastatic CRPC, denosumab increased bone metastasis-free 
survival (MFS) by a median of 4.2 months compared to placebo (p = 0.028) and 
time to first bone metastasis (33.2 vs. 29.5 months, p = 0.032) [64]. Given the rela-
tively short prolongation of MFS, the lack of any survival advantage, and the risks 
related to ONJ with long-term exposure, denosumab was not approved for metasta-
sis prevention for men with nmCRPC.

Recently there have been disease-directed treatment advances in the manage-
ment of hormone-sensitive metastatic prostate cancer with the addition of upfront 
docetaxel or novel ARATs to ADT. The pioneer multi-arm multistage STAMPEDE 
trial contributed greatly to the improvement of overall survival of men presenting 
with metastasis, regardless of their risk and tumor burden.

Under the STAMPEDE umbrella, two arms investigated zoledronic association 
with standard of care. First, the addition of ZA to ADT in arm B (with or without 
docetaxel) failed to improve time to SRE in the whole cohort and in the men with 
only bone metastases (HR 0.94, p = 0.564) [65]. In a second analysis, addition of 
ZA in 1245 randomized to ADT with ZA, celecoxib, both, or neither did not affect 
time to development of symptomatic SREs (HR 0.58, p = 0.162) [66].

CALGB 90202 is another trial that tested early treatment with zoledronic acid in 
643 men with castration-sensitive metastatic prostate cancer [67]. Patients with 
mCSPC were randomized in a 1:1 ratio to receive zoledronic acid or placebo and 
followed for a primary endpoint of developing SRE.  At disease progression to 
castration- resistant status, all patients received open-label ZA.  Similar to 
STAMPEDE data, median time to first SRE was not statistically different between 
the groups (31.9 in ZA group vs. 29.8 months in placebo group, P = 0.39).

Zoledronic acid and denosumab are prescribed on a monthly basis for the pre-
vention of SREs. Because of the long-term impregnation in the bone of bone- 
targeted agents, the optimal dosing interval and duration has been questioned. In a 
non-inferiority randomized trial, 263 patients (60.8% breast and 39.2% prostate) 
were randomized to 12-weekly and 4-weekly therapy. Patients in this trial received 
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denosumab (n = 148), zoledronate (n = 63), and pamidronate (n = 19.8%). There 
was no difference in health-related quality of life as a primary endpoint nor in the 
symptomatic skeletal event (SSE) rates and time to SSEs as secondary outcomes 
between the arms [68]. REDUSE is a phase III non-inferiority trial investigating 
whether or not denosumab efficacy is maintained at every 12 weeks compared to 
standard 4-week dosing. In this larger trial, 1380 patients with bone metastases will 
be randomized, among which 680 are mCRPC patients. The primary endpoint is 
time to first symptomatic skeletal event, and results are eagerly awaited 
(NCT02051218).

 Safety of Bone-Targeted Agents

While hypocalcemia is more frequent with denosumab, zoledronic acid needs to be 
adjusted according to kidney function and may cause acute phase reactions. The 
most important adverse event associated with bone-targeted therapies is osteonecro-
sis of the jaw (ONJ). The natural history and the management of this complication 
evolved since it was first reported. ONJ is more frequently described in patients 
receiving intravenous bisphosphonates compared to oral formulation. While it can 
occur spontaneously, recent dental procedures increase the risk. Symptoms of ONJ 
include pain, swelling, and infection of soft tissues, loosening of teeth, drainage, 
and numbness of the jaw. The American Association of Oral and Maxillofacial 
Surgeons (AAOMS) recommends conservative management of this complication 
using antibiotics, oral rinses, and/or limited debridement. Bone resection is limited 
for more severe stages. Indeed, in 2011, authors presented an integrated analysis 
from three blinded active-controlled phase III trials in order to define the incidence, 
risk factors, and outcomes of ONJ in a cohort of 5723 patients [69]. The three trials 
encompassed in this analysis compared denosumab with zoledronic acid and 
included safety as a secondary outcome. Overall, 1.6% of the population were diag-
nosed with confirmed ONJ with no significant difference between treatment groups 
(1.3% ZA vs. 1.8% denosumab, p = 0.13). ONJ occurred between 4 and 30 months 
after the first dose of the drug. Jaw pain was reported in nearly three quarters of the 
patients with ONJ, and prior tooth extraction occurred in nearly 2/3 of ONJ events. 
In total 54% of the patients were treated conservatively, 41% underwent limited 
debridement, and four patients underwent resection of the affected bone.

 Other Therapies and Combinations

 Radium-223 Dichloride

Radium-223 dichloride (Ra223) is a targeted α-emitting radiopharmaceutical agent 
that preferentially binds to newly formed bone matrix. It acts by delivering short- 
range α-particle radiation, inducing irreparable double-stranded DNA breaks in tar-
get osteoblastic metastatic lesions.
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Radium-223 is approved for the treatment of men with mCRPC with symptom-
atic bone metastases and without visceral metastases based on improved overall 
survival when compared with best supportive care in the ALSYMPCA trial. This 
trial investigated the effect of radium-223 on survival of 921 patients who were 
ineligible or refused docetaxel chemotherapy. In addition to improving disease con-
trol outcomes, time to SSE was also significantly longer in a post hoc analysis 
(median 14.7 vs. 8.1 months, p < 0.0001). Moreover, patients who received bisphos-
phonates at baseline had a longer time to SSE with radium-223 (HR 0.49; 95% CI 
0.33–0.74; p = 0.00048) versus placebo (HR 0.77; 95% CI 0.0.58–1.02; p = 0.07) 
and a decreased risk of SSE in a multivariate analysis (HR 0.49; 95% CI 0.38–0.64; 
p < 0.001) [70].

Various guidelines strongly recommend use of bone-targeted agents for the pre-
vention of SRE in patients with mCRPC.  However, optimal timing for starting 
them, optimal dose and frequency, and optimal duration of treatment have not yet 
been defined. In addition, no recommendations on how to most effectively combine 
these agents with cancer-directed therapies such as ARAT or radium-223 are avail-
able [71].

Different post hoc analyses from several clinical trials questioned a potential 
effect on survival when bone-targeted agents were combined with other therapies. 
This evidence has yet to be validated prospectively. One post hoc analysis from 
COU-AA 302 study revealed that concomitant use of bisphosphonates or deno-
sumab with abiraterone acetate (AA) improved OS (n = 353 patients; HR 0.75; 95% 
CI 0.60–0.94; p = 0.012) [72]. In contrast, this was not demonstrated when these 
agents were combined with enzalutamide in a post hoc analysis from PREVAIL 
trial [73].

ARAT’s enzalutamide and abiraterone acetate modified the outcome of patients 
with mCRPC.  Because of their effectiveness and tolerability, almost all patients 
with mCRPC are exposed to one of these agents. Recently, trials combining enzalu-
tamide or AA with other therapies such as radium-223 have been conducted to 
improve patients’ outcome. In this regard, ERA 223 phase III RCT randomized men 
with mCRPC to AA with or without radium-223 to determine whether this was 
associated with a decreased rate of symptomatic skeletal events (citation). Separately, 
EORTC 1333/PEACE III randomized patients with mCRPC to enzalutamide with 
or without Ra223 with a primary endpoint of radiographic progression-free sur-
vival. ERA 223 trial was unblinded early due to an imbalance in the incidence of 
deaths and fractures in patients receiving the abiraterone plus radium-223 combina-
tion when compared to patients receiving AA alone (39% vs. 36% and 29% vs. 
11%, for deaths and fractures in the combination vs. abiraterone alone arms, respec-
tively) [74]. Following this data, ESMO clinical guidelines recommended the use of 
a bone-targeted agent for all men with mCRPC treated with Ra223. Authors from 
phase 3 PEACE-III trial reported their data before and after ESMO recommenda-
tion: In the 45% patients treated without bone-protecting agent, the cumulative risk 
of fracture with enzalutamide at 1 year was at 12.4% and increased to 37.4% when 
Ra223 was added. After mandatory addition of a bone-protecting agent, the cumula-
tive risk of fracture at 1 year fell drastically to 0% in enzalutamide group versus 
2.2% with the combination arm [75].
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 Conclusion

There have been significant advances in the understanding of bone metabolism in 
men living with prostate cancer. Surely, preserving bone health is crucial for these 
patients. In the last two decades, the addition of bisphosphonates or denosumab has 
become standard of care for patients with nonmetastatic hormone-naïve prostate 
cancer and for those with metastatic castrate prostate cancer. In addition to prevent-
ing SREs, they are indicated in the prevention of osteoporosis and fracture for any 
patient, including men with hormone-sensitive prostate cancer and nmCRPC, who 
is at elevated risk of fracture and on long-term ADT. Furthermore, bone-protecting 
agents prove to be essential as new combinations of therapies are currently evalu-
ated in large trials.
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Chapter 10
Radiotherapy for Advanced Prostate 
Cancer

Soumyajit Roy and Daniel E. Spratt

 Introduction

All cancers in the human body are assigned using various methods to prognostic 
groups. Classically this is performed using TNM staging and/or histologic grading 
systems [1]. Prostate cancer is no exception, and accurate risk stratification is para-
mount to appropriately guide therapy for men with prostate cancer. Traditionally, 
the treatment of localized or non-metastatic malignancies includes radical local 
therapy with either radiotherapy or surgery [2]. In contrast, the role of local therapy 
with patients with metastatic disease was limited – mainly intended for palliation of 
advanced symptoms, such as pain, bleeding, or addressing spinal cord compression. 
In absence of optimal systemic therapy, it was challenging to demonstrate isolated 
benefit of local therapy to primary or metastatic sites [3, 4]. However, with advance-
ment of systemic treatment, there has been rekindled interest in the role of local 
therapy in patients with metastatic malignancies. As demonstrated in breast cancer, 
the benefit of local therapy is more pronounced in presence of effective systemic 
therapies [5]. Similar advancements have been noticed in prostate cancer. From the 
approval of docetaxel in the early 2000s, to the surge of newer anti-androgen and 
chemotherapeutic options in the last few years, there now is an unprecedented arse-
nal of highly effective life-prolonging systemic therapies for men with advanced 
prostate cancer [6–15]. This begs the question to what the current role of local 
therapy in men with advanced prostate cancer is.
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In this chapter, we review the historical role of both external beam and systemic 
radionuclide forms of radiotherapy for men with advanced prostate cancer. 
Additionally, guideline-concordant indications for radiotherapy are reviewed. 
Finally, emerging roles of external beam and novel systemic radionuclide forms of 
radiotherapy for advanced prostate cancer are discussed.

 Palliative Radiotherapy for Advanced Prostate Cancer

Radiotherapy can be given for solely palliative intent and/or to improve oncologic 
outcomes (i.e., progression-free survival or overall survival). In this section we will 
review the uses of radiotherapy in advanced prostate cancer in settings in which the 
primary or sole intent is to provide palliation and improve quality of life.

 External Beam Radiotherapy

Radiotherapy is commonly used as a highly effective form of palliation for patients 
with metastatic cancer. Common indications include palliation of biologic pain, 
bleeding, obstruction, brain metastases, and epidural spinal cord compression 
(Table 10.1) [16]. In prostate cancer, given the most common site of metastases is 
the bone, palliative radiotherapy is commonly used for palliation of skeletal pain in 
this patient population. In fact, a common mode by which patients in clinical trials 
of advanced prostate cancer experience a “progression” event is by experiencing 
clinical progression in a way that necessitates treatment with palliative external 
beam radiotherapy.

Table 10.1 Indications of palliative radiotherapy by symptoms in advanced prostate cancers

Symptoms/Indications Etiology

Pain Skeletal metastasis
Visceral metastasis
Spinal cord compression
Nerve impingement

Obstructive symptoms such as hesitancy in 
urination, poor or intermittent urinary stream, 
prolonged micturition, anuria

Bladder infiltration or bladder outlet 
obstruction

Bleeding such as hematuria or blood in the 
stool

Hematuria from bladder infiltration
Rectal wall infiltration leading to rectal 
bleeding

Neurologic symptoms such as headache, 
seizure, neurologic dysfunction

Brain or dural-based metastasis
Spinal cord compression

Post-surgical fixation or instrumentation Stabilization of pathologic fracture
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The optimal control of pain in cancer patients relies on understanding the under-
lying pathophysiology and molecular mechanisms of the pain experience and is best 
achieved through multidisciplinary management [17]. Palliative external beam 
radiotherapy is most effective for biologic or oncologic sources of pain. The hall-
marks of biologic pain are pain at rest, especially during nighttime or early morning 
that can occur even without movements. Such pain is associated with a diurnal 
variation in systemic corticosteroid levels and is directly related to the local inflam-
mation caused by remodeling of the bones by active tumors [18]. A recent meta- 
analysis demonstrated that palliative external beam radiotherapy results in overall 
response rate in terms of pain control of more than 60%, independent of number of 
fractions. Additionally, complete response in pain control in which patients no lon-
ger require systemic treatment for pain is noted in approximately 1/4th of patients [19].

Another common cause of pain in cancer patients is mechanical. Such pain usu-
ally originates from a pathologic or non-pathologic fracture. Palliative radiotherapy 
is unlikely to improve this pain, but rather mechanical stabilization is likely to 
improve symptoms. Mechanical pain is most commonly exacerbated by movement 
and is relieved by rest. Although there is often a mixed component of biologic and 
mechanical pain, radiotherapy is not effective in alleviating the mechanical compo-
nent of the pain, whereas surgical fixation or procedures such as vertebroplasty or 
kyphoplasty have been proven to be beneficial [20].

Another common indication for palliative radiotherapy is malignant epidural spi-
nal cord compression. This is an alarming sequela of spine metastases that have 
been left untreated and therefore have progressed to the point of cortical destruction 
and compression of the thecal sac. This can either be an acute or chronic process. 
Early detection is the key to reverse the potential neurological consequences of 
malignant spinal cord compression with treatment. Depending on the level of the 
spinal cord or cauda equina that is being compressed, patients may complain of 
pain, focal weakness or paraplegia, sensory loss, or loss of bowel or bladder func-
tion. Having neurologic symptoms for more than 72 hours before initiating treat-
ment significantly reduces the chances of restoring complete neurological function 
in a patient [21].

Prostate cancer represents a moderately radiosensitive tumor; therefore, external 
beam radiotherapy provides a durable local control and optimal decompression for 
spinal cord compression originating from prostate cancer. The acuity and severity of 
the compression helps guide the decision of whether to proceed with immediate 
surgical decompression followed by a re-exploration combined with postoperative 
radiotherapy or proceed with radiotherapy alone. If the latter is chosen, more 
advanced radiotherapy techniques such as stereotactic body radiotherapy (SBRT) 
are not used in the presence of significant epidural or intramedullary disease. In 
such cases standard conventional radiotherapy, commonly in 10 fractions, 3 Gy per 
fraction to a total of 30 Gy, is used [21].

Fortunately, prostate cancer rarely causes brain metastases. When they occur, 
brain metastases usually originate from the more aggressive subtypes of prostate 
cancer such as small cell variant or neuroendocrine prostate cancer. Thus, new onset 
of headaches, blurry vision, or other neurologic deficits in these patients that cannot 
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readily be explained should prompt imaging of the brain, preferably with an MRI 
with and without contrast. When present these are treated most commonly with 
stereotactic radiosurgery alone or in combination with resection or whole brain 
radiotherapy depending on the size and number of lesions [22].

In advanced prostate cancer, especially before 2018, it was uncommon for 
patients who presented with de novo metastatic disease to receive treatment to their 
prostate. However, an untreated prostate cancer can continue to progress locally 
despite several lines of systemic therapy and result in significant deterioration in 
quality of life. This is most often related to local obstruction of the urinary tract 
from either direct compression or extension into the urethra or invasion or compres-
sion into the bladder and ureteral orifices. This leads to the requirement for either 
temporary intermittent self-catheterization, permanent Foley or suprapubic cathe-
terization, or often repeated transurethral resections of the prostate. Similarly, 
although less common, a locally advanced primary can cause compression or infil-
tration into the rectum leading to obstruction, fistula, or bleeding. Palliative local 
radiotherapy can ameliorate these symptoms. Early institution of palliative local 
radiotherapy when the tumor is small allows for safe delivery of optimum dose to 
address these symptoms and to avoid any undue radiation-induced morbidity. 
Therefore, multidisciplinary care including input from urology is important to have 
prior to proceeding with palliative local radiotherapy. Various dose fractionation 
schedules can be used, but typically something less than a definitive dose of radio-
therapy is used to minimize the risk of side effects.

Bleeding is a common manifestation from local invasion of prostate cancer, and 
radiotherapy is an effective method to reduce bleeding if the source of the bleed can 
be identified [23, 24]. Various schedules have been studied. This ranges from an 
abbreviated course, termed “quad-shot”, of two treatments given in the same day 
6–8 hours apart, 2 days in a row to other common palliative schedules of 4 Gy x 5 
fractions or 3 Gy x 10 fractions.

 Radionuclides

Various radionuclides have been and are currently used for the primary purpose of 
palliation of symptoms in oncology. Strontium-89 and samarium-153 were the two 
most commonly used and studied in advanced prostate cancer for palliation.

Strontium-89 has a physical half-life of 50.6  days and emits beta radiation. 
Strontium emits a small fraction of gamma photons and thus poses minimal radia-
tion exposure risk to those in contact with the patient. This radioisotope is preferen-
tially taken up by the bone with metastatic prostate cancer at a ratio of 10:1 compared 
to healthy normal bone and can remain in these metastatic lesions for up to 100 days. 
Strontium undergoes urinary excretion. Strontium-89 is most commonly adminis-
tered with an activity of 1.48–2.22 MBq (40–60 μCi per kilogram of body weight, 
approximately 4 mCi [148 MBq] for standard weight) given by intravenous infusion 
over several minutes.

There is evidence to support the use of strontium, including a phase III placebo- 
controlled randomized controlled trial that evaluated conventional palliative 
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radiotherapy ± strontium-89. This trial used a single injection of 10.8 mCi of stron-
tium or placebo in 126 patients with metastatic castration-resistant prostate cancer 
(mCRPC). There was an improvement in complete pain relief at 3  months with 
strontium-89 compared to placebo (40% vs. 23%) and a significant reduction in the 
need for subsequent and continued analgesic use (P < 0.05). A significantly smaller 
proportion of patients treated with strontium experienced new sites of pain com-
pared with placebo (P < 0.002). Finally, treatment with strontium resulted in a lon-
ger disease-free interval and longer interval before subsequent retreatment with 
radiotherapy (35 weeks vs. 20 weeks) [25]. Another 2x2 factorial randomized clini-
cal trial investigated the clinical efficacy and cost-effectiveness of strontium-89 
with or without docetaxel and/or zoledronic acid in metastatic castrate-resistant 
prostate cancer. Cox regression analysis adjusted for all stratification variables 
showed benefit of strontium-89 on clinical progression-free survival (HR 0.85; 
95%CI, 0.73–0.99; P = 0.03). However, there was no additional advantage of stron-
tium- 89 with respect to overall survival [26].

Samarium-153 has a short physical half-life of 46.3 hours and emits both beta 
and gamma radiation. The gamma radiation can be used for a low-resolution bone 
scan. Samarium is bound to ethylenediamine tetramethylene phosphonic acid 
(EDTMP) which confers bone-seeking properties. Samarium-153 lexidronam is 
most commonly administrated with an activity of 37.0 MBq (1.0 mCi) per kilogram 
of body weight and given intravenously over several minutes.

The use of samarium-153 was evaluated in a phase III randomized controlled 
trial of 152 patients with mCRPC and randomized patients to samarium-153 at 
1 mCi/kg vs. nonradioactive samarium-152. This study demonstrated that use of 
samarium-153 led to a significant improvement in pain scale scores by week 1 and 
pain intensity visual analogue scale scores by week 2 compared to the nonradioac-
tive samarium-152. There was also a significant reduction in opioid consumption 
by week 3 with samarium-153 use [27]. There are two major sources of toxicity 
from samarium-153 treatment: targeting of sites other than the bone and due to the 
presence of unchelated samarium. Sm3+ metal has been found to distribute to the 
liver, lungs, and spleen. Thus, it is paramount that the amount of unchelated Sm3+ 
is as low as possible to avoid uptake by the liver and hepatotoxicity [28]. Additionally, 
bone marrow toxicity is often observed during samarium-153 therapy. Furthermore, 
significant radiation from 153Sm is often delivered to the bladder wall and kidneys 
[28]. Samarium-153 and strontium-89 emit high-energy beta particles and result in 
bone marrow toxicity [29]. This is why radium-223, an alpha emitter, has gained 
popularity in recent times. We have reviewed radium-223 later in this chapter.

 Radiotherapy with Oncologic Intent for Advanced 
Prostate Cancer

Traditionally radiotherapy has been used with palliative intent in advanced prostate 
cancer as described in the previous section. However, several seminal randomized 
studies over the past decade have demonstrated substantial improvement in onco-
logical outcome with use of radiotherapy with definitive intent in advanced prostate 
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cancer. These include primary tumor-directed radiotherapy in metastatic hormone- 
sensitive prostate cancer (mHSPC) with low metastatic volume, ablative radiother-
apy to metastatic sites in oligometastatic HSPC or oligorecurrent HSPC, and finally 
systemic radionuclide therapy with radium-223 in metastatic castrate-resistant pros-
tate cancer (Table 10.2).

 Treatment of the Primary
Combination of androgen deprivation therapy with local radiotherapy has been a 
well-established modality to treat high-risk localized, locally advanced, or clinically 
node-positive prostate cancer [2, 30–34]. However, because of no specified require-
ment of baseline imaging as a part of trial protocol and poor sensitivity and specific-
ity of conventional imaging when these trials were conducted, a notable proportion 
of the enrolled patients presumably harbored metastatic disease and benefitted from 
this combined modality treatment. This hypothesis was tested in multiple retrospec-
tive studies. A large non-randomized registry-based study demonstrated that treat-
ment to the primary with radiotherapy in mHSPC patients significantly improvement 
overall survival on multivariable and propensity score matched analysis (HR 0.62, 
95% CI, 0.55–71, p < 0.001) [35].

Subsequently a number of randomized studies investigated this hypothesis. The 
first reported phase III randomized trial was the HORRAD trial. This was a rela-
tively small randomized trial in men with mHSPC (n = 432). Patients were ran-
domly allocated to either ADT alone or ADT in conjunction with prostate-directed 
radiotherapy. Radiotherapy was delivered to the prostate and base of the seminal 
vesicles with a 1 cm margin to a total dose of 70 Gy in 35 fractions using conven-
tional fractionation or 57.76 Gy in 19 fractions using moderate hypofractionation. 
At a median follow-up of almost 4 years, the primary endpoint of overall survival 

Metastatic Hormone Sensitive
Prostate Cancer (mHSPC) 

Advanced Prostate Cancer

Metastatic Castrate Resistant 
Prostate Cancer (mCRPC)

High Metastatic
Burden 

Palliative
Radiotherapy 

Low Metastatic
Burden  

De novo low
volume mHSPC

Primary tumor directed
Curative radiotherapy 

Oligo-recurrent 
mHSPC

Metastasis directed
ablative radiotherapy 

Palliative
Radiotherapy 
with or without 
Radium-223 
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was not statistically significantly different between arms (HR, 0.90, 95% CI, 
0.70–1.14). On an unplanned subgroup analysis based on the metastatic burden or 
volume of disease, patients with ≤5 metastases had a greater relative benefit com-
pared to patients with >5 metastases. This potential treatment-volume interaction 
suggested that patients with low-volume disease would preferentially benefit from 
definitive treatment of the primary tumor [36].

Shortly after the HORRAD trial was published, the large Systemic Therapy for 
Advanced or Metastatic Prostate cancer: Evaluation of Drug Efficacy (STAMPEDE) 
trial, arm H, reported its results. This trial enrolled men with mHSPC and investi-
gated the use of standard systemic therapy with or without treatment of the primary 
tumor with definitive radiotherapy. Standard systemic therapy consisted of ADT or 
combination of ADT and docetaxel. The study enrolled nearly 2000 patients and 
had a primary endpoint of overall survival. Radiotherapy was delivered to the pros-
tate gland with a margin of 10 mm (8 mm posteriorly). Two fractionation schedules 
were permitted, including a moderate hypofractionation schedule of 55 Gy in 20 
fractions or an ultra-hypofractionation schedule of 36  Gy in 6 weekly fractions. 
Considering the treatment-volume interaction seen in the HORRAD trial, the inves-
tigators integrated a detailed prespecified subgroup analysis plan to assess the pri-
mary and secondary endpoints based on volume of disease. This was done prior to 
unblinding. Approximately 40% of men had low-volume disease (per the 
CHAARTED definition) and the proportion was near identical in the two treat-
ment arms.

There was no significant difference in overall survival in the overall cohort (HR 
0.92, 95% CI, 0.80–1.06; p  =  0.266). Failure-free survival was significantly 
improved by the addition of radiotherapy to the primary (HR 0.76, 95% CI, 
0.68–0.84). In the prespecified subgroup analysis, patients with low-volume disease 
had an improvement in both failure-free survival and overall survival (HR 0.68, 
95% CI, 0.52–0.90; p = 0.007) with primary tumor-directed radiotherapy. However, 
there was no overall survival benefit of prostate-directed radiotherapy in the high-
volume subgroup (HR 1·07, 95% CI, 0·90–1·28). Notably, there was no evidence 
that use of docetaxel had an impact on the magnitude of benefit with prostate-
directed radiotherapy. Furthermore, there was no significant increase in time to tox-
icity or long-term rates of grade 3+ toxicity with radiotherapy to the primary [37].

 Treatment of Metastatic Lesions

In the last decade or so, there has been a significant interest in using radiotherapy to 
consolidate metastatic sites. The goal of metastasis-directed radiotherapy (MDT) is 
to delay the need for systemic therapy, improve progression-free survival, and 
potentially improve overall survival. Although we are still in the incipient phase of 
demonstrating benefit of MDT with respect to oncologically robust endpoints such 
as overall survival, improvement in endpoints such as progression-free survival has 
been noticed with MDT in a number of randomized clinical studies.
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Stereotactic body radiotherapy (SBRT) and stereotactic ablative body radiother-
apy (SABR) are terms that describe a method of external beam radiotherapy that 
accurately delivers a high irradiation dose to an extracranial target in 5 or few treat-
ment fractions. SBRT has been commonly adopted as a preferred method of MDT 
over conventionally fractionated (longer-course) radiotherapy or other ablative or 
surgical techniques. This is in part due to the convenience and noninvasive nature, 
but also due to the radiobiologic rationale that prostate cancer has a low α/β ratio. 
This means that for an equal risk of normal tissue damage one can have greater 
tumor cell kill with high dose per fraction. Moreover, such ablative dose of radio-
therapy also portends microvascular damage which has a substantial effect on the 
tumor cell kill. Based on different systematic reviews and meta-analyses, SBRT 
maximizes the therapeutic ratio as it confers excellent local control (80–90%) and 
portends low rates of moderate to severe toxicity (<10% and < 5%, respectively) 
[21, 38, 39].

There is emerging and growing data to support the role of MDT in both prostate 
cancer and other cancer types. Non-small cell lung cancer has appreciated the larg-
est oncologic benefits from MDT. To date, two trials have shown overall survival 
benefits with metastasis-directed radiotherapy, despite their small sample size and 
phase II nature. Gomez et al. randomized patients with ≤3 metastases to mainte-
nance systemic therapy with or without total consolidation of local tumor and 
MDT. The trial stopped early after enrolling 49 patients due to the early overall 
survival benefit seen from radiotherapy on interim analysis [40]. SABR-COMET 
was another phase II randomized trial investigating the benefit of metastasis-directed 
ablative radiotherapy in oligometastatic malignancies regardless of the primary site, 
and approximately 15% of patients enrolled had prostate cancer. This trial random-
ized patients to standard systemic therapy with or without MDT for patients with 
oligometastatic cancer (≤5 metastases). In their initial report, SBRT-based MDT led 
to significant prolongation of progression-free survival (6 months in control group 
vs. 12 months in the SBRT group (HR 0.47, 95% CI, 0.30–0.76; stratified log-rank 
p = 0.0012)) [41]. After a median follow-up of 51 months, the 5-year OS rate was 
17.7% in the control group (95% CI, 6–34%) versus 42.3% in SBRT group (95%CI, 
28–56%; stratified log-rank P = 0.006). However, MDT was also associated with 
increased risk of grade 2 or higher adverse events (9% in the control group vs. 29% 
in MDT group, P = 0.03). There were three deaths (4.5%) in the SABR arm that 
were possibly, probably, or definitely related to treatment [42].

Two small phase II randomized trials have evaluated the role of MDT in meta-
static prostate cancer. There is a wealth of retrospective data and single-arm trials, 
but this will not be discussed. STOMP was a randomized phase II trial, which ran-
domized 62 patients to observation +/− MDT with a primary endpoint of ADT-free 
survival. Importantly, this trial had prespecified indications for initiation of 
ADT. Patients enrolled had oligorecurrent prostate cancer based on PET choline 
imaging with ≤3 metastases, and thus these patients were more akin to biochemi-
cally recurrent disease than de novo M1 disease by conventional imaging. MDT was 
given as SBRT in most patients (25 of 31), and at a median 3-year follow-up, the use 
of MDT improved median ADT-free survival from 13 to 21 months and median 
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time to PSA-progression from 6 to 10 months [43]. There was no clinically or sta-
tistically meaningful between-arm difference in the mean change in score from 
baseline to 3 months and 1 year. For example, mean (95% CI) difference between 
the arms for change in global health status score from baseline to 3 months was 0 
(−7 to 6). The same for baseline to 1 year was 2 (−9 to 6) [43]. The second phase II 
trial was the Observation verus Stereotactic Ablative Radiation for Oligometastatic 
Prostate Cancer (ORIOLE), which enrolled 54 men with oligorecurrent prostate 
cancer, but unlike STOMP which was a 1:1 randomization, ORIOLE was a 2:1 
randomization of observation +/− MDT with SBRT. The primary endpoint was pro-
gression by 6 months, which was a composite endpoint including ADT initiation, 
PSA progression, symptomatic progression, or death. The primary endpoint was 
improved with SBRT (19% vs. 61%; HR 0.30, 95% CI, 0.11–0.81; P  =  0.002). 
There was no grade 3 or higher adverse events from MDT [44].

 Radionuclide Therapy

Radium-223 dichloride is currently the most common form of systemic radionu-
clide therapy for the treatment of prostate cancer. Radium is a bone-seeking calcium 
analogue that has a half-life of 11.4 days and emits high-energy alpha particles. 
Unlike samarium and strontium, the alpha particles from radium-223 have a high 
biologic effectiveness and linear energy transfer. However, alpha particles have a 
short path length of <10 cell lengths. This short length of trajectory helps in mini-
mizing bone marrow toxicity with alpha particle-based treatment. However, this is 
one of the reasons for which Ra-223 is unable to reach tumor extension beyond the 
bone. Radium-223 is primarily cleared through the intestine [45]. Radium-223 is 
most commonly given as a monthly (q4 week) injection (50 kBq/kg intravenous) for 
a total of six cycles.

Radium-223 has FDA approval for the treatment of symptomatic bone metasta-
ses from mCRPC. However, unlike samarium-153 and strontium-89, radium-223 
has been shown to improve both pain and overall survival. This finding was from the 
multinational phase III, double-blind, randomized controlled trial of 922 men with 
symptomatic mCRPC. Patients were randomized to six injections of radium-223 
(50 kBq/kg) versus placebo. The trial was stopped early at a planned interim analy-
sis after an overall survival benefit was reached (median overall survival with 
radium-223 treatment was 14.0 vs. 11.2 months; P = 0.0019; HR 0.695, 95% CI, 
0.552–0.875). Additionally, radium-223 resulted in a lower incidence of skeletal- 
related events (P = 0.016). Radium-223 was generally well tolerated (grade 3–4 
neutropenia of 1.8% vs. 0.8%, and thrombocytopenia 4% vs. 2%, respectively) [15].

An important discussion point that is often overlooked is that when radium-223 
was tested in the landmark phase III trial, other novel androgen signaling inhibitors 
(ARSIs) had not gained FDA approval yet. Thus, radium-223 was generally used 
early in the treatment course of mCRPC. In contrast, since the approval of enzalu-
tamide, abiraterone, and other agents, radium-223 is commonly a 3rd- or fourth-line 
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therapy. Such delay in the use of this radioisotope has been found to portend poor 
compliance, and this in turn brings down the expected benefit from this radioisotope 
therapy. Furthermore, it becomes increasingly less likely that these patients harbor 
isolated osseous disease without any extension to periosseous soft tissue or epidural 
extension, potentially limiting the efficacy of radium-223 [46].

 Future Indications of Radiotherapy for Advanced 
Prostate Cancer

Radiotherapy is a critically important tool to be used in men with advanced prostate 
cancer to prolong life and improve quality of life. However, there are even further 
areas that radiotherapy has the potential to improve outcomes for men in this patient 
population. The use of SBRT as MDT has its primary evidence in oligorecurrent 
prostate cancer. Ongoing trials are evaluating the role of radiotherapy to sites of 
metastases in both de novo mHSPC in the next arm of the STAMPEDE trial (arm 
M) and in mCRPC (e.g., FORCE trial, NCT03556904). These trials will help to 
establish additional contexts where MDT with radiotherapy may become part of the 
routine standard of care. There is also interest in understanding if treatment of the 
primary with radiotherapy may have benefit in high-volume metastatic disease 
when used concurrently with treatment of the metastases, in essence to functionally 
render these patients more akin to low-volume disease.

Additionally, other radionuclides are being studied. The most exciting are based 
on targeting prostate-specific membrane antigen (PSMA). The molecules are linked 
commonly to the beta-emitter, lutetium-177, which has shown promise. 
177Lu-PSMA-617 delivers beta-particle radiation selectively to PSMA-positive cells 
and the surrounding microenvironment. Several new alpha-particle emitting agents 
such as actinium-225, bismuth-212, terbium-149, astatin-211 are being actively eval-
uated for PSMA-based targeted alpha particle therapy [47]. Moreover, in the recently 
presented phase III randomized VISION trial, addition of lutetium-177-PSAM-
617(LuPSMA) to standard of care in men with PSMA-avid metastatic castrate-resis-
tant prostate cancer was associated with a 38% reduction in the risk of death (HR 
0.62, 95%CI, 0.52–0.74) and a 4-month improvement in overall survival. Furthermore, 
LuPSMA combined with standard of care treatment significantly improved radio-
graphic progression- free survival (rPFS) by a median of 5.3 months (median rPFS, 
8.7 vs. 3.4 months; HR 0.40, 99.2% CI, 0.29–0.57; p < 0.001, one-sided). There was 
a higher rate of high-grade (grade 3–5) treatment-related adverse events with 
LuPSMA (28.4% vs. 3.9%). Additionally, there were five deaths attributable to the 
experimental treatment. In terms of specific adverse events, treatment with LuPSMA 
was associated with increased rates of bone marrow suppression, xerostomia, and 
nausea and vomiting [48, 49]. Note should be made of the fact that only about 1/2 of 
the patients in both arms received one or two taxane-based regimens before being 
given trial regimen. Hence there remains a doubt on the actual efficacy of the 
LuPSMA therapy in patients heavily pre-treated with taxane-based regimens.
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 Conclusion

Radiotherapy is now used in the vast majority of patients with advanced prostate 
cancer. This ranges from palliation (e.g., bone pain, urinary or rectal obstruction or 
bleeding, or epidural spinal cord compression) to treatment of the primary or metas-
tases for oncologic benefit. Palliation can be accomplished with both external beam 
radiotherapy or radionuclides, such as strontium or samarium. These radionuclides 
have largely been replaced by radium-223, which not only provides palliation of 
pain but also prolongs survival. External beam radiotherapy directed to primary 
tumor has been shown to confer survival advantage in low-volume mHSPC. PSMA 
ligand-based radionuclide therapy has also demonstrated survival advantage in met-
astatic castrate-resistant prostate cancer. Furthermore, MDT using SBRT has been 
shown to delay progression and forestall use of ADT in men with oligorecurrent 
mHSPC. Trials are ongoing or maturing to further establish the oncologic benefit of 
MDT in de novo mHSPC, use of MDT in patients with >5 metastases. Given the 
critical role radiotherapy has in the multidisciplinary management of advanced 
prostate cancer, incorporation of radiation oncology and nuclear medicine into the 
care team is paramount for optimizing overall outcome in this patient population.
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Chapter 11
Optimizing Perioperative Treatment 
for Kidney Cancer

Wesley H. Chou, Daniel Lin, Viraj Master, and Sarah P. Psutka

 Introduction

 Complications After Surgery for Localized/Advanced Renal 
Cell Carcinoma

Surgery remains the mainstay of treatment in patients with localized or locally 
advanced renal cell carcinoma (RCC), as well as in select patients with advanced/
metastatic RCC (mRCC). Five-year relative survival rates in the United States for 
RCC patients have improved from 47% in 1977 to 76% (2009–2015) [1]. However, 
these rates vary substantially based on cancer stage, with 5-year relative survival in 
patients with localized, regional, and distant RCC being 93%, 70%, and 12%, 
respectively [2]. Procedures for RCC remain associated with substantial periopera-
tive morbidity. Inpatient complication and mortality rates in patients undergoing 
nephrectomy for nonmetastatic RCC are 19% and 1% versus 27% and 2.4% in those 
undergoing cytoreductive nephrectomy for mRCC [3]. Patients with tumor throm-
bus experience major complications in 30% of cases, and 90-day postoperative mor-
tality is reported in 6% [4].
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Potential perioperative complications include hemorrhage, infection, or damage 
to surrounding structures, including the pleura, great vessels and surrounding vas-
culature, intestines, and other surrounding viscera, such as the liver and adrenal 
gland on the right and the spleen, pancreas, and adrenal gland on the left. 
Cardiopulmonary complications including myocardial infarction, stroke, and 
venous thromboembolism; complications related to major abdominal surgery, such 
as lymphoceles, postoperative ileus, and adhesion-related small bowel obstructions; 
and incisional hernias or other wound-healing complications may occur.

In the case of partial nephrectomy, vascular fistula or pseudoaneurysm can 
develop in the healing nephrorrhaphy, potentially leading to delayed postoperative 
hemorrhage. Urinary leaks can also occur from incomplete or insufficient repairs 
of injuries to the collecting system or renal pelvis. For these reasons, nephron-
sparing surgery is associated with a higher rate of complications and reoperation 
compared to radical nephrectomy [5]. The unusual predilection of RCC for vascu-
lar invasion also raises the possibility of intraoperative embolization from tumor 
thrombus with subsequent cardiopulmonary collapse, a potentially devastating 
complication [6].

 Decision-Making: When to Operate

Due to the potential complications that may arise from procedures for RCCs, surgi-
cal decision-making is paramount. This is especially relevant in several settings 
specific to RCC where there may be other viable therapeutic options, such as active 
surveillance or percutaneous thermal ablation for small renal masses, or in the set-
ting of metastatic disease, where frontline therapy is heavily weighted toward sys-
temic therapy, and localized treatment of metastases may include embolization, 
thermal ablation, and radiation, in addition to surgical extirpation.

In the United States, the average age at diagnosis with RCC is 64  years [2]. 
Furthermore, patients with RCC have a high burden of comorbidities, with a median 
of eight chronic comorbid conditions compared to only four in age-matched con-
trols [7]. As such, decisions regarding whether to operate, or in cases where surgery 
may be staged with systemic therapy options, become complex. These decisions 
require a detailed evaluation of the oncologic potential of the tumor and the various 
risks associated with the surgery, including the competing risks associated with 
comorbidities, baseline renal reserve, nutrition, and functional status or frailty, in 
addition to patient preference and priorities. While guideline-based algorithms pro-
vide recommendations for optimal evidence-based care, patient-specific factors 
may dictate a more nuanced approach. Trade-offs between oncologic benefits and 
treatment risks and competing risks of death are challenging to evaluate in an objec-
tive fashion.

The objective of this chapter is to review tools that can aid in this risk stratifica-
tion process and provide an outline of best practices to optimize perioperative out-
comes for patients undergoing surgical management of RCC (Fig. 11.1).
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 Preoperative Risk Stratification

While tumor characteristics (e.g., TNM staging) are key prognostic factors, the 
focus of this discussion is patient-specific prognostic factors that can aid with risk 
stratification, also described as “host factors.” Importantly, while some of these fac-
tors are fixed, others are potentially modifiable. Therefore, these factors may be 
potentially optimized in the pre- and perioperative period.

Numerous risk calculators have been developed to estimate the predicted risk of 
short- and long-term complications and may be helpful when reviewing a specific 
patient’s individual predicted risks with a specific procedure. One candidate tool 

Preoperative Risk Stratification

Comorbidities (e.g. CCI, CIRS-G scale)

Functional Assessment

Frailty (e.g. 11-CSHA, FRAIL scale)

Nutritional Status (e.g. MNA-SF, GNRI)

Assessment of Social Supports

Perioperative Optimization

Patient education and counseling

Appropriate consults based on preoperative screening (e.g. 
nutrition, PT, OT, geriatrics, etc.) 
Optimize protein and caloric intake

Encourage appropriate physical activity

Healthy habits: smoking cessation, reduce alcohol 
consumption

Preoperative considerations: minimal fasting ± glucose
supplement; immunonutrition
Surgical considerations: goal-directed fluid management, 
maintenance of normothermia
Postoperative considerations; multimodal pain management 
minimizing narcotic use, early PO intake, early mobilization, 
early removal of tethers

Follow up, Surveillance, Cancer Survivorship

Surveillance for cancer recurrence and secondary cancers

Health maintenance (e.g. encouraging balanced diet, physical 
activity, smoking cessation, etc.)
Coordination of care with primary care physician and other 
specialists
Psychosocial support (e.g. psychiatric referral, support groups)

Enhanced Recovery After Surgery (ERAS) Protocol

Fig. 11.1 Suggested workflow for patients with RCC spanning from preoperative evaluation 
through follow-up
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that may be employed in a clinic counseling visit is the American College of 
Surgeons National Surgical Quality Improvement Program (ACS NSQIP) [8]. This 
calculator combines 20 patient-specific demographic and clinical parameters with 
the planned procedure to provide estimates of the 30-day likelihood of 18 specific 
adverse outcomes. These models were generated from data collected from operative 
data from 855 hospitals that participated in ACS NSQIP from 2015 to 2019. A 
recent update to this calculator also includes estimates of four additional quality of 
life outcomes salient for geriatric patients including risk of development of a pres-
sure ulcer, development of delirium, need for a new mobility device, or functional 
decline. This tool may be helpful as a baseline for gauging a patient’s general level 
of risk; the calculator has been noted to underestimate rates of complication for 
some operations such as partial nephrectomy [9, 10]. Thus it is important to 
acknowledge that the output are estimates alone with incorporating these risks into 
shared decision-making.

Our aim is not to exhaustively catalog the various tools available, but rather to 
provide paradigms by which surgeons can move beyond the “eyeball” test, which 
relies on clinical acumen and anecdote, is highly subjective, and is therefore chal-
lenging to validate, replicate, and teach. For example, chronologic age alone cannot 
be considered as an absolute factor in determining eligibility for treatment given 
inconsistent associations with perioperative outcomes. To this point, while age has 
been associated with higher risk of complication in radical or partial nephrectomy 
after adjusting for ASA status [11], a recent study found that patients ≥65 years old 
did not have statistically higher complication rates compared to the younger group, 
even without adjusting for ASA grade or comorbidities [12]. Herein we will review 
multiple different parameters and tools that may be integrated into perioperative 
risk assessments to define a more comprehensive and nuanced assessment of peri-
operative risk.

 Assessment of Comorbidity Burden

Common assessments of comorbidity burden include the Charlson Comorbidity 
Index (CCI), Elixhauser Comorbidity Index (EI), and the ASA Physical Status 
Classification System (ASA) score (Table  11.1). CCI has been shown to predict 
overall complication rates in patients undergoing robotic partial nephrectomy, as 
well as major complications in the setting of radical nephrectomy and thrombec-
tomy [13, 14]. Conversely, a Surveillance, Epidemiology, and End Results (SEER)-
based study demonstrated that that CCI was not associated with overall complication 
rates in patients undergoing local tumor ablation for RCC. Similar inconsistencies 
are found with respect to ASA scores [13–15]. It should be noted that while CCI is 
a common covariate used in perioperative assessment, the index was initially devel-
oped to determine 10-year survival rates, not perioperative outcomes [16]. Thus, 
while these indices can provide valuable data on a patient’s comorbidity burden, 
other measures should be taken into account as well. A final point when actually 
assessing comorbidity burden in practice is that while many of these tools have been 
operationalized and widely adopted to convey comorbidity for research purposes, 
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Table 11.1 Selected comorbidity, performance status, and frailty assessments

Assessment tool Criteria

Comorbidity burden

Charlson comorbidity 
index (CCI) [16]

 1.  Age (<50, 50–59, 60–69, 70–79, ≥80 years): 1 point for each 
decade beginning from 50 to 59 years

 2. Myocardial infarction: 1 point
 3. Congestive heart failure: 1 point
 4. Peripheral vascular disease: 1 point
 5. Stroke or transient ischemic attack: 1 point
 6. Dementia: 1 point
 7. Chronic obstructive pulmonary disease: 1 point
 8. Connective tissue disease: 1 point
 9. Peptic ulcer disease: 1 point
10.  Liver disease: 1 point for mild disease, 3 points for moderate to 

severe disease
11.  Diabetes mellitus: 1 point for uncomplicated disease, 2 points 

with end-organ damage
12. Hemiplegia: 2 points
13. Moderate to severe chronic kidney disease: 2 points
14.  Solid tumor: 2 points for localized disease, 6 points for metastases
15. Leukemia: 2 points
16. Lymphoma: 2 points
17. AIDS: 6 points
*Predicts 10-year survival for hospitalized patients

Elixhauser comorbidity 
index (EI) [114]

 1. Congestive heart failure: 7 points
 2. Cardiac arrhythmias: 5 points
 3. Valvular disease: −1 point
 4. Pulmonary circulation disorders: 4 points
 5. Peripheral vascular disorders: 2 points
 6. Hypertension: 0 points
 7. Paralysis: 7 points
 8. Neurodegenerative disorders: 6 points
 9. Chronic pulmonary disease: 3 points
10. Diabetes (with or without chronic complications): 0 points
11. Hypothyroidism: 0 points
12. Renal failure: 5 points
13. Liver disease: 11 points
14. Peptic ulcer disease, no bleeding: 0 points
15. AIDS/HIV: 0 points
16. Lymphoma: 9 points
17. Metastatic cancer: 12 points
18. Solid tumor without metastasis: 4 points
19. Rheumatoid arthritis/collagen vascular disease: 0 points
20. Coagulopathy: 3 points
21. Obesity: −4 points
22. Weight loss: 6 points
23. Fluid and electrolyte disorders: 5 points
24. Blood loss anemia: −2 points
25. Deficiency anemia: −2 points
26. Alcohol abuse: 0 points
27. Drug abuse: −7 points
28. Psychosis: 0 points
29. Depression: −3 points
*Predicts likelihood of inhospital death

(continued)
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Table 11.1 (continued)

Assessment tool Criteria

CIRS-G17 Each category graded from 0–4 points
 1. Heart: Increasing severity based on angina, MI, CHF, etc.
 2.  Vascular; increasing severity based on hypertension, 

hyperlipidemia, atherosclerosis, aortic aneurysm, etc.
 3.  Hematopoietic: Increasing severity of anemia, leukopenia, or 

hematologic cancer
 4.  Respiratory: Increasing severity based on infection, asthma, 

smoking history, COPD, etc.
 5.  Eyes, ears, nose, throat, and larynx: Increasing severity of visual 

or hearing impairment, sinonasal complaints, vertigo, etc.
 6.  Upper GI: Increasing severity of heartburn, ulcer disease, 

dysphagia, etc.
 7.  Lower GI: Increasing severity of constipation, hemorrhoids, 

diverticulitis, etc.
 8.  Liver, pancreas, and biliary: Increasing severity of hepatitis, LFTs, 

etc.
 9.  Renal: Increasing severity of kidney stones, pyelonephritis, 

chronic kidney disease, etc.
10.  Genitourinary: Increasing severity of urinary incontinence, UTIs, 

etc.
11.  Musculoskeletal and skin: Increasing severity of arthritis, skin 

cancers, joint deformity, etc.
12.  Neurologic: Increasing severity of headaches, history of stroke, 

etc.
13.  Endocrine and breast: Increasing severity of diabetes mellitus, 

obesity, hormone replacement, etc.
14.  Psychiatric illness: Increasing severity of psychiatric illness, 

dementia, substance use disorder, etc.
*Predicts higher severity of disease burden in elderly patients

Performance status metrics

ASA Score [115]    I: A normal healthy patient
   II: A patient with mild systemic disease
III: A patient with severe systemic disease
IV:  A patient with severe systemic disease that is a constant threat to 

life
 V:  A moribund patient who is not expected to survive without the 

operation
VI:  A declared brain-dead patient whose organs are being removed 

for donor purposes
Eastern cooperative 
oncology group (ECOG) 
Score [18]

0:  Fully active, able to carry on all predisease activities without 
restriction

1:  Restricted in strenuous activity, ambulatory, and able to do light 
work

2:  Capable of all self-care, but no work activities, out of bed >50% of 
day

3:  Capable of limited self-care, confined to bed or chair >50% of day
4: Completely disabled, no self-care, confined to bed or chair
5: Dead

W. H. Chou et al.
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Table 11.1 (continued)

Assessment tool Criteria

Karnofsky performance 
Status [116]

100: Normal, no complaints, no evidence of disease
 90:  Able to carry on normal activity; minor signs or symptoms of 

disease
 80: Normal activity with effort, some signs or symptoms of disease
 70:  Cares for self but unable to carry on normal activity or to do 

active work
 60:  Requires occasional assistance but is able to care for most of 

personal needs
 50: Requires considerable assistance and frequent medical care
 40: Disabled; requires special care and assistance
 30:  everely disabled; hospitalization is indicated although death is 

not imminent
 20: Very ill; hospitalization and active supportive care necessary
 10: Moribund
 0: Dead

Frailty metrics

Fried frailty phenotype 
[30]

1. Unintentional weight loss (>10 lb. over 1 year)
2. Sarcopenia
3. Weakness: Grip strength in lowest 20% based on gender and BMI
4. In slowest 20% for gait based on gender and height
5. Lowest 20% kcal/week with regard to activity
* ≥ 3 criteria = frailty
1–2 criteria = pre-frail

Canadian study of 
health and aging frailty 
index [31]

Assessment of 70 variables that measure comorbidity burden, ADL 
ability, and physical/neurological signs based on examination of 
mobility, function, and self-rated health

FRAIL scale [33] 1. Do you feel worn out/tired?
2. Ability to climb one flight of stairs
3. Ability to walk 100 m
4. >5% weight loss
5.  At least five conditions from the following: Dementia, heart 

disease, depression, arthritis, asthma, bronchitis/emphysema, 
diabetes, hypertension, osteoporosis, stroke

* ≥ 3 points = frail
Clinical frailty scale 
[117]

1. Very fit: Robust individuals and who exercise regularly
2. Well: Without active disease but less fit that those in category 1
3.  Well, with treated comorbid disease: Disease symptoms 

well-controlled
4.  Apparently vulnerable: Not frankly dependent, but with disease 

symptoms or experiencing being “slowed” up by comorbidities
5. Mildly frail: Limited dependence on others for IADL(s)
6. Moderately frail: Help needed with both IADL and ADL
7.  Severely frail: Completely dependent on others for ADLs, or 

terminally ill

(continued)

11 Optimizing Perioperative Treatment for Kidney Cancer



222

they remain underutilized in general clinical practice. One potential additional fac-
tor to consider when assessing a patient’s burden of comorbidity is how severely 
each of the comorbidities impacts or interferes with a patient’s day-to-day quality of 
life. A candidate classification system that attempts to communicate not only the 
number of comorbidities but also their perceived impact is the Cumulative Illness 
Rating Scale-Geriatric (CIRS-G) scale [17], which is predictive of hospital out-
comes and short-term mortality in older adults, but has yet to be validated in 
RCC. Given the patient-reported element of this scale, it may be more relevant for 
use in the evaluation of an individual during clinical assessment and can be assessed 
during history-taking, but is not widely adopted at this point in urologic oncology 
practice.

 Functional Status

Conventionally, the Eastern Cooperative Oncology Group performance status 
(ECOG-PS) has been used to assess function in patients (Table 11.1) [18], such as 
within the University of California Integrated Staging System (UISS) for localized 
RCC [19]. The Karnofsky Performance Status (KPS) scale is a similar, older system 
analogous to the ECOG-PS [18]. While fairly simple to determine and validated as 
prognostic factors, these scales have their shortcomings. The ECOG-PS has been 

Table 11.1 (continued)

Assessment tool Criteria

Modified frailty index 
[118]

 1.  Functional health status before surgery (partially dependent, 
totally dependent)

 2. Diabetes mellitus
 3. Chronic obstructive pulmonary disease
 4. Congestive heart failure
 5. History of myocardial infarction within 6 months
 6. Prior cardiac surgery
 7. Hypertension
 8. Impaired sensorium
 9. History of TIA
10. History of stroke
11.  Peripheral vascular disease requiring surgery or with active 

claudication present
Index = number of present factors/11; pre-frail defined as 0.09–
0.19; frail defined as ≥ 0.27

Simplified frailty index 
[119]

1. Diabetes
2. Functional status
3. Chronic obstructive pulmonary disease
4. Congestive heart failure
5. Hypertension
Scored as 1, 2, or ≥ 3 risk factors
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criticized for poor sensitivity. For example, in one study of older patients with can-
cer, over half of those with ECOG-PS of 0–1 needed help with activities of daily 
living (ADLs) [20]. In patients undergoing partial nephrectomy, ECOG-PS also did 
not correlate with length of stay or overall complication [13]. Similarly, in a study 
of older patients with cancer, KPS did not predict mortality [21]. Furthermore, data 
from Bergerot and colleagues suggested that there are substantial discrepancies in 
how patients and physicians characterize performance status, such that clinicians 
more frequently characterized patients as having an ECOG PS of 0 compared to 
patients themselves (92.4% vs. 64.1%; p = 0.001), highlighting the potential subjec-
tivity of this assessment [22]. Finally, while KPS is widely used in risk stratification 
models for mRCC [23–25], the scale has been less robustly studied in  localized 
disease.

Current guidelines from the ACS NSQIP/American Geriatrics Society (AGS) 
recommend explicitly screening patient ability to perform ADLs, as well as docu-
menting any recent falls or impairments in vision, hearing, or swallowing [26]. This 
screening can be supplemented by a functional assessment such as the Timed 
Up-and-Go Test (TUGT), a simple test for walking speed that has been correlated 
with postoperative complications and mortality [27].

 Frailty

Frailty is a multidimensional concept distinct from traditional comorbidity scores 
and absolute age that may help address these shortcomings that has gained consid-
erable traction in the urologic literature recently. Frailty is defined as “a medical 
syndrome with multiple causes and contributors that is characterized by diminished 
strength, endurance, and reduced physiologic function that increases an individual’s 
vulnerability for developing increased dependency and/or death.” [28] Generally, 
the frailty phenotype reflects five criteria: shrinking (weight loss), weakness (e.g., 
decline in grip strength), self-reported fatigue, a decrease in walking speed, and 
self-reported low activity. In older adults undergoing surgery for nonmetastatic 
RCC, worse functional health was linked with increased perioperative medical 
complications and mortality, in addition to higher costs [29].

Reflecting the physiologic reserve of a patient, frailty can be measured via vari-
ous metrics [30, 31]. Many of these metrics are time- and resource-intensive, mak-
ing full assessments in routine clinical workflow less feasible. Validated abbreviated 
tools have been developed to simplify this assessment, such as the Modified Frailty 
Index of the Canadian Study of Health and Aging (11-CSHA), which derives 11 
elements from original 70-variable metric and predicts major complication and 
readmission after partial nephrectomy [32]. In addition, the FRAIL scale is a five- 
item assessment tool that can be easily incorporated in routine visits using readily 
available information from medical records (Table 11.1) which also permits its 
translation to clinical research relying on administrative data [33].
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 Nutrition

Malnutrition predicts poor outcomes in RCC and is prevalent among patients with 
RCC. In surgical patients with localized RCC, 23% met at least one criterion for a 
composite of hypoalbuminemia, low body mass index (BMI), and weight loss; each 
of these feature was associated with reduced overall survival [34]. In patients with 
mRCC, 32% were classified as being at risk for malnutrition according to the 
Geriatric Nutritional Risk Index (GNRI) [35], which utilizes serum albumin, weight, 
and ideal body weight [36], and malnutrition was associated with worse overall 
survival. The GNRI has also been shown to predict postoperative complications in 
RCC patients [37]. Various other parameters to determine nutritional status have 
been utilized, including the Mini-Nutritional Assessment Scale-Short Form 
(MNA-SF), which incorporates BMI, certain comorbidities (dementia, acute ill-
ness, or stress), and other patient history (recent weight loss, homebound status, 
anorexia) [38].

 Body Composition

BMI is the most commonly used parameter in the literature and clinical practice to 
communicate body composition at present. While simple to calculate, this measure 
is nonspecific, reflecting weight normalized by height alone, rather than more spe-
cific factors such as muscle mass [39]. To this end, the data regarding the prognostic 
benefit of BMI are inconsistent, demonstrating no association between BMI and 
various perioperative and oncologic outcomes, other studies demonstrating adverse 
associations with obesity, and still other studies yielding a counterintuitive associa-
tion between obesity and improved survival [40, 41]. This latter phenomenon has 
been termed “the obesity paradox” and is thought to result from, at least in part, 
misclassification bias, related to the lack of specificity of BMI and the differential 
density of muscle versus adipose mass.

Conversely, granular measurements of body composition, in particular severe 
deficits in muscle mass, termed sarcopenia, have demonstrated prognostic value 
with respect to overall and cancer-specific survival. Associations between deficits in 
muscle mass and oncologic outcomes have been demonstrated across the spectrum 
RCC from localized to metastatic disease, such that low muscle mass is indepen-
dently associated with death from cancer and death from any cause [42–44]. While 
sarcopenia has been used to denote a severe deficit of muscle mass [45], contempo-
rary definitions stress the functional decline inherent to this condition such that it is 
not only an anatomic classification but also encompasses an assessment of strength 
and physical performance [46]. Detailed body composition analysis may be useful 
at both single time points and as a dynamic measure that can capture accelerated 
lean muscle loss prevalent in patients with cancer. Although not yet routinely evalu-
ated in standard clinical practice, muscle mass can be measured using the skeletal 
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muscle index, which reflects the cross-sectional surface of lean muscle at the mid-
point of L3 normalized by height in meters squared (cm2/m2). The skeletal muscle 
index is a well-described metric that has been validated against DEXA scans and 
autopsy studies as a proxy for total body lean muscle mass [47]. Furthermore, these 
measurements can be derived from axial CT scans or MRI obtained for staging or 
surveillance purposes in routine clinical practice [44, 48, 49]. Methodology using 
artificial intelligence and machine-learning platforms are in development to increase 
access to these measurements in clinical practice.

 Immune Profile/Inflammation

Malignancy often results in simultaneously catabolic and inflammatory states, cre-
ating a complex interplay between the immune profile and nutritional status. For 
example, hypoalbuminemia, often utilized as a surrogate for malnutrition, is also an 
acute-phase reactant, reflecting systematic inflammation. Increased C-reactive pro-
tein (CRP), platelet, and erythrocyte sedimentation rate (ESR) have all been associ-
ated with decreased survival in RCC [50]. To move beyond individual serum 
markers though, various scoring systems have been derived to synthesize nutritional 
and inflammatory parameters. For example, the Onodera Prognostic Nutritional 
Index (OPNI) score, incorporating serum albumin and total lymphocyte count, has 
been validated as an independent prognostic factor for overall survival and 
recurrence- free survival in RCC patients [51]. Similarly, the Controlling Nutritional 
Status (CONUT) score, which incorporates serum albumin, lymphocyte count, and 
total serum cholesterol [52], has demonstrated associations with overall survival in 
RCC surgical patients [53].

Increased neutrophil-to-lymphocyte ratios were associated with poorer overall 
survival and progression-free survival in both patients with localized RCC and 
mRCC [54] and appears to perform similarly to the OPNI score [55]. Conversely, 
lower platelet-to-white blood cell ratios are associated with greater perioperative 
infectious complications and need for blood transfusion in patients undergoing radi-
cal nephrectomy for RCC, although this parameter has not been validated as exten-
sively [56].

 Prognostic Models to Convey Risk in Metastatic Disease

Various risk stratification schemes have been developed in the setting of metastatic 
RCC.  The Motzer criteria, also known as the Memorial Sloan Kettering Cancer 
Center (MSKCC) Criteria, first presented in 1999 [57], predict overall survival in 
patients with mRCC based on assessment of the following risk factors: KPS <80%, 
lactate dehydrogenase >1.5× upper limit of normal, anemia, corrected serum cal-
cium >10 mg/dL, and no prior nephrectomy. With the advent of targeted therapies 
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in addition to interferon-based immunotherapy, contemporary risk prediction mod-
els have been developed for cancer-specific survival and overall survival after cyto-
reductive nephrectomy [58, 59]. These have included the Heng criteria, also known 
as the International Metastatic RCC Database (IMDC) Criteria, which include the 
following characteristics: KPS <80%, <1-year time from diagnosis to treatment, 
anemia, serum calcium above upper limit of normal, neutrophil count above upper 
limit of normal, and platelet count above upper limit of normal [23]. Such models 
are used to guide decision-making around selection for upfront cytoreductive 
nephrectomy [60]. Conversely other recently designed prognostic models have been 
developed at high volume centers from both contemporary and historic cohorts that 
include more granular data [59].

 Laboratory Evaluations

Labs that should be obtained as part of routine preoperative evaluation include a 
comprehensive blood count, comprehensive metabolic panel, and urinalysis. These 
labs can help risk-stratify patients based on previously mentioned parameters such 
as nutritional status and immune profile. eGFR may also guide the decision as to 
whether a radical versus partial nephrectomy should be performed. Current 
American Urological Association (AUA) guidelines recommend proceeding with 
radical nephrectomy if predicted postoperative eGFR is >45  mL/min/1.73  m2, 
among other factors [61]. To this end, multiple nomograms have been developed to 
predict the probability of postoperative eGFR ≤45 mL/min/1.73 m2 with readily 
available patient characteristics and preoperative renal function [62, 63]. In addi-
tion, CBC may reveal anemia, which has been shown to be associated with decreased 
survival and earlier recurrence in patients undergoing radical or partial nephrectomy 
[64]. In the setting of metastatic disease, the aforementioned tests are sufficient for 
calculating Heng criteria, while lactate dehydrogenase is necessary to ascertain the 
Motzer/MSKCC criteria.

 Comprehensive Geriatric Assessment

A comprehensive geriatric assessment (CGA) represents a multidimensional 
approach that incorporates many of the above parameters into a more holistic 
assessment compared to unidimensional or simplistic assessments such as chrono-
logic age or comorbidity scores. CGAs characterize a patient across seven domains, 
including a patient’s functional status, comorbidity, polypharmacy, cognition, psy-
chologic status, social supports, and nutrition [65]. While complex, CGA may better 
capture functional impairment. Studies in hospitalized older adults have shown that 
CGA is abnormal in 65% of patients with a “normal” ASA and that an abridged 
geriatric assessment outperforms KPS in predicting mortality [21, 66]. A recent 

W. H. Chou et al.



227

study of patients who underwent a geriatric assessment prior to partial nephrectomy 
also found that increased frailty was associated with major postoperative complica-
tions [67].

Currently, CGAs are recommended in National Comprehensive Cancer Network 
(NCCN) guidelines for any older adult who may have difficulty tolerating therapy, 
although identifying such patients is not straightforward [68]. Full CGAs are time- 
intensive and best performed by geriatricians or physicians who are specially trained 
in these assessments. However, abbreviated screening tools focused on functional 
status, comorbidities, cognition (such as the Mini-Cog), weight loss, and social sup-
ports can be more easily incorporated into routine clinical practice [69], which can 
determine whether referral for complete CGA by specialists is warranted.

 Medical/Other Consultation

Appropriate consults should be placed to further evaluate and manage discrete vul-
nerabilities detected by previously mentioned assessments. These may include for-
mal assessment by a nutritionist for malnutrition, as well as evaluations by specialists 
in physical therapy, occupational therapy, or physical medicine and rehabilitation 
(PM&R) in the setting of frailty/poor functional status. These referrals may be par-
ticularly useful in patients slated to receive systemic therapy, such as in patients 
with mRCC planned for upfront systemic therapy and subsequent consideration for 
deferred cytoreductive nephrectomy. Social work should also be considered to 
address issues including, but not limited to: food insecurity, housing and utility 
needs, finances, transport, and social supports at home [26].

Cardiology referrals should be considered for patients at high risk for a major 
adverse cardiac event, as well as for patients having symptoms such as worsening 
dyspnea, angina, concerning electrocardiogram findings, those with significant 
risk factors for coronary artery disease, or those with a history of prior cardiac 
interventions for severe disease. In patients with a history of poorly controlled 
diabetes, referral to endocrinology may warrant given associations with elevated 
hemoglobin A1c with increased length of stay and increased perioperative mor-
tality [70, 71].

In addition, nephrology referral can be considered in those with a high risk of 
new chronic kidney disease (CKD) or progression of existing disease, particularly 
in those in whom severe postoperative renal dysfunction is anticipated. It should be 
noted that the data suggest that patients with surgically induced CKD have slower 
rates of eGFR decline and mortality compared to those with primarily medically 
driven CKD [72]. However, there is not a clean divide between these different eti-
ologies of CKD, as patients with RCC often have medical comorbidities linked with 
preexisting CKD. AUA guidelines account for these differing risk factors and give 
examples of appropriate patients for nephrology referral as including those with a 
preoperative eGFR <45  mL/min/1.73  m2, proteinuria, diabetes with underlying 
CKD, and those with expected postoperative eGFR <30  mL/min/1.73  m2 [61]. 
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Previously mentioned nomograms developed by McIntosh and colleagues and Ellis 
and colleagues may be useful in estimating postoperative eGFR and potential risks 
of end-stage renal dysfunction and future need for renal replacement therapy 
[62, 63].

Genetic counseling should be considered in select patients presenting with sig-
nificant family histories, syndromic presentations, and patients 46 years of age and 
younger presenting with renal masses [61].

For patients where venous tumor thrombectomy and potential bypass is antici-
pated, cardiac anesthesiology should be involved in preoperative planning as well as 
colleagues from vascular surgery, hepatobiliary surgery, and/or cardiothoracic sur-
gery as appropriate to the extent of the tumor and anticipated need for complex 
vascular reconstruction [73, 74].

 Perioperative Optimization

Many of the principles described in the following section fall under the guise of 
broader Enhanced Recovery After Surgery (ERAS) protocols, which are multidisci-
plinary data-driven care pathways that aim to improve the consistency of periopera-
tive care using detailed checklists. ERAS protocol has demonstrated improvement 
in outcomes such as length in stay, readmission rates, and perioperative morbidity 
across surgical fields. Prospective randomized trials in patients undergoing partial 
or radical nephrectomy found that ERAS groups had shorter length of stay, as well 
as reduced or comparable rates of complications [75, 76]. While there is consider-
able heterogeneity in ERAS protocols, there are often common elements that fall 
within preoperative, intraoperative, and postoperative considerations, which we will 
highlight where pertinent.

 Counseling/Expectation Setting

Patients should participate in shared decision-making and preoperative education as 
they consider treatment selection. Frank but compassionate discussions that incor-
porate patient preferences and concerns should be undertaken, as well as appropri-
ate counseling regarding potential outcomes and potential complications or risks 
associated with surgery both in general and as related to an individual’s unique risk 
profile. This discussion should also include details regarding perioperative expecta-
tions regarding hospital stay, recovery/convalescence, and timing of return to nor-
mal activities, in addition to expectations around postoperative disposition and the 
potential need for discharge to settings other than home, such as a skilled nursing 
facility. Patient should be given the opportunity to ask questions. Visual aids and 
techniques such as the “repeat back” may be helpful for improving patient under-
standing [77]. These conversations also warrant discussion of advance care 
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planning (ACP). While a challenging topic, ACP allows the physician to explore the 
patient’s priorities and preferences in the case of adverse events, as well as ensure 
that a healthcare proxy is on file.

Laying the groundwork for such patient-centered conversations may aid in more 
active engagement in perioperative optimization. While traditional risk factors are 
often static, many of the elements and domains described in the prior sections are 
potentially modifiable. This represents an exciting area for research on preoperative 
interventions, termed “prehabilitation,” aiming to improve short-term outcomes and 
potentially to modify treatment strategy or eligibility. Given that expedient surgery 
is often warranted for RCC patients, instituting interventions with enough time for 
patients to achieve benefit may be challenging. However, patients on active surveil-
lance and those with advanced or mRCC may have protracted periods of surveil-
lance or nonoperative treatment before surgery is considered, creating potential 
windows of opportunity for these prehabilitation interventions to be enacted.

 Preoperative Nutritional Optimization

Current European Society for Clinical Nutrition and Metabolism (ESPEN) guide-
lines for nutrition in oncology patients emphasize early screening of nutritional sta-
tus followed by personalized nutritional support [78]. Gold standard measures 
would include resting energy expenditure (REE) calculated via indirect calorimetry 
in these patients. Where REE cannot be measured though, ESPEN guidelines rec-
ommend as an initial target 25–30  kcal/kg/day and 1.2–1.5  g of protein/kg/day, 
although older patients may benefit from even higher protein intake [79].

Although no randomized controlled trials regarding preoperative nutritional sup-
plementation have been undertaken to date for surgical patients with RCC, promis-
ing findings have been found in other surgical fields. Perioperative immunonutrition 
has been found to decrease rates of postoperative complications, particularly infec-
tions, and shorten hospital length of stay in the setting of gastrointestinal surgery 
and other oncologic surgeries [80, 81]. Within urology, limited data are available 
and preoperative interventions remain largely investigational. A small randomized 
controlled trial in patients undergoing radical cystectomy demonstrated a reduction 
in postoperative infectious complications within the group receiving immunonutri-
tion, with concomitant improvement in markers for immune response [82]. Another 
trial in patients undergoing cystectomy demonstrated that, while enriched oral sup-
plementation prior to surgery did not result in greater hospital-free days compared 
to multivitamin supplementation, postoperative sarcopenia was less common in the 
former group [83]. Further randomized controlled trials are in progress at this 
time [84].

Given the investigational nature of preoperative nutritional efforts, we recom-
mend that physicians consider referrals to nutritionists for patients who are identi-
fied to have malnutrition or sarcopenia prior to surgery who are not planned for 
immediate surgery. For those who are anticipating proceeding to the OR soon, 
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nutritional consultation in the postoperative period can be helpful to optimize nutri-
tional recovery. Regarding the immediate preoperative period, preoperative fasting 
should not be enforced until 6 hours before surgery and water deprivation enacted 
only 2 hours before surgery. Glucose supplementation up to this point may also be 
considered and is included in many ERAS pathways.

 Preoperative Exercise Recommendations

Aerobic reserve is an important factor both for tolerating the direct stressors of sur-
gery and participating in postoperative care. Patients should be counseled about the 
importance to increase their level of physical active preoperatively. Current NCCN 
guidelines on survivorship prescribe 150–300  minutes of moderate activity or 
75 minutes of vigorous activity over the course of a week, as well as two to three 
strength training sessions per week [85]. While this may not be feasible for all 
patients, these guidelines should be used to stress the overall importance of physical 
activity. Referral to PM&R and physical therapy may be considered to assist in 
optimizing functional status and exercise in the perioperative period.

The feasibility of preoperative conditioning regimens has notably been piloted in 
the patients with bladder cancer undergoing radical cystectomy. A randomized con-
trolled trial demonstrated improvements in 6-minute walking distance and other 
measures of fitness, which translated to increased postoperative mobilization after 
only 2  weeks of home-based training [86]. Translation of these outcomes into 
improved perioperative outcomes has yet to be demonstrated though. While further 
trials are ongoing to determine ideal exercise prescriptions, general recommenda-
tions at this point include increasing physical activity and weight-bearing activity as 
much as possible for a patient. These recommendations should be targeted, account-
ing for an individual’s baseline cardiopulmonary fitness and functional status as 
well as their individual goals and vulnerabilities. For example, while some patients 
may be able to sustain a high-intensity exercise regimen, others will benefit from 
increasing the proportion of time they are sitting as opposed to lying in bed or walk-
ing short distances with assistive devices.

 Smoking Cessation

In addition to detrimental chronic health effects and poorer oncologic outcomes in 
RCC patients [87], smoking has been associated with increased risk of perioperative 
complications [88]. A meta-analysis found that while longer periods of smoking 
cessation are associated with fewer postoperative complications, benefit was still 
seen for shorter periods [89]. Thus, we recommend cessation as soon as possible 
and independent of surgery. Although smoking cessation immediately prior to sur-
gery was thought to be potentially detrimental, this has not proven to be the case 
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[90]. Patients should be provided support for quitting smoking. These resources can 
involve both nonpharmacologic approaches, such as group counseling sessions, and 
pharmacologic agents, such as nicotine replacement therapy, bupropion, and 
varenicline.

 Systemic Therapy Hold Parameters

Regarding medication parameters prior to operation, we will focus on several 
important categories, such as anticoagulants, hypoglycemics, and immunosuppres-
sants. The 2014 American Urological Association (AUA) White Paper summarizes 
recommendations for antiplatet and anticoagulant agents [91]. This issue is particu-
larly topical for patients with venous tumor thrombus who commonly receive pre-
operative anticoagulation [73]. Patients with appropriate indications, such as stroke 
prevention or those with cardiac risk factors, may often be able to continue aspirin 
perioperatively. While continuation of aspirin is associated with a small risk of 
increased bleeding, this has not translated to increased transfusion rates. Risk of 
thrombosis from cessation of anticoagulant agents must be closely weighed against 
increased risk of bleeding complications and will often warrant multidisciplinary 
collaboration. Pertinent risk factors for thromboembolic events include history of 
mechanical heart valves, atrial fibrillation, and deep vein thromboses. In these 
cases, warfarin and direct oral anticoagulants (DOACs) are typically recommended 
to be held for 2–5  days before surgery with appropriate bridging depending on 
risk level.

Regarding hypoglycemic agents, many of these medications can be taken into 
the morning of surgery, with exceptions for certain classes and modifications for 
insulin dosing [92, 93]. Patients on chronic steroids may require stress dose steroids 
at the time of surgery, and referrals to gastroenterology and rheumatology should be 
placed in the cases where immunomodulatory agents are being used. Otherwise, the 
merits of discontinuing agents associated with AKI as well as perioperative hypo-
tension, such as ACE inhibitors, nonsteroidal anti-inflammatories, and diuretics, 
should be considered.

Regarding patients with advanced RCC, there is some evidence that targeted 
therapies have detrimental effects on wound healing [94]. Given the prolonged half- 
lives of tyrosine kinase inhibitors (TKIs), such as 24–48  hours for sorafenib, 
40–60 hours for sunitinib [95], and 55–99 hours for cabozantinib, these agents are 
generally held prior to cytoreductive nephrectomy [96]. Per manufacturer recom-
mendations, sorafenib should be held for at least 10 days before surgery and suni-
tinib and cabozantinib for at least 3 weeks [97–99]. Resumption is recommended no 
earlier than 2 weeks after surgery, although there are limited data regarding precise 
timing of cessation and resumption, and practices may vary by clinical institution 
and surgeon. Notably, bevacizumab has a longer half-life of 21 days [95] and is 
recommended to be held for 28 days before and after surgery [100]. Conversely, 
most immunotherapy agents are continued through surgery, including ipilimumab 
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and nivolumab, although a high index of suspicion for uncommon immune-related 
adverse events unique to these agents should be maintained and holds may be insti-
tuted on an individualized basis [101].

 Pre-surgical Planning

Key aspects to ensuring that surgical management of RCC progresses in a con-
trolled and optimally safe fashion start with preoperative surgical preparation. In the 
careful evaluation of available cross-sectional staging imaging, an important factor 
to assess is hilar anatomy, which includes the number and location of dominant and 
accessory renal arteries and veins, surrounding and parasitic vasculature, as well as 
lumbar vessels. It is also important to evaluate the potential involvement of the sur-
rounding viscera and proximity to structures such as the pancreas, liver, intestine, or 
adrenal gland, which might change the surgical approach or warrant additional cau-
tion during certain steps (e.g., Kocherization of the duodenum). Extensive hilar 
adenopathy should be approached with caution given the potential need for meticu-
lous vascular dissection as well as lymphostasis. Careful preoperative study of 
available imaging is also necessary to forecast and ensure that appropriate surgical 
equipment is available (e.g., self-retaining retractors, intraoperative ultrasound). In 
the case of venous tumor thrombus, understanding the level of the tumor thrombus, 
involvement of bland thrombus, and extent of venous occlusion is important for 
planning possible venous reconstruction, substitution, or ligation, as well as early 
initiation of anticoagulation.

For cases with extensive involvement of surrounding viscera where adjunctive 
procedures are anticipated (e.g., vascular reconstruction in the form of patch or 
tube-interposition grafts), it is essential to have vascular surgical support on standby 
if the primary surgeon is not specifically trained in such reconstructive procedures. 
For level III or IV venous tumor thrombi, surgeons who do not routinely mobilize 
the liver and the suprahepatic IVC may consider preoperative consultation of col-
leagues in hepato-pancreato-biliary surgery. Many high-volume centers of excel-
lence have multidisciplinary Tumor Thrombectomy “Teams” incorporating surgeons 
from these different disciplines to optimize outcomes in these complex and high- 
risk cases.

For patients with tumor involving surrounding viscera on preoperative imaging 
(e.g., the mesentery of the colon, the liver, the tail of the pancreas), involvement of 
general surgery, colorectal surgery, or hepato-pancreato-biliary surgery may be 
appropriate if the treating urologic oncologist does not have sufficient expertise to 
perform relevant adjunctive procedures independently (e.g., partial or subtotal col-
ectomy, partial hepatectomy, distal pancreatectomy). It is preferable and logistically 
advantageous to alert colleagues who may be needed for an intraoperative consult 
in advance to ensure that whatever help is needed is available at the time of surgery.

Finally, careful study of the preoperative imaging, understanding of the patient’s 
prior surgical history, and surrounding anatomy with visualization of the case is 
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important to select the optimal surgical approach for a specific patient. For example, 
a patient with multiple prior abdominal procedures who is anticipated to have sig-
nificant adhesive disease may benefit from a retroperitoneal/flank approach to avoid 
the necessity of an extensive adhesiolysis at the time of surgery. Similarly, patients 
with prior anterior abdominal mesh for hernia repairs around the umbilicus who 
warrant an intraperitoneal approach may benefit from a subcostal incision vs. a 
midline incision to avoid the previously placed mesh. Conversely, a patient with 
extensive common iliac adenopathy may benefit from midline exposure to ensure 
adequate access to inferior tumor burden. Where possible and if surgeons have 
appropriate experience and expertise, minimally invasive approaches should be 
considered given improved perioperative recovery and similar oncologic outcomes 
with open surgeries [102]. As per AUA guidelines, negative margins should be pri-
oritized in partial nephrectomy, as well as minimization of prolonged warm isch-
emia [61].

 Intraoperative Considerations

In keeping with an AUA White Paper on best practices in the intraoperative setting, 
effective team communication, such as through use of preoperative huddles and 
surgical safety checklists, is critical for reduction of medical errors [103]. Regarding 
antimicrobial prophylaxis, a single administration of intravenous cephalosporin has 
been shown to significantly reduce rates of infection in patients undergoing radical 
nephrectomy [104, 105].

Intraoperatively, steps are taken to minimize blood loss. These may include care-
ful ligation of parasitic vessels using ligation, staple ligation, or thermal ligation 
(e.g., LigaSure®) and ensure that appropriate blood products are proximately avail-
able as necessary. In cases with significant potential for intraoperative blood loss 
such as tumors with extensive venous tumor thrombus involving the inferior vena 
cava, those with extensive parasitic vessels, as well as tumor or lymphadenopathy 
encasing the renal hilum or great vessels, additional vascular access, and intraopera-
tive monitoring (e.g., arterial line, central line, large bore IVs) should be considered. 
Per ERAS protocols, conservative intraoperative fluid administration and mainte-
nance of normothermia should be implemented [76].

 Postoperative Optimization

 Immediate Postoperative Period

Multimodal analgesic regimens that minimize narcotic use should be used. Such 
pathways may reduce rates of need for opioids at discharge and reduce adverse 
effects including hyperalgesia, delirium, somnolence, aspiration, and delayed 
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mobilization as well as ileus [103]. In keeping with ERAS protocols, enteral nutri-
tion is resumed as soon as possible with the objective of having patients resume a 
normal diet within 2 days of surgery. Early activity is encouraged and is aided by the 
prompt removal of tethers such as urinary catheters and drains as soon as is appro-
priate. While there is wide variation in mobilization protocols, these overall appear 
to shorten length of stay and improve patient quality of life measures [106, 107].

 Follow-Up and Cancer Survivorship

Postoperative care for patients should adhere to the principles of survivorship as put 
forth by NCCN and AUA guidelines (Fig. 11.2) [85, 108]. Regarding surveillance, 
2013 AUA guidelines recommend a targeted history and physical and lab testing for 
renal function during follow-up, as well as chest and abdominal imaging with their 
frequency based on TNM staging. However, some authors would argue for pro-
longed and risk-stratified surveillance that incorporates assessments of risk for 
recurrence as well as life expectancy [109, 110].

In addition to surveillance for new or recurrent tumors, patients should undergo 
assessment for late effects of cancer treatment, have coordinated care between their 
primary care providers and specialists, and be counseled regarding healthy practices 
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Fig. 11.2 Components of survivorship care, as adapted from NCCN guidelines
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[85]. In addition to surveillance through regular physical examinations, laboratory 
studies, and imaging, patients should also be provided adequate psychosocial sup-
port. This may take the form of psychiatric referral, community-based resources 
such as support groups. Healthy habits such as regular physical activity and smok-
ing cessation are encouraged.

For patients with RCC, control of comorbidities linked with risk of renal insuf-
ficiency renal function should be optimized, with referral to nephrology as needed. 
A systematic review found that >30% of patients who underwent radical nephrec-
tomy and ≥ 12% of those who underwent partial nephrectomy for localized RCC 
had new onset of ≥stage 3 CKD [111]. Regarding behavioral modifications, daily 
salt intake should be limited to <4 g given increasing risk of cardiovascular events 
and mortality [112]. Low-protein diets are often recommended for those at risk for 
or with CKD and may reduce progression in those with stage 3 or 4 CKD [113]. 
However, this should be weighed against the potential of exacerbating preexisting 
malnutrition and the patient’s existing renal function. Pertinent conditions to man-
age include hypertension and diabetes.

 Summary

In this chapter, we have reviewed strategies for perioperative optimization for 
patients with RCC, for which surgical treatments have substantial morbidity. 
Detailed and patient-focused preoperative risk stratification can help inform the 
risks and benefits of a procedure. While routinely evaluated by a host of factors 
including TNM staging, comorbidity burden, and functional status, refinement of 
risk through assessment of frailty, nutritional status, and body composition allow for 
more holistic and personalized evaluation of surgical candidates. Specifically, we 
recommend incorporating screening questions on patient’s ability to perform ADLs 
and overall functional status as recommended by multiple guideline bodies. The 
FRAIL scale and MNA-SF provide quick assessment for frailty and nutritional sta-
tus, respectively. Parameters from routine laboratory evaluation can be used to cal-
culate other prognostic factors such as the OPNI score or the MNA. Together, these 
tools allow for appropriate consults to be placed where vulnerabilities are identified. 
Patients should be counseled at the outset when electing a treatment strategy about 
potential outcomes and complications from intervention and be encouraged to 
engage in healthy behaviors including smoking cessation and physical activity. The 
realm of prehabilitation warrants further investigation but represents an exciting 
frontier in which shorter-term interventions could positively impact perioperative 
outcomes.

Careful surgical planning is necessary to determine ideal surgical approach and level 
of support needed from other specialists. ERAS protocols in the perioperative period 
have been shown to decrease length of stay and complications. Postoperatively, surgeons 
should engage in principles of survivorship, which not only include cancer surveillance 
but also assurance of psychosocial support and maintenance of healthy behaviors.
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Chapter 12
Surgical Treatment for Metastatic  
Kidney Cancer

Roy Mano and A. Ari Hakimi

 Introduction

Metastatic disease is present in approximately 15% of patients diagnosed with renal 
cell carcinoma (RCC) [1]. In addition, 20–30% of patients treated for localized 
RCC will develop distant or local recurrences within 5 years [2]. Common sites for 
RCC metastases include lung (45%), bone (30%), lymph nodes (22%), liver (20%), 
adrenal (9%), and brain (8%); 39% of patients have metastases at two or more sites 
[3]. The approval of sunitinib for treating metastatic RCC (mRCC) in 2005 marked 
a significant change in the treatment and outcome of patients. Since then, major 
advancements have been made in the management of metastatic disease including 
the addition of newer targeted therapies and immunotherapy as first-line treatment 
options [4]. Surgery for the treatment of mRCC may include the resection of the 
primary tumor and the kidney (cytoreductive nephrectomy) or the resection of 
metastases in well-selected patients. Historically, surgery had a central role in the 
treatment of metastatic RCC; however, its role is currently under question with the 
advent of new, improved, systemic therapies. In the following chapter, we will 
review the role of surgery as part of the multidisciplinary treatment for mRCC in the 
different treatment eras.
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 Cytoreductive Nephrectomy: Historical Perspectives

Cytoreductive nephrectomy (CN) was initially shown to improve overall survival in 
patients treated with interferon alpha-2b [5–7]. Flanigan et al. performed a random-
ized controlled trial comparing nephrectomy followed by interferon alpha-2b to 
interferon alpha-2b alone. The median survival of patients who received surgery 
(n = 120) was 11 months compared to 8 months for patients who did not receive 
surgery (n = 121, p = 0.05). This finding remained significant when controlling for 
performance status, metastatic site, and the presence or absence of a measurable 
metastatic lesion [5]. In a similar randomized trial, Mickisch et al. compared the 
outcome of 42 patients receiving combined treatment and 43 patients who received 
interferon alpha-2b alone. Time to progression (5 vs. 3 months, HR – 0.6, 95% CI 
0.36–0.97) and median duration of survival (17 vs. 7 months, HR – 0.54, 95% CI 
0.31–0.94) were both significantly longer in patients receiving CN [6]. In an analy-
sis combining both trials, a significant median OS improvement of 6 months was 
observed when combining CN with interferon compared to interferon alone [7].

Following the publication of these studies, CN became the standard of care for 
treating patients with mRCC. Consistent with this recommendation, a Surveillance, 
Epidemiology, and Ends Results (SEER) registry study which examined the tempo-
ral trends in the utilization of CN among patients with mRCC treated between the 
years 1993 and 2010 reported that the proportion of patients undergoing CN increased 
between the years 1993 and 2004 from 29% to 39% with a decrease in the utilization 
of CN since 2005 consistent with the approval of targeted therapies for mRCC [8].

 Cytoreductive Nephrectomy in the Era of Targeted Therapy

Multiple retrospective studies, based on single- and multicenter cohorts as well as 
cancer registries, supported the role of CN in patients treated with targeted therapy. 
Two meta-analyses of studies published by the year 2018 showed that among pub-
lished nonrandomized studies, nephrectomy followed by targeted therapy was asso-
ciated with an improved overall survival (OS) compared to targeted therapy alone 
[9, 10]. Hanna et  al. evaluated a group of over 15,000 mRCC patients from the 
National Cancer Database (NCDB) who were treated with targeted therapies 
between 2006 and 2013. Approximately a third of these patients underwent CN, a 
rate that remained stable throughout the years of the study. Patients who were 
younger, had private insurance, were treated at an academic center, and had lower 
tumor stage and cN0 were more likely to undergo CN. The median OS was signifi-
cantly longer among patients who underwent CN (17 vs. 8 months, p < 0.001), and 
CN patients had a lower risk of any death on multivariable Cox-regression analysis 
after adjusting for all available covariates. This survival benefit remained unchanged 
even after performing propensity score adjustment [11]. In a retrospective single-
center cohort study, the outcomes of CN prior to treatment with TKI were compared 
to the use of TKI alone in the real-world setting. Multiple imputations and inverse 

R. Mano and A. Ari Hakimi



245

probability of treatment weighting were used to account for missing values and dif-
ferences between the two groups. Contrary to previously described retrospective 
studies, no differences were observed in progression-free, overall, and cancer-spe-
cific survivals. In subgroup analyses, cancer-related outcomes were improved in 
patients with sarcomatoid features and clear cell histology who underwent CN [12]. 
Despite these findings from retrospective studies, level 1 evidence to support the use 
of nephrectomy prior to targeted therapy was lacking.

The CARMENA trial is a prospective, multicenter, open-label randomized, 
phase 3 trial which compared nephrectomy followed by sunitinib to sunitinib alone 
for the treatment of patients diagnosed with metastatic clear cell RCC with a pri-
mary endpoint of OS. A total of 450 patients classified as having intermediate- or 
poor-risk disease according to the Memorial Sloan Kettering Cancer Center 
(MSKCC) prognostic model were randomized to the study. At a median follow-up 
of 51 months, the results in the sunitinib-alone group were non-inferior to those in 
the nephrectomy-sunitinib group with a median overall survival of 18 months and 
14 months, respectively (HR = 0.89, 95% CI 0.71–1.1). These findings were consis-
tent when analyzed separately in patients with intermediate-risk and poor-risk dis-
ease. Furthermore, no significant differences were noted in the response rates or 
progression-free survival rates. Major adverse events in sunitinib-treated patients 
were slightly lower in the nephrectomy-sunitinib group (33% vs. 43%, p = 0.04) [13].

A major limitation of the CARMENA trial is the inclusion of patients with inter-
mediate- and high-risk disease, as apparent by the low overall survival of the study 
group when compared to randomized, controlled trials evaluating sunitinib. Patients 
with good-risk disease may therefore be more suitable for CN especially when con-
sidering the fact that patients with slow-growing disease after nephrectomy may be 
suitable for prolonged surveillance-only periods limiting the side effects associated 
with systemic therapy [14, 15]. Additional limitations of the CARMENA trial 
include the slow and incomplete accrual and the small number of patients enrolled 
in each one of the 79 trial centers (0.7 patients per year) suggesting not all patients 
with stage IV disease were enrolled to the trial. Furthermore, the nephrectomy- 
sunitinib group had a higher percentage of locally advanced tumors (stage T3 or T4) 
than the sunitinib group (70.1% vs. 51.0%), which could have affected surgical 
outcomes. Finally, more patients in the nephrectomy group did not receive the 
assigned treatment (18% did not receive sunitinib and 7% did not undergo nephrec-
tomy), while more patients in the sunitinib-only group received additional nephrec-
tomy (17%) and only 5% did not receive sunitinib, thus complicating the 
interpretation of the results [14].

 Risk Stratification of Patients Planned to Undergo 
Cytoreductive Nephrectomy

Several studies aimed to identify pretreatment prognostic factors to help select 
patients who are likely to benefit from CN. Investigators from the MD Anderson 
Cancer Center evaluated a group of patients who underwent CN, a large part of 
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whom were treated prior to the targeted therapy era, with the aim of identifying 
preoperative factors that were prognostic for outcomes. On multivariable analysis 
independent predictors of poor outcome included lactate dehydrogenase level 
greater than the upper limit of normal, an albumin level less than the lower limit of 
normal, symptoms at presentation caused by a metastatic site, liver metastasis, ret-
roperitoneal adenopathy, supradiaphragmatic adenopathy, and clinical tumor stage 
≥T3. Moreover, inferior OS was positively correlated with the number of risk fac-
tors, and patients with ≥4 risk factors did not seem to benefit from CN when com-
pared to a referent group of patients who received medical therapy alone [16]. 
Margulis et al. expanded the study cohort to include more recently treated patients 
and developed preoperative and postoperative nomograms to predict cancer-specific 
survival at 6 and 12 months after CN. The preoperative model included serum albu-
min and serum lactate dehydrogenase, and the postoperative model included the 
preoperative predictors as well as pathologic tumor stage, nodal stage, and receipt 
of blood transfusion. Both models showed good discrimination and calibration 
when evaluated on a validation dataset [17]. The clinical utility of both preoperative 
models was validated in an independent cohort of patients treated at MSKCC. Five 
of the seven risk factors described by Culp et al. (excluding ≥cT3 disease and meta-
static symptoms at presentation) were significantly associated with OS, and there 
was a decreasing rate of OS with the increase in the number of risk factors. The 
preoperative model suggested by Margulis et al. had a lower AUC than previously 
published and added little clinical utility for patient management [18]. In a study 
evaluating preoperative predictors of outcome in a more contemporary cohort of 
mRCC patients undergoing CN in the targeted therapy era, preoperative predictors 
included systemic symptoms at diagnosis, retroperitoneal and supradiaphragmatic 
lymphadenopathy, bone metastasis, clinical T4 disease, a hemoglobin level less 
than the lower limit of normal, a low serum albumin level, a serum lactate dehydro-
genase level greater than the upper limit of normal, and a neutrophil/lymphocyte 
ratio greater than or equal to 4. Patients were stratified into risk groups based on the 
number of risk factors present, and high-risk patients (>3 risk factors) did not seem 
to benefit from CN. Importantly, the median OS of the highest-risk group was lon-
ger than that reported for patients in the nephrectomy-sunitinib arm of the 
CARMENA trial (19.2 months vs. 13.9 months) [19]. A meta-analysis of studies 
published until 2018 found that good performance status and good/intermediate 
International Metastatic renal cell carcinoma Database Consortium (IMDC)/
MSKCC risk classification were identified as predictors of an OS benefit associated 
with the use of CN. Conversely, progression on presurgical systemic treatment, high 
C-reactive protein, high neutrophil-lymphocyte ratio, poor IMDC/ MSKCC risk 
classification, sarcomatoid dedifferentiation, and poor performance status were all 
prognostic for a decrease in OS [10].

Tumor size is an additional prognostic factor among patients with metastatic 
clear cell RCC. Clear cell tumors ≤4 cm were associated with a lower number of 
metastatic sites and improved OS which remained longer in smaller tumors even 
after adjusting for known predictors of outcome. The association between primary 
tumor size and outcome was not found in patients with non-clear cell RCC [20]. 
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Among patients treated with CN whose tumors were sequenced for genes com-
monly mutated in RCC, somatic mutations in SETD2 [HR = 0.58, 95% CI 0.35–0.94, 
p = 0.027] and KDM5C (HR = 0.43, 95% CI 0.22–0.85, p = 0.019) were associated 
with a reduced risk of death, whereas BAP1 mutations were associated with an 
increased risk of death (HR = 1.81, 95% CI 1.16–2.83, p = 0.008). However, the use 
of genetic findings may be limited by intratumoral heterogeneity present especially 
in large tumors [21, 22].

Most patients included in previously reported studies evaluating predictors of 
outcome had clear cell RCC. In a study evaluating a group of patients with non-clear 
cell RCC who underwent CN, the median OS was 14 months (11–27), and esti-
mated 2- and 5-year survivals were 40% and 12%, respectively. On multivariable 
analysis, increasing NLR and sarcomatoid features were associated with a worse 
outcome, while the presence of papillary features was associated with a favorable 
outcome [23]. In a cohort of patients with metastatic sarcomatoid RCC, estimated 
2- and 5-year overall survivals after CN were low (34% and 15%, respectively). On 
multivariable analysis, metastases to liver, lung, and retroperitoneal nodes and non- 
clear cell histology were associated with a worse outcome. Notably, median OS 
increased across each of the therapeutic eras, from 11 months pre-2006 to 21 months 
in patients treated from 2015 to 2018 [24].

Silagy et al. evaluated reasons physicians were unwilling to perform surgery in a 
cohort of patients with mRCC referred to CN.  When compared to patients who 
underwent CN, non-operative patients were older, had a reduced performance sta-
tus, and had a greater metastatic burden and non-clear cell histology. Reasons for 
avoiding CN included oncologic factors (metastatic burden, unresectable primary 
tumor, rapidly progressing disease, tumor-driven frailty, and oncologic prioritiza-
tion) and patient-fitness factors (pre-existing comorbidities and poor renal func-
tion). Interestingly, these considerations were associated with decreased OS with 
four of the oncological factors conferring a median OS of less than 12  months 
(p < 0.001) [25].

 The Timing of Cytoreductive Nephrectomy

Concerns associated with performing surgery prior to systemic therapy include 
delaying the initiation of systemic therapies which have proven efficacy in treating 
metastatic disease. In a study evaluating complications after CN and the time to 
receival of systemic therapy, only 5% had a Clavien grade ≥ 3 early complication. 
Over 60% of patients who were candidates for systemic therapy did not receive the 
treatment within 60 days; however, the delay was related to the CN in only 11% of 
patients. On multivariable analysis of preoperative factors, the presence of liver 
metastases was associated with a higher rate of complications and prolonged length 
of stay, while the use of a laparoscopic approach for CN was associated with earlier 
administration of systemic therapy [26]. In a meta-analysis of studies published 
until 2018, the risk for perioperative mortality was 0–10%, and the risk for Clavien 
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grade ≥ 3 complications was 3–29%. In this meta-analysis 13–30% of patients did 
not receive systemic therapy after CN [10].

To evaluate the optimal sequence of cytoreductive nephrectomy and targeted 
therapy, Bhindi et  al. used a cohort of patients from the NCDB and compared 
patients treated initially with CN and those treated initially with targeted therapy 
while using inverse probability of treatment weighting to account for treatment 
selection bias. In this study, initial CN was associated with improved overall sur-
vival compared to initial targeted therapy. The benefit obtained appeared to be in 
large part due to the greater likelihood of receiving multimodal therapy among 
patients treated initially with CN [27]. Using the same cohort of patients, Hanna 
et al. found a statistically significant survival benefit for patients who underwent CN 
after receiving targeted therapy. However, the study included only patients who 
received both CN and targeted therapy; therefore, the group of patients who received 
initial targeted therapy may be enriched in patients who responded well to systemic 
therapy and therefore underwent CN [11].

The SURTIME trial is a multicenter, randomized, phase 3 trial which compared 
immediate CN followed by sunitinib treatment and three cycles of sunitinib fol-
lowed by CN in the absence of disease progression for the treatment of patients with 
metastatic clear cell RCC who are surgical candidates. Due to poor accrual, the 
study was closed prematurely and included a total of 99 patients. The 28-week 
progression-free survival did not differ significantly between the immediate CN 
group (n = 50, 42%) and the deferred CN group (n = 49, 43%). The median OS was 
significantly longer in the deferred CN arm (32 months) compared to the immediate 
CN arm (15 months, HR = 0.57, 95% CI 0.34–0.95, p = 0.03). Importantly, in the 
deferred CN arm, systemic progression before CN occurred in 14 patients (29%) 
who did not undergo nephrectomy, while in the immediate CN arm, 10 patients did 
not receive sunitinib treatment. The authors concluded that with the deferred 
approach, more patients received sunitinib and OS was higher [28]. Critics of this 
study mention that the premature closure of the study due to the poor accrual ren-
dered it underpowered for evaluating the main aims of the study; thus, the results 
should be regarded as exploratory.

 Cytoreductive Nephrectomy in the Era 
of Checkpoint Inhibitors

After the publication of the CheckMate 214 and the Keynote 426 trials, combination 
checkpoint blockade immunotherapy with ipilimumab-nivolumab and combination 
treatment with pembrolizumab-axitinib, respectively, were approved by the FDA 
for the treatment of newly diagnosed metastatic RCC.  Subsequently, multiple 
guidelines have endorsed these treatment combinations as the preferred first-line 
regimens for the treatment of metastatic RCC [29, 30].

The benefit of CN in the advent of systemic immunotherapy has been ques-
tioned. Initial case series and cancer database studies support the feasibility and 
safety of CN for mRCC patients treated with immune checkpoint inhibitors (ICI). A 
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study evaluating radical (n = 10) and partial (n = 1) nephrectomy for ten patients 
who received initial immunotherapy with nivolumab or combination ipilimumab/
nivolumab showed the safety and efficacy of the procedure in this setting. The 
median time between ICI and surgery was 21 days, and the timing of nephrectomy 
relative to ICI dosing did not seem to impact outcome. None of the patients devel-
oped major intraoperative complications and 4/10 patients developed a Clavien- 
Dindo grade ≥ 3 complication within 90 days after surgery. Surgical margins were 
negative for all patients; however, only 1/10 patients exhibited complete response to 
immunotherapy in the primary tissue, highlighting the possible benefit from CN in 
ICI-treated patients. Interestingly 3/5 (60%) patients who underwent lymphadenec-
tomy and 3/4 (75%) patients who underwent metastasectomy did not have detect-
able malignancy in their lymph nodes and metastatic sites, respectively [31]. A 
recently published case series of five patients further supported the feasibility and 
safety of CN for mRCC patients who underwent treatment with combination ICI 
(ipilimumab-nivolumab with or without pembrolizumab-axitinib) for tumors ini-
tially deemed as unresectable [32]. In a study based on the NCDB, 391 surgical 
candidates diagnosed with clear cell mRCC between the years 2015 and 2016 and 
treated with immunotherapy with or without CN and no other systemic therapies 
were identified. At a median follow-up of 15 months, patients treated with CN and 
immunotherapy had superior OS (median not reached (NR) vs. 12 months; hazard 
ratio 0.23, p < 0.001) which remained significant on multivariable analysis. The 20 
patients who received immunotherapy prior to cytoreductive nephrectomy had 
lower stage and grade disease, smaller tumor size, and a lower rate of lymphovascu-
lar invasion. Two patients in the delayed CN group had no evidence of disease on 
pathology, and none of the patients in the group had positive surgical margins. 
These findings support the role of CN for patients treated with ICI. Moreover, it 
provides preliminary evidence regarding the timing and safety of CN relative to ICI 
administration [33].

Two trials are currently underway to provide level 1 evidence for the use of CN 
in mRCC patients treated with ICI. The phase 2 NORDIC-SUN trial (NCT03977571) 
will randomize participants to ipilimumab-nivolumab with or without nephrectomy. 
The primary outcome is overall survival, stratified by IMDC intermediate- and 
poor-risk disease. The phase 3 PROBE trial (NCT04510597) by the SWOG cancer 
research network will treat mRCC patients with ipilimumab + nivolumab, pembro-
lizumab + axitinib, or avelumab + axitinib, after which they will be randomized to 
either receive or not receive subsequent cytoreductive nephrectomy (Table 12.1) [34].

 The Role of CN According to Current Guidelines

The 2021 European Association of Urology (EAU) guidelines recommend perform-
ing immediate CN in patients with a good performance status who do not require 
systemic therapy. CN should be avoided in MSKCC poor-risk patients. Systemic 
therapy without CN should initially be given to intermediate-risk patients who have 
an asymptomatic synchronous primary tumor and require treatment, and delayed 
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CN should be discussed with patients who derive clinical benefit from systemic 
therapy. Finally, CN should be performed together with metastasectomy in oligo-
metastatic patients when complete resection of the local tumor and metastases can 
be achieved [29].

According to the 2021 National Comprehensive Cancer Network (NCCN) guide-
lines, patients with excellent performance status (ECOG PS <2) and no brain metas-
tases are candidates for cytoreductive therapy prior to systemic treatment if their 
tumor can be completely resected. In addition, patients with metastatic disease who 
present with local symptoms related to their primary tumor, such as hematuria, may 
be offered palliative nephrectomy if they are surgical candidates [30].

 Metastasectomy for Renal Cell Carcinoma

The resection of metastatic sites may be used in selected mRCC patients with the 
aim of achieving a disease-free state. In an NCDB-based study evaluating utiliza-
tion trends of metastasectomy among patient with mRCC, overall utilization rates 
increased significantly from 25% in 2006 to 31% in 2013. Patients treated at aca-
demic centers and those treated in recent years had higher odds of undergoing 
metastasectomy. In contrast, patients with increasing age, black and other races, 
stage pT2 and pT3 tumors, non-clear cell histology, and receipt of targeted therapy 
had lower odds of undergoing metastasectomy. After propensity score matching, 
median OS was 24 months for metastasectomy patients compared to 19 months for 
no metastasectomy (p < 0.001). In subgroup analyses, metastasectomy was associ-
ated with improved survival both in patients receiving targeted therapy and those 
who did not receive targeted therapy. In an exploratory analysis evaluating outcome 
based on site of metastases, metastasectomy was associated with a statistically sig-
nificant lower risk of death only for lung metastases [35]. A study from Germany 
evaluating patients with mRCC who underwent metastasectomy during the targeted 
therapy era showed a significant surge in metastasis-directed therapy, especially 
surgical resection, during the time of the study, similar to the trend seen in the 
NCDB-based study. A significant increasing trend for resection of lung, bone, and 
adrenal metastases was observed, while rates of lymph node resection did not 
change and those of central nervous system metastases decreased over time. 
Radiation was used to treat most bone and central nervous system metastases. There 
was no significant change in the use of radiation for treating metastases throughout 
the study period [36].

The survival benefit of metastasectomy was shown in a systematic review and 
meta-analysis of eight comparative studies published until January 2016 which 
compared survival in patients who underwent complete surgical metastasectomy vs. 
incomplete or no metastasectomy while adjusting for different baseline characteris-
tics. In the studies included, most patients had clear cell RCC, 12–81% of patients 
received systemic therapy, and most patients had metastases to multiple organ sites 
(36–56% of patients). Median overall survival ranged from 37 to 142 months for 
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patient who underwent complete metastasectomy compared to 8–27  months for 
patients who did not undergo complete metastasectomy. Lack of complete metasta-
sectomy was associated with an increased risk of overall mortality (adjusted 
HR = 2.37, 95% CI 2.03–2.87; p < 0.001) with low heterogeneity between studies 
[37]. A more recent meta-analysis was published in the year 2021 and included 17 
retrospective comparative studies. Consistent with previous findings, patients who 
did not undergo metastasectomy had a worse OS than those who underwent resec-
tion of metastases (HR = 2.15, 95% CI 1.59–2.92, p < 0.001). This increased risk of 
death was observed in patients treated with traditional cytokine therapy (HR = 2.64, 
95% CI 1.86–3.74, p < 0.001) as well as patients treated with novel targeted thera-
pies and immune checkpoint inhibitors (HR = 1.82, 95% CI 1.23–2.7, p = 0.003) 
[38]. A similar benefit was observed in contemporary comparative studies of single- 
and multicenter cohorts published since the year 2016 which are reported in 
Table 12.2 [39–45].

Despite the apparent benefit in metastasectomy according to published studies, it 
is important to consider the fact they are all retrospective study limited by an appar-
ent selection bias [46]. In addition, these procedures are associated with a high rate 
of complications which should be discussed with the patients prior to the proce-
dure [47].

 Predicting Outcomes After Metastasectomy

Nomograms and risk categories were created to identify which patients may benefit 
the most from metastasectomy. Predictive variables incorporated in these risk clas-
sifiers included high stage and grade of the primary tumor, sarcomatoid dedifferen-
tiation, non-pulmonary metastases (especially brain metastases), multiorgan 
metastases, incomplete metastasectomy, C-reactive protein levels >1 mg/dL, and 
disease-free interval ≤ 12 months [48–51]. Reported area under the curve for pub-
lished nomograms ranged from 0.71 to 0.88 demonstrating the accuracy of these 
models [48, 51]. In a meta-analysis published in 2021, prognostic factors associated 
with an improved OS in patient undergoing metastasectomy included lung only 
metastasis, asynchronous metastasis, fewer metastatic sites, clear cell histology, and 
prior nephrectomy. Importantly, despite differences among studies in the treatment 
and patients included, there was little heterogeneity regarding the prognostic factors 
identified [38].

Molecular subtyping may also assist in identifying which patients will benefit 
from metastasectomy. Outcomes after complete metastasectomy without systemic 
treatment were compared between 4 groups of ccRCC patients defined by a 35-gene 
expression classifier in a small cohort of 43 patients. Patients classified as good 
prognosis (ccRCC groups 2 and 3) had improved disease-free survival (median of 
23 months vs. 9 months, p = 0.011), longer time to systemic therapy (92 months vs. 
28 months, p = 0.003), improved cancer-specific survival (133 months vs. 50 months, 
p < 0.001), and improved overall survival (127 months vs. 50 months, p = 0.011); 
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these findings remained significant in multivariable analysis. Pending validation in 
larger cohorts, the ccRCC classifier may assist in selecting patients for metastasec-
tomy [52].

The role of metastasectomy was evaluated in a matched cohort of patients with 
metastatic sarcomatoid RCC who received metastasectomy (n = 40) and no metas-
tasectomy (n = 40). Metastasectomy did not appear to provide a statistically signifi-
cant survival benefit in patients with sarcomatoid RCC who presented with 
synchronous metastases (HR = 0.9, 95% CI 0.5, 1.5, p = 0.62) or asynchronous 
metastases (HR = 0.5, 95% CI 0.2, 1.4, p = 0.17) at nephrectomy. Pathological LN 
involvement at nephrectomy conferred a much worse prognosis in patients who 
undergo metastasectomy for sarcomatoid RCC. Therefore, the authors concluded 
that metastasectomy should be considered in patients with sarcomatoid RCC if clin-
ically indicated, especially for palliative purposes [53].

 Systemic Therapy After Metastasectomy

After metastasectomy, patients have a high risk of recurrence, but to date no postop-
erative medical treatment has been proven to be beneficial [54, 55]. The use of tar-
geted therapy after complete metastasectomy was evaluated by the RESORT trial, a 
multicenter, randomized, open-label phase 2 trial. Patients with clear cell mRCC 
who underwent CN and radical metastasectomy of ≤3 metastatic sites were ran-
domized to receive either sorafenib for a maximum of 52 weeks or observation with 
a primary endpoint of recurrence-free survival. Most patients had one metastatic 
site (≥80% in both arms). The trial was prematurely terminated due to the long 
accrual time and the availability of newer treatments during the time of the study. 
The median follow-up of the study was 38 months. Patients treated with sorafenib 
showed a nonsignificant shorter median recurrence-free survival (21 vs. 37 months, 
p  =  0.4). Three-year recurrence-free survival rates were 50% for patients in the 
observation arm compared to 41% for patients receiving sorafenib. Grade  ≥  3 
adverse events were more common in the sorafenib arm (22% vs. 3%). While the 
study did not show a benefit in the use of sorafenib after complete metastasectomy, 
it did show encouraging recurrence-free survival rates in well-selected patients with 
mRCC undergoing metastasectomy [56]. A randomized, double blind, placebo- 
controlled, phase 3 trial conducted by the ECOG-ACRIN cancer research group 
(E2810, NCT01575548) compared the use of pazopanib for 52 weeks and placebo 
for mRCC patients who were without evidence of disease after metastasectomy. 
The study was recently presented in an abstract form after enrolling 129 patients. 
The median follow-up was 30 months. The use of pazopanib after metastasectomy 
was associated with a nonsignificant improvement in disease-free survival 
(HR = 0.85, 95% CI 0.55, 1.31, p = 0.47) and a worse overall survival (HR = 2.65, 
95% CI 1.02, 6.9, p = 0.05). Like the RESORT trial evaluating the use of sorafenib, 
this study did not show a benefit in using newer targeted agents after complete 
metastasectomy [57].
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 The Role of Metastasectomy According to Current Guidelines

The EAU mention in their guidelines that except for brain and bone metastases 
which may be treated with stereotactic radiotherapy, metastasectomy remains by 
default the only local treatment for most metastatic sites. They further recommend 
performing metastasectomy to control local symptoms for patients with favorable 
disease factors in whom complete resection may be obtained [29]. According to the 
NCCN guidelines, patients who present with a potentially resectable primary tumor 
and oligometastatic disease may undergo CN and metastasectomy. In addition, 
patients who develop oligometastatic disease after a prolonged disease-free state 
following nephrectomy may also undergo metastasectomy [30].

 Conclusions

The role of surgery for the treatment of patients with mRCC is evolving with the ongo-
ing advancements in systemic therapies. Level 1 evidence supported the use of CN in 
the cytokine era; however, a similar benefit was not observed in the era of targeted ther-
apy, highlighting the importance of proper patient selection. Ongoing trials will shed 
more light on the role of CN with the recent advancement of ICI to first-line therapy.

Well-selected patients undergoing metastasectomy consistently show longer OS 
when complete metastasectomy is performed; however, current data stems from 
retrospective studies prone to selection bias. Additionally, data does not support the 
use of adjuvant systemic therapy after complete metastasectomy. Future studies 
may shed further light on the importance of metastasectomy in mRCC.

Funding Information 
The Sidney Kimmel Center for Prostate and Urologic Cancers
NIH/NCI Cancer Center Support Grant P30 CA008748

References

 1. Siegel RL, Miller KD, Fuchs HE, Jemal A.  Cancer statistics, 2021. CA Cancer J Clin. 
2021;71(1):7–33.

 2. Dabestani S, Beisland C, Stewart GD, Bensalah K, Gudmundsson E, Lam TB, et al. Long-term 
outcomes of follow-up for initially localised clear cell renal cell carcinoma: RECUR database 
analysis. Eur Urol Focus. 2019;5(5):857–66.

 3. Bianchi M, Sun M, Jeldres C, Shariat SF, Trinh QD, Briganti A, et al. Distribution of metastatic 
sites in renal cell carcinoma: a population-based analysis. Ann Oncol. 2012;23(4):973–80.

 4. Choueiri TK, Motzer RJ. Systemic therapy for metastatic renal-cell carcinoma. N Engl J Med. 
2017;376(4):354–66.

 5. Flanigan RC, Salmon SE, Blumenstein BA, Bearman SI, Roy V, McGrath PC, et  al. 
Nephrectomy followed by interferon alfa-2b compared with interferon alfa-2b alone for meta-
static renal-cell cancer. N Engl J Med. 2001;345(23):1655–9.

12 Surgical Treatment for Metastatic Kidney Cancer



260

 6. Mickisch GH, Garin A, van Poppel H, de Prijck L, Sylvester R, European Organisation 
for R, et  al. Radical nephrectomy plus interferon-alfa-based immunotherapy compared 
with interferon alfa alone in metastatic renal-cell carcinoma: a randomised trial. Lancet. 
2001;358(9286):966–70.

 7. Flanigan RC, Mickisch G, Sylvester R, Tangen C, Van Poppel H, Crawford ED. Cytoreductive 
nephrectomy in patients with metastatic renal cancer: a combined analysis. J Urol. 
2004;171(3):1071–6.

 8. Conti SL, Thomas IC, Hagedorn JC, Chung BI, Chertow GM, Wagner TH, et al. Utilization 
of cytoreductive nephrectomy and patient survival in the targeted therapy era. Int J Cancer. 
2014;134(9):2245–52.

 9. Garcia-Perdomo HA, Zapata-Copete JA, Castillo-Cobaleda DF.  Role of cytoreductive 
nephrectomy in the targeted therapy era: a systematic review and meta-analysis. Invest Clin 
Urol. 2018;59(1):2–9.

 10. Bhindi B, Abel EJ, Albiges L, Bensalah K, Boorjian SA, Daneshmand S, et al. Systematic 
review of the role of cytoreductive nephrectomy in the targeted therapy era and beyond: an 
individualized approach to metastatic renal cell carcinoma. Eur Urol. 2019;75(1):111–28.

 11. Hanna N, Sun M, Meyer CP, Nguyen PL, Pal SK, Chang SL, et  al. Survival analyses of 
patients with metastatic renal cancer treated with targeted therapy with or without cytoreduc-
tive nephrectomy: a National Cancer Data Base Study. J Clin Oncol. 2016;34(27):3267–75.

 12. Janisch F, Hillemacher T, Fuehner C, D'Andrea D, Meyer CP, Klotzbucher T, et  al. The 
impact of cytoreductive nephrectomy on survival outcomes in patients treated with tyro-
sine kinase inhibitors for metastatic renal cell carcinoma in a real-world cohort. Urol Oncol. 
2020;38(9):739 e9–e15.

 13. Mejean A, Ravaud A, Thezenas S, Colas S, Beauval JB, Bensalah K, et al. Sunitinib alone or 
after nephrectomy in metastatic renal-cell carcinoma. N Engl J Med. 2018;379(5):417–27.

 14. Motzer RJ, Russo P. Cytoreductive nephrectomy – patient selection is key. N Engl J Med. 
2018;379(5):481–2.

 15. Rini BI, Dorff TB, Elson P, Rodriguez CS, Shepard D, Wood L, et al. Active surveillance in met-
astatic renal-cell carcinoma: a prospective, phase 2 trial. Lancet Oncol. 2016;17(9):1317–24.

 16. Culp SH, Tannir NM, Abel EJ, Margulis V, Tamboli P, Matin SF, et al. Can we better select 
patients with metastatic renal cell carcinoma for cytoreductive nephrectomy? Cancer. 
2010;116(14):3378–88.

 17. Margulis V, Shariat SF, Rapoport Y, Rink M, Sjoberg DD, Tannir NM, et al. Development of 
accurate models for individualized prediction of survival after cytoreductive nephrectomy for 
metastatic renal cell carcinoma. Eur Urol. 2013;63(5):947–52.

 18. Manley BJ, Tennenbaum DM, Vertosick EA, Hsieh JJ, Sjoberg DD, Assel M, et al. The dif-
ficulty in selecting patients for cytoreductive nephrectomy: an evaluation of previously 
described predictive models. Urol Oncol. 2017;35(1):35 e1–5.

 19. McIntosh AG, Umbreit EC, Holland LC, Gu C, Tannir NM, Matin SF, et al. Optimizing patient 
selection for cytoreductive nephrectomy based on outcomes in the contemporary era of sys-
temic therapy. Cancer. 2020;126(17):3950–60.

 20. DiNatale RG, Xie W, Becerra MF, Silagy AW, Attalla K, Sanchez A, et al. The association 
between small primary tumor size and prognosis in metastatic renal cell carcinoma: insights 
from two independent cohorts of patients who underwent cytoreductive nephrectomy. Eur 
Urol Oncol. 2020;3(1):47–56.

 21. Mano R, Gopal N, Hakimi AA. The evolving role of cytoreductive nephrectomy: incorporat-
ing genomics of metastatic renal cell carcinoma into treatment decisions. Curr Opin Urol. 
2019;29(5):531–9.

 22. Tennenbaum DM, Manley BJ, Zabor E, Becerra MF, Carlo MI, Casuscelli J, et al. Genomic alter-
ations as predictors of survival among patients within a combined cohort with clear cell renal 
cell carcinoma undergoing cytoreductive nephrectomy. Urol Oncol. 2017;35(8):532 e7–e13.

R. Mano and A. Ari Hakimi



261

 23. Silagy AW, Flynn J, Mano R, Blum KA, Marcon J, DiNatale RG, et  al. Clinicopathologic 
features associated with survival after cytoreductive nephrectomy for nonclear cell renal cell 
carcinoma. Urol Oncol. 2019;37(11):811 e9–e16.

 24. Silagy AW, Mano R, Blum KA, DiNatale RG, Marcon J, Tickoo SK, et al. The role of cytore-
ductive nephrectomy for sarcomatoid renal cell carcinoma: a 29-year institutional experience. 
Urology. 2020;136:169–75.

 25. Silagy AW, Attalla K, Dinatale RG, Weiss KL, Weng S, Mano R, et al. A qualitative framework 
of non-selection factors for cytoreductive nephrectomy. World J Urol. 2021;39:3359.

 26. Gershman B, Moreira DM, Boorjian SA, Lohse CM, Cheville JC, Costello BA, et  al. 
Comprehensive characterization of the perioperative morbidity of cytoreductive nephrectomy. 
Eur Urol. 2016;69(1):84–91.

 27. Bhindi B, Habermann EB, Mason RJ, Costello BA, Pagliaro LC, Thompson RH, et  al. 
Comparative survival following initial cytoreductive nephrectomy versus initial targeted ther-
apy for metastatic renal cell carcinoma. J Urol. 2018;200(3):528–34.

 28. Bex A, Mulders P, Jewett M, Wagstaff J, van Thienen JV, Blank CU, et al. Comparison of 
immediate vs deferred cytoreductive nephrectomy in patients with synchronous metastatic 
renal cell carcinoma receiving sunitinib: the SURTIME randomized clinical trial. JAMA 
Oncol. 2019;5(2):164–70.

 29. Ljungberg BLA, Bedke J, Bex A, Capitanio U, Giles RH, Hora M, Klatte T, Lam T, Marconi 
L, Powles T, Volpe A, Abu-Ghanem Y, Dabestani S, Fernández-Pello MS, Hofmann F, Kuusk 
T, Tahbaz R. EAU Guidelines on Renal Cell Carcinoma 2021 [June 10,2021]. Available from: 
https://uroweb.org/guideline/renal- cell- carcinoma/.

 30. Network NCC. Kidney Cancer (Version 4.2021) 2021 [June 10, 2021]. Available from: https://
www.nccn.org/professionals/physician_gls/pdf/kidney.pdf.

 31. Singla N, Elias R, Ghandour RA, Freifeld Y, Bowman IA, Rapoport L, et  al. Pathologic 
response and surgical outcomes in patients undergoing nephrectomy following receipt of 
immune checkpoint inhibitors for renal cell carcinoma. Urol Oncol. 2019;37(12):924–31.

 32. Reimers MA, Figenshau RS, Kim EH, Tucker J, Kasten N, Khan AS, et al. Elective cytoreduc-
tive nephrectomy after checkpoint inhibitor immunotherapy in patients with initially unresect-
able metastatic clear cell renal cell carcinoma. Clin Genitourin Cancer. 2020;18(5):361–6.

 33. Singla N, Hutchinson RC, Ghandour RA, Freifeld Y, Fang D, Sagalowsky AI, et al. Improved 
survival after cytoreductive nephrectomy for metastatic renal cell carcinoma in the con-
temporary immunotherapy era: an analysis of the National Cancer Database. Urol Oncol. 
2020;38(6):604 e9–e17.

 34. Zhang T, Hwang JK, George DJ, Pal SK.  The landscape of contemporary clinical tri-
als for untreated metastatic clear cell renal cell carcinoma. Cancer Treat Res Commun. 
2020;24:100183.

 35. Sun M, Meyer CP, Karam JA, de Velasco G, Chang SL, Pal SK, et al. Predictors, utilization 
patterns, and overall survival of patients undergoing metastasectomy for metastatic renal cell 
carcinoma in the era of targeted therapy. Eur J Surg Oncol. 2018;44(9):1439–45.

 36. Meyer CP, Groeben C, Marks P, Koch R, Huber J. Trends of metastasis-directed treatments in 
patients with renal cell carcinoma: a total population-based analysis in Germany in the era of 
targeted therapies. Oncol Res Treat. 2020;43(12):679–85.

 37. Zaid HB, Parker WP, Safdar NS, Gershman B, Erwin PJ, Murad MH, et al. Outcomes fol-
lowing complete surgical metastasectomy for patients with metastatic renal cell carcinoma: a 
systematic review and meta-analysis. J Urol. 2017;197(1):44–9.

 38. Hsieh PY, Hung SC, Li JR, Wang SS, Yang CK, Chen CS, et al. The effect of metastasectomy 
on overall survival in metastatic renal cell carcinoma: a systematic review and meta-analysis. 
Urol Oncol. 2021;39:422.

 39. You D, Lee C, Jeong IG, Song C, Lee JL, Hong B, et al. Impact of metastasectomy on progno-
sis in patients treated with targeted therapy for metastatic renal cell carcinoma. J Cancer Res 
Clin Oncol. 2016;142(11):2331–8.

12 Surgical Treatment for Metastatic Kidney Cancer

https://uroweb.org/guideline/renal-cell-carcinoma/
https://www.nccn.org/professionals/physician_gls/pdf/kidney.pdf
https://www.nccn.org/professionals/physician_gls/pdf/kidney.pdf


262

 40. Li JR, Ou YC, Yang CK, Wang SS, Chen CS, Ho HC, et al. The impact of local interven-
tion combined with targeted therapy on metastatic renal cell carcinoma. Anticancer Res. 
2018;38(9):5339–45.

 41. Tornberg SV, Visapaa H, Kilpelainen TP, Taari K, Jarvinen R, Erkkila K, et al. Surgery for metas-
tases of renal cell carcinoma: outcome of treatments and preliminary assessment of Leuven- 
Udine prognostic groups in the targeted therapy era. Scand J Urol. 2018;52(5–6):419–26.

 42. Fares AF, Araujo DV, Calsavara V, Saito AO, Formiga MN, Dettino AA, et al. Complete metas-
tasectomy in renal cell carcinoma: a propensity-score matched by the International Metastatic 
RCC Database Consortium prognostic model. Ecancermedicalscience. 2019;13:967.

 43. Lyon TD, Thompson RH, Shah PH, Lohse CM, Boorjian SA, Costello BA, et  al. 
Complete surgical metastasectomy of renal cell carcinoma in the post-cytokine era. J Urol. 
2020;203(2):275–82.

 44. Dragomir A, Nazha S, Wood LA, Rendon RA, Finelli A, Hansen A, et al. Outcomes of com-
plete metastasectomy in metastatic renal cell carcinoma patients: the Canadian Kidney Cancer 
information system experience. Urol Oncol. 2020;38(10):799 e1–e10.

 45. Ishihara H, Takagi T, Kondo T, Fukuda H, Tachibana H, Yoshida K, et al. Prognostic impact 
of metastasectomy in renal cell carcinoma in the postcytokine therapy era. Urol Oncol. 
2021;39(1):77 e17–25.

 46. Russo P. Kidney cancer and surgical metastasectomy: effective therapy or part of disease natu-
ral history? Eur Urol Oncol. 2019;2(2):150–1.

 47. Meyer CP, Sun M, Karam JA, Leow JJ, de Velasco G, Pal SK, et al. Complications after metasta-
sectomy for renal cell carcinoma-a population-based assessment. Eur Urol. 2017;72(2):171–4.

 48. Tosco L, Van Poppel H, Frea B, Gregoraci G, Joniau S. Survival and impact of clinical prognos-
tic factors in surgically treated metastatic renal cell carcinoma. Eur Urol. 2013;63(4):646–52.

 49. Naito S, Kinoshita H, Kondo T, Shinohara N, Kasahara T, Saito K, et al. Prognostic factors of 
patients with metastatic renal cell carcinoma with removed metastases: a multicenter study of 
556 patients. Urology. 2013;82(4):846–51.

 50. Takagi T, Fukuda H, Ishihara H, Yoshida K, Kondo T, Kobayashi H, et al. Predictive factors for 
recurrence after complete metastasectomy in patients with metastatic renal cell carcinoma in 
the targeted therapy era. Urol Oncol. 2020;38(5):515–20.

 51. Wu K, Liu Z, Shao Y, Li X. Nomogram predicting survival to assist decision-making of metas-
tasectomy in patients with metastatic renal cell carcinoma. Front Oncol. 2020;10:592243.

 52. Verbiest A, Couchy G, Job S, Caruana L, Lerut E, Oyen R, et al. Molecular subtypes of clear- 
cell renal cell carcinoma are prognostic for outcome after complete metastasectomy. Eur Urol. 
2018;74(4):474–80.

 53. Thomas AZ, Adibi M, Slack RS, Borregales LD, Merrill MM, Tamboli P, et al. The role of 
metastasectomy in patients with renal cell carcinoma with sarcomatoid dedifferentiation: a 
matched controlled analysis. J Urol. 2016;196(3):678–84.

 54. Appleman LJ, Maranchie JK. Systemic therapy following metastasectomy for renal cell carci-
noma: using insights from other clinical settings to address unanswered questions. Urol Oncol. 
2018;36(1):17–22.

 55. Kwak C, Park YH, Jeong CW, Lee SE, Ku JH. No role of adjuvant systemic therapy after 
complete metastasectomy in metastatic renal cell carcinoma? Urol Oncol. 2007;25(4):310–6.

 56. Procopio G, Apollonio G, Cognetti F, Miceli R, Milella M, Mosca A, et al. Sorafenib versus 
observation following radical metastasectomy for clear-cell renal cell carcinoma: results from 
the phase 2 randomized open-label RESORT study. Eur Urol Oncol. 2019;2(6):699–707.

 57. Appleman LJ, Puligandla M, Pal SK, Harris W, Agarwal N, Costello BA, et al. Randomized, 
double-blind phase III study of pazopanib versus placebo in patients with metastatic renal cell 
carcinoma who have no evidence of disease following metastasectomy: a trial of the ECOG- 
ACRIN cancer research group (E2810). Am Soc Clin Oncol. 2019;49:1287.

R. Mano and A. Ari Hakimi



263© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2022
K. L. Stratton, A. K. Morgans (eds.), Urologic Oncology, 
https://doi.org/10.1007/978-3-030-89891-5_13

Chapter 13
Targeted Therapy for Renal  
Cell Carcinoma
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 Introduction

The 2019 Nobel Prize winning discovery that the von Hippel–Lindau (VHL) tumor 
suppressor protein regulates hypoxia-inducible factor (HIF) and sensitizes VHL- 
mutated tumors to vascular endothelial growth factor (VEGF) inhibition revolution-
ized the management of advanced renal cell carcinoma (RCC) [1] [2]. Since the 
approval of sunitinib, a VEGF tyrosine kinase inhibitor (TKI), in 2006, VEGF tar-
geting agents have been the mainstay of therapy for advanced RCC [3]. For over a 
decade, single-agent VEGF TKIs remained the unchallenged first-line treatment for 
patients with newly diagnosed RCC. The 2018 Nobel Prize winning discovery of 
the beneficial impact of immune checkpoint blockade ignited a revolution in oncol-
ogy treatment [4]. In 2015, nivolumab, a programmed death receptor 1 (PD-1) 
inhibitor, demonstrated improved overall survival in patients previously treated with 
VEGF blockade and ushered checkpoint inhibitors into the treatment armamentar-
ium for advanced RCC [5]. Now, several regimens of immune checkpoint inhibitors 
combined with VEGF blockade have demonstrated efficacy for patients with 
advanced RCC.  In this chapter, we aim to summarize the existing literature and 
concepts on targeted therapy and the role of targeted therapy in the contempo-
rary era.

J. Javier-DesLoges · I. Derweesh 
Department of Urology, University of California San Diego, La Jolla, CA, USA 

R. R. McKay (*) 
Department of Medicine/Division of Hematology-Oncology,  
University of California San Diego, La Jolla, CA, USA 

Department of Medical Oncology, Moores UCSD Cancer Center, La Jolla, CA, USA
e-mail: RMcKay@health.ucsd.edu

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-89891-5_13&domain=pdf
https://doi.org/10.1007/978-3-030-89891-5_13#DOI
mailto:RMcKay@health.ucsd.edu


264

 Pathophysiology

An improved understanding of the pathophysiology of RCC has led to the expan-
sion of treatment options for patients with advanced disease, including a broad 
spectrum of targeted therapies [1]. The Von Hippel–Lindau (VHL) gene is a 
tumor suppressor gene that plays a critical role in the development of clear cell 
RCC. It is altered in upwards to 90% of clear cell RCC and is a dominant driver 
of disease pathogenesis [6]. The VHL gene, located on chromosome 3p, produces 
a ubiquitin- mediated degradation protein complex. Under normoxic conditions, 
the VHL protein complex degrades the HIF protein complex; however, in hypoxic 
or altered states, the degradation complex is inactive; therefore, HIF will translo-
cate to the cell nucleus where it acts as a transcription factor leading to down-
stream angiogenesis, proliferation, and cell growth. One of the primary ways that 
HIF induces angiogenesis is through activation of the VEGF tyrosine kinase 
receptor. The backbone of systemic therapy for RCC has been drugs that target 
VEGF [2, 3].

VEGF receptors represent a family of three main receptors: VEGF receptor 1, 2, 
and 3, the most important of which is VEGF receptor 2 [7]. Each receptor has a 
similar structure consisting of an extracellular immunoglobulin-like domain, a 
transmembrane domain, and the intracellular tyrosine kinase domain. The receptors 
bind VEGF ligands, which leads to VEGF receptor dimerization followed by phos-
phorylation of the tyrosine protein residues with ATP. This interaction ultimately 
leads to the activation of the tyrosine kinase domain with initiation of intracellular 
signaling. While not completely defined, two of the major intracellular signaling 
pathways are the PI3K-AKT-mTOR and phospholipase Cγ (PLCγ) pathways [8].

Once VEGF receptor is activated, it directly phosphorylates PLCγ, which has a 
phosphatidylinositol bisphosphate (PIP2) substrate. PIP2 is then transformed into 
inositol triphosphate (IP3) and diacylglycerol (DAG) subsequently leading to acti-
vation of signaling cascades that regulate cell proliferation and survival processes 
[9]. Additionally, VEGF receptors cross activate the Src kinase family. Src phos-
phorylates the phosphatidylinositol triphosphate (PIP3). PIP3 then activates the 
AKT complex, which then activates mTOR. mTOR is a critical serine/threonine 
protein kinase in RCC pathogenesis that is involved with transcription, cell prolif-
eration, and cell growth [10].

The VEGF TKIs including sunitinib, pazopanib, and axitinib competitively 
inhibit ATP binding to the intracellular domain of VEGF receptor and consequently 
inhibit signal transduction. mTOR is primarily inhibited by a class of drugs known 
as mTOR inhibitors, such as everolimus and temsirolimus, which are now less com-
monly used as single agents in the treatment of advanced RCC [11].

As described above, VEGF is primarily known for its involvement in cell growth 
and angiogenesis. However, recent studies on VEGF demonstrate that it also has an 
important role in immune system modulation [12]. It has been demonstrated that 
VEGF can block antigen-presenting cell maturation and function resulting in 
immune suppression [13]. Additionally, VEGFs can inhibit effector T cells, which 
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in turn decrease its proliferation and cytotoxic effects. They can further cause T cell 
exhaustion by increasing PD-L1 expression [14]. Additionally, VEGFs lead to an 
increase in suppressive immune cells such as regulatory T cells and myeloid-derived 
suppressor cells [15]. Lastly, VEGFs can increase the infiltration of tumor- associated 
macrophages at tumor sites [16]. The sum of these interactions ultimately leads to 
an immunosuppressive tumor microenvironment that can impede an antitumor 
response. These findings provide the rationale for a potential synergistic effect of 
combination VEGF blockade with checkpoint inhibition [17].

 Metastatic Renal Cell Carcinoma

 Frontline Therapy: Combination Therapy

In 2018, there was a significant change in the frontline treatment paradigm for 
patients with advanced and metastatic RCC with the reporting of data from the 
CheckMate 214 phase III trial [18]. CheckMate 214 was a multicenter, interna-
tional, open-label, randomized phase III trial testing the combination of nivolumab, 
a PD-1 inhibitor, plus ipilimumab, a checkpoint T-lymphocyte-associated protein-4 
inhibitor, compared to sunitinib, the long-standing gold standard frontline treatment 
in patients with RCC. The primary endpoint of the trial was overall survival (OS) 
and progression-free survival (PFS) by independent review in International 
Metastatic RCC Database (IMDC) intermediate- and poor-risk patients. The combi-
nation demonstrated improved objective response rate (ORR), PFS, and OS in the 
intermediate- and poor-risk patients and also in the intention to treat (ITT) popula-
tion [3] [18]. This led to the FDA approval of nivolumab/ipilimumab as first-line 
therapy for metastatic RCC.

Additionally, immune checkpoint blockade combined with a VEGF inhibition 
has been investigated in a series of phase III studies and demonstrated benefit in 
patients with advanced RCC. These include the IMmotion 151 trial of atezolizumab/
bevacizumab, Javelin Renal 101 of avelumab/axitinib, Keynote 426 of pembroli-
zumab/axitinib, CheckMate 9ER of nivolumab/cabozantinib, and more recently 
CLEAR Trial of pembrolizumab/lenvatinib. Of these studies, the combination of 
pembrolizumab/axitinib, nivolumab/cabozantinib, and pembrolizumab/lenvatinib 
have demonstrated improvements in OS.

The Keynote 426 trial was a phase III randomized control trial of 861 patients 
with treatment-naïve advanced RCC. The trial compared the combination of immu-
notherapy (IO) pembrolizumab and TKI axitinib to sunitinib in patients with 
advanced clear cell RCC. Axitinib is a TKI whose mechanism of action is the inhi-
bition of VEGF receptors 1–3, c-KIT, and platelet-derived growth factor (PDGF) 
receptor [19]. At the first study analysis conducted at a median follow-up of 
12.8 months, the combination of pembrolizumab/axitinib demonstrated superior OS 
compared to sunitinib, 89.9% compared to 78.3% in the sunitinib group at 12 months 
(hazard ratio (HR) 0.53; 95% confidence interval (CI), 0.38–0.74; P < 0.01). The 
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combination of pembrolizumab and axitinib also had superior PFS (HR, 0.69; 95% 
CI, 0.57–0.84; p < 0.01) and ORR (p < 0.01). Lastly, pembrolizumab/axitinib ben-
efited all three risk groups irrespective of PD-L1 expression [19]. In an updated 
analysis at 23-month minimum follow-up, the benefit of pembrolizumab/axitinib 
across all three efficacy parameters persisted. The HR for OS in the favorable risk 
group was 1.06 (95% CI, 0.60–1.86). For intermediate and poor, the HR for OS was 
0.63 (95% CI, 0.50–0.81) and for PFS, it was 0.69 (95% CI, 0.56–0.84). The degree 
of benefit was most pronounced for intermediate- and poor-risk patients and less 
profound for patients with favorable risk disease [20].

Javelin Renal 101 was another study testing IO/TKI therapy in frontline advanced 
RCC. This was a phase III trial of 886 patients comparing an IO, avelumab, and 
TKI, axitinib, to sunitinib in patients with treatment-naïve advanced clear cell RCC 
in all risk groups. The co-primary endpoints of the study were PFS and OS in 
PD-L1-positive patients. After a minimum follow-up of 13 months, the combination 
demonstrated superior PFS, median 13.8  months vs. 7.0  months for avelumab/
axitinib compared to sunitinib patients with PD-L1-positive tumors (HR 0.62; 95% 
CI, 0.49–0.77 P < 0.01), median 13.8 months vs. 7.0 months, and also in the overall 
population (HR, 0.69; 95% CI, 0.57–0.82; P  <  0.01), median 13.3  months vs. 
8.0 months. Furthermore, the ORR was superior compared to sunitinib (52.5% ver-
sus 27.3%, respectively) [21]. OS data are still immature at the time of last analysis. 
Based on the results of this study, the combination was approved by the FDA for 
treatment in patients with advanced RCC.

Recently, the results from the CheckMate 9ER trial were presented at 2020 
European Society for Medical Oncology Virtual Congress. In this trial, 651 patients 
with treatment-naïve advanced clear cell RCC were randomized to either the com-
bination of cabozantinib (40 mg daily)/nivolumab or sunitinib. Cabozantinib has 
dual activity as both cMET and VEGF tyrosine kinase receptor inhibitor. At a 
median follow-up of 18.1  months, the combination of cabozantinib/nivolumab 
showed significantly improved PFS compared to sunitinib, 16.6  months versus 
8.3 months (HR 0.51, 95% CI 0.41–0.64, p < 0.01). There was also a 40% decreased 
risk of death (medians not reached HR 0.60 95% CI 0.40–0.89, p  <  0.01). 
Additionally, ORR was higher in patients who received nivolumab/cabozantinib, 
55.7%, in contrast to individuals receiving sunitinib, 27.1%, (p < 0.01). Finally the, 
complete response rates were doubled among those receiving nivolumab/cabozan-
tinib (8.0% vs. 4.6%) [22].

In another phase III trial, IMmotion 151 evaluated atezolizumab/bevacizumab 
against sunitinib in patients with metastatic RCC. Bevacizumab is a monoclonal 
antibody to VEGF which has shown improved PFS compared to interferon-alfa 
[23]; atezolizumab is a PD-L1 monoclonal antibody. The trial enrolled 915 patients, 
who were randomly assigned to atezolizumab/bevacizumab versus sunitinib. 
Median follow-up was 15 months for PFS analysis and 24 months at the OS interim 
analysis. Investigator-assessed PFS was prolonged in patients with PD-L1-positive 
tumors (11.2 months versus 7.7 months, HR 0.74 [95% CI 0·57–0·96]; p = 0.02). 
However, in the ITT population, PFS was not significant (HR 0.93 95% CI 
0.76–1.14). Additionally, there was no difference in PFS as assessed by independent 
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radiology review in the PD-L1-positive (HR 0.88 95% CI 0.74–1.04) and ITT popu-
lation (HR 0.93 95% CI 0.72–1.21). Furthermore, there was no difference in OS 
with the combination in PD-L1-positive patients or the ITT. Given these results, this 
regimen is not currently approved for use in the frontline setting in RCC.

More recently, data presented in a press release of the CLEAR trial demonstrated 
that the combination of lenvatinib and pembrolizumab demonstrated statistically 
significant improvements in PFS, OS, and ORR versus sunitinib as first-line treat-
ment for patients with advanced RCC. Lenvatinib is a tyrosine kinase inhibitor that 
blocks VEGF 1–3 receptors and also inhibitors fibroblast growth factor receptors 
1–4, PDGFR-alpha, KIT, and RET. We eagerly await complete data regarding the 
trial’s efficacy and safety outcomes at an upcoming future meeting [24].

Taken together, the role for TKI/IO combination therapy continues to grow; how-
ever, data to guide choice of regimen in the frontline are lacking, and the optimal 
sequencing of therapies in the modern era has yet to be defined. While direct com-
parison across the frontline studies is limited given differing patient populations and 
study design of the contemporary combinatorial studies, currently clinical parame-
ters are the key determinants that help guide therapy selection in the frontline given 
lack of biomarkers to optimize therapy selection. There were differences across 
these trials in CR rates, PD rates, durability of response, PFS, and quality of life 
which are used to guide therapy selection in the clinical real world (Table 13.1).

 Frontline Therapy: Single-Agent Therapy

One of the most widely used targeted therapy drugs in metastatic RCC is sunitinib, 
a tyrosine kinase inhibitor (TKI) that inhibits the VEGF receptor. The landmark trial 
that led to sunitinib being approved as frontline therapy for metastatic RCC was 
SU11248. This trial enrolled 750 patients with metastatic RCC, and patients were 
randomized to receive sunitinib versus interferon alfa. Sunitinib showed superior 
ORR 47% versus 12%, p < 0.0001 and prolonged PFS, median 11 months versus 
5 months HR 0.42 95% CI 0.32–0.54, p < 0.001. There was also improved OS, 
26.4 months vs. 21.8 months (HR 0.821 95% CI 0.67–1.00 p = 0.051) [25].

The second major landmark trial was the COMPARZ trial. In this trial, 1110 
patients with clear cell metastatic RCC were randomized to receive pazopanib or 
sunitinib. This trial demonstrated that PFS with pazopanib was non-inferior com-
pared to sunitinib (HR 1.05 95% CI, 0.90–1.22). Overall, single-agent TKI is being 
used less frequently in the frontline treatment of advanced RCC given the introduc-
tion of IO combinatorial therapy [26].

Despite the evolving data, frontline TKI alone may have a role in the frontline 
space for a subset of patients with advanced RCC [13]. Despite limitations of sub-
group analyses, in patients with IMDC favorable risk disease, CheckMate 214, 
Keynote 426, and Checkmate 9ER demonstrated no statistical improvement in OS 
in patients with favorable risk groups [18] [20] [22]. Interestingly, with longer fol-
low- up from CheckMate 214, we see the HR for OS improve in the favorable risk 
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patients from 1.45 (95% CI 0.51–4.12) at a minimum follow-up of 17.5 months, 
1.22 (0.73–2.04) at a minimum follow-up of 30 months, 1.19 (95% CI 0.77–1.85) at 
a minimum follow-up of 42 months, and more recently 0.93 (95% CI 0.62–1.40) at 
a minimum follow-up of 48 months; for Keynote 426 for the favorable risk group, 
HR 1.06 (95% CI 0.60–1.86) at a median follow-up of 30.6 months; and lastly for 
Checkmate 9ER for the favorable risk group, HR 0.84 (95% CI 0.35–1.97) [22].

It is hypothesized that differences in underlying disease biology are likely driv-
ing this differential response to IO therapy in favorable risk patients. Biological 
subgroup analyses from the phase II IMmotion 150 study of atezolizumab/bevaci-
zumab demonstrated that the angiogenesis gene expression, which is associated 
with response to VEGF inhibition, is higher in patients with favorable risk disease 
compared to intermediate- and poor-risk patients [27]. Furthermore, a recent review 
demonstrated that angiogenesis, T-effector/IFN-γ response, and myeloid inflamma-
tory gene expression signatures were highly correlated with PFS in patients who 
receive a TKI [28]. Thus, for a subset of patients with favorable risk disease, single- 
agent TKI is a potential treatment option that can be utilized.

The CABOSUN trial was a phase II trial that compared cabozantinib versus suni-
tinib for patients with IMDC intermediate- or poor-risk treatment-naïve RCC [29]. 
The trial, which included a total of 157 patients, demonstrated that median PFS was 
higher for cabozantinib 8.6 months (95% CI 6.8–14.0) versus 5.3 months (95% CI 
3.0–8.2) (HR 0.48 [95% CI 0.31–0.74]; p < 0.01). The ORR was 20% (95% CI 
12.0–30.8) versus 9% (95% CI 3.7–17.6), respectively [29]. There was a similar rate 
of grade 3/4 adverse events, 67% and 68%, respectively. Furthermore, the benefit of 
cabozantinib was independent of underlying MET status, as determined by immu-
nohistochemistry. The findings of this trial led to the expanded use of cabozantinib 
to the frontline setting [30]. Cabozantinib remains an option for certain subsets of 
patients and particularly those who have contraindications to IO, which include 
patients with active autoimmune disease or rheumatologic conditions [31].

 Second-Line Agents: Post-IO Therapy

As the treatment options in the frontline space are rapidly evolving and largely 
include IO combination therapy, options for post-IO treatment are still evolving. A 
series of clinical trials and retrospective studies have provided insights in the man-
agement strategies post-IO therapy. These studies support the role of some TKI 
agents in this setting.

The activity of axitinib post IO was evaluated in a phase II trial of 40 patients 
with clear cell RCC. All patients received axitinib on an individualized dosing algo-
rithm. At a median follow-up of 8.7 months, the median PFS was 8.8 months (95% 
CI 5.7–16.6). The most common grade 3 side effects were hypertension (n = 24, 
60%), and there was one grade 4 event (elevated lipase). This study provides ratio-
nale for use of axitinib, which is a currently approved agent for RCC, in the post-IO 
setting [32].
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The Tivo-3 trial was a randomized trial for patients who had previously been 
treated with at least two prior lines of therapies, one of which was a VEGF inhibitor. 
The study accrued 350 patients who were then randomized to receive tivozanib or 
sorafenib. The median follow-up was 19.0 months. The study found that median 
PFS was significantly longer in the tivozanib group 5.6 months vs. 3.9 months (HR 
0.73, 95% CI 0.56–0.94; p = 0.016. In this trial, 27% of patients in the tivozanib 
group and 25% of patients in the sorafenib group had received a prior checkpoint 
inhibitor. The median PFS was 7.3  months vs. 5.1  months (HR  =  0.55, 95% 
CI = 0.32–0.94). Median OS was 16.4 months vs. 19.7 months (HR = 0.99, p = 0.95). 
The study also found that the rates of grade 3 and 4 adverse events were 20% for 
tivozanib group and 14% for the sorafenib group. Tivozanib is not currently FDA 
approved for use in patients [33].

The combination of lenvatinib and pembrolizumab has also demonstrated effi-
cacy in the post-IO setting. Based on the results of a phase II trial which enrolled 
104 patients, the median PFS was 11.7 months with 12-month PFS and OS at 45% 
and 77%, respectively. The ORR was 52% by Response Evaluation Criteria in Solid 
Tumors (RECIST) version 1.1 criteria and 55% by immune RECIST criteria.

The METEOR trial was a phase III trial of 658 patients who were randomized to 
receive cabozantinib or everolimus after having progressed on a prior TKI.  In a 
subgroup of the METEOR trial, the authors identified 32 patients who received 
prior IO therapy followed by cabozantinib and determined that the ORR was 22% 
and PFS was 4.1 months among those patients.

Lastly, complementing these studies are a series of retrospective studies evaluat-
ing VEGF-targeted therapy in patients who have progressed on IO therapy. In 
aggregate, these studies demonstrated activity of VEGF TKIs post IO with ORR 
ranging from 13% to 41% and the mean PFS was 8.11 months (range 6.4–13.2 months) 
[34–38] (Table 13.2).

 Second-Line Agents: Post-TKI Therapy.

The role of targeted therapy in the second-line setting post TKI has been extensively 
studied. As mentioned previously, the METEOR trial was a phase III trial where 
patients were randomized to receive cabozantinib or everolimus after having pro-
gressed on a prior TKI. Treatment with cabozantinib resulted in improved OS, PFS, 
and ORR compared to sunitinib. The median OS was 21.4 months with cabozan-
tinib and 16.5  months with everolimus (HR 0.66 95%CI 0.53–0.83; p  <  0.01). 
Cabozantinib had improved PFS (HR 0.51 95% CI 0.41–0.62, p < 0.01), and ORR 
was 17% with cabozantinib versus 3% with everolimus (p < 0.01). There was little 
difference between grade 3 and 4 events, 39% with cabozantinib and 40% with 
everolimus [39].

In another phase II trial, of 153 patients who had previously progressed on one 
prior VEGF targeted therapy, patients were randomized to receive lenvatinib/evero-
limus, lenvatinib alone, or everolimus alone. The lenvatinib/everolimus 
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combination prolonged PFS compared to everolimus (median 14.6 months versus 
5.5 months; HR 0.40 95% CI 0.24–0.68, p = 0.0005), but not compared to lenvatinib 
alone (7.4 months versus 10.2 months; 95% CI 0.39–1.10, p = 0.12). Grade 3 or 4 
events occurred in 25 patients (50%) receiving single-agent everolimus, 41 (79%) 
receiving single-agent lenvatinib, and 36 (71%) of patients receiving both. This ulti-
mately led to the FDA approval of the combination of lenvatinib/everolimus in the 
second- line setting [40].

 Future Trials

There are several ongoing studies that will further influence treatment paradigms 
for patients with advanced RCC. In the frontline space, several ongoing trials will 
provide further instruction regarding optimal therapy for patients with treatment-
naïve advanced or clear cell RCC. The COSMIC-313 trial is a randomized double-
blinded phase III trial that will compare nivolumab/ipilimumab/cabozantinib to 
nivolumab/ipilimumab/placebo in intermediate−/poor-risk patients by IMDC crite-
ria. The primary endpoint is PFS and the secondary endpoint is OS [41]. This trial 
is investigating triple therapy with nivolumab/ipilimumab/cabozantinib and uses a 
modern control arm of nivolumab/ipilimumab. The trial recently met its primary 
endpoint and demonstrated a statistically significant improvement in PFS, OS, and 
ORR versus sunitinib in the ITT group. Further results are pending [42]. The 
A031704 PDIGREE is a phase III randomized trial, which will evaluate sequencing 
for treatment. In this study, all patients will receive treatment with nivolumab/ipili-
mumab, and individuals with stable disease or a partial response will be 

Table 13.2 Landmark second-line metastatic renal cell carcinoma clinical trials

Study Study Agents N ORR
PFS 
(months)

Retrospective Albiges (EJC, 2015)[34] Axitinib/everolimus 56 13% 6.6
Retrospective Nadal (Annal Oncol, 2016)

[35]
VEGF TKI 70 28% 6.4

Retrospective Derosa (ESMO, 2017)[60] Cabozantinib/axitinib 56 33% 8.0
Retrospective McGregor (EJC, 2020) [36] Cabozantinib 86 36% 6.5
Retrospective Auvray (EJC, 2020)[37] Nivolumab/ipilimumab 33 36% 8.0
Retrospective Shah (EJC, 2019) [38] TKI 70 41% 13.2
Prospective Powles (BJC, 2018) [61] Cabozantinib/

everolimus
32 22% 4.1

Prospective Ornstein (Lancet Oncol, 
2019)[32]

Axitinib 38 45% 8.8

Prospective Tivo-3 [33] Tivozanib 350 18% 5.6
Prospective LenPem [42] Lenvatinib/

pembrolizumab
104 52% 11.7
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randomized to either continue nivolumab maintenance or the combination of 
nivolumab/cabozantinib [19].

For subsequent therapy, the MK-6482-005 trial is evaluating an oral HIF-2a 
inhibitor in a phase III trial in patients who previously received prior checkpoint 
inhibition [43]. This trial follows the success of the single-arm phase II study of 
MK-6482 which demonstrated an ORR was 24% and PFS was 11 months in patients 
with heavily pretreated advanced RCC [44]. Lastly, Contact-03 is a phase III trial 
that will test cabozantinib/atezolizumab compared to cabozantinib in patients with 
advanced RCC who progressed during or following IO therapy [45]. This trial will 
enroll patients with clear cell, papillary, and unclassified RCC (Tables 13.3, 13.4, 
and 13.5).

 Localized Renal Cell Carcinoma

 Adjuvant Therapy

The role of adjuvant systemic therapy has yet to be completely defined in the setting 
of localized disease. Adjuvant therapy is intended to treat patients who may harbor 
micrometastatic disease and are at increased risk of disease recurrence. Several 
large phase III trials have resulted, and overall no targeted agent has demonstrated 
improvement in OS in the adjuvant setting.

The first adjuvant trial to be reported was the landmark ASSURE trial (ECOG –
ACRIN E2805), a multicenter double-blind randomized control trial comparing 
sunitinib versus sorafenib versus placebo for 54  weeks. The patient population 

Table 13.3 Future trials for metastatic renal cell carcinoma

Trial COSMIC 313 CLEAR
AO31704 
PDIGREE MK-6482 Contact 03

Status Recruiting Active, not 
recruiting

Recruiting Recruiting Recruiting

Study 
population

N = 676 N = 959 N = 1046 N = 150 N = 500

Agents Nivolumab + 
ipilimumab + 
cabozantinib vs. 
nivolumab + 
ipilimumab

Lenvatinib + 
everolimus 
vs. lenvatinib 
vs. pembro 
vs. sunitinib

Nivolumab + 
ipilimumab 
followed by 
nivolumab, 
nivolumab + 
cabozantinib, or 
cabozantinib

Belzutifan 
vs. 
everolimus

Atezolizumab + 
cabozantinib 
vs. 
cabozantinib

IMDC risk 
group

Intermediate or 
poor risk

All risk 
groups

Intermediate or 
poor risk

All risk 
groups

All risk groups

Primary 
endpoint

PFS PFS OS ORR PFS, OS
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consisted of 1943 patients with pT1b grade 3/grade 4, N0, M0 disease to those with 
resected node positive disease. Both non-clear cell and clear cell patients were eli-
gible. The primary outcome was disease-free survival (DFS). The study demon-
strated no difference in DFS between the groups: median DFS was 5.8 years for 
sunitinib (HR 1.02, 97.5% CI 0.85–1.23, p = 0.80), 6.1 years for sorafenib (HR 
0.97, 97.5% CI 0.80–1.17, p = 0.70), and 6.6 years for placebo. Additionally, there 
was no significant improvement OS: 5-year OS was 77.9% (HR 1.17 97.5% CI 
0.90–1.52) for sunitinib versus 80.5% (HR 0.98 97.5% CI 0.75–1.28, p = 0.90) for 
sorafenib, versus 80.3% for placebo. There was a high rate of grade 3 and 4 adverse 
events for both sunitinib (63%) and sorafenib (72%), for which a protocol amend-
ment was implemented decreasing the starting dose of sunitinib and sorafenib. Even 
with the reduced dose, the proportion of grade 3 events exceeded 55% in both the 
sunitinib and sorafenib arms [46].

One of the major criticisms of ASSURE was the liberal inclusion criteria, enroll-
ment of stage 1 patients with a lower risk of disease recurrence, and enrollment of 
patients with non-clear cell disease. A secondary post hoc analysis was conducted 
of 1069 patients with clear cell RCC who were pT3 or greater or had resected node 
positive disease. This subset analysis did not demonstrate a difference in 5-year 
DFS or 5-year OS in this higher-risk group of patients: 5-year DFS was 47.7% for 
sunitinib (HR 0.94, 97.5% CI 0.74–1.19, p = 0.5), 49.9% for sorafenib (HR 0.90, 
97.5% CI 0.71–1.14, p = 0.3), and 50.0% for the placebo arm and 5-year OS 75.2% 
(HR 1.06, 97.5% CI 0.78–1.45, p = 0.70) versus 80.2% (sorafenib HR 0.80, 97.5% 
CI 0.58–1.11, p = 0.10) versus 76.5% for the placebo [47].

In the S-TRAC trial, 615 patients were randomized to either sunitinib or placebo 
for 1 year or until disease recurrence, toxicity, or withdrawal. Patients with pT3 
disease or higher and any resected node-positive disease were eligible. The study 
demonstrated an improvement in DFS with sunitinib (median DFS of 6.8 years for 
sunitinib versus 5.6 years for placebo p = 0.03) [48]. In an updated analysis at a 
median follow-up of 6.6 years in the sunitinib arm and 6.7 years in the placebo arm, 
there was no difference in OS between the arms (HR 0.92, 95% CI 0.66–1.28; 
p = 0.6) [49]. There were also more grade 3 or 4 adverse events in the sunitinib arm 
(48.4% for grade 3 events and 12.1% for grade 4 events) compared to the placebo 
group (15.8% grade 3 and 3.6% grade 4 events). Based on this data, the FDA 

Table 13.5 Future neoadjuvant/adjuvant therapy trials of targeted therapy for non-metastatic renal 
cell carcinoma

Trial Everest Padres

Status Active, not 
recruiting

Recruiting

Type Adjuvant Neoadjuvant
Study 
population

N = 1545 N = 50

Agents Everolimus vs. 
placebo

Axitinib

Primary 
endpoint

RFS Percent reduction, ORR, effect on RENAL score, 
feasibility of partial nephrectomy
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expanded approval of sunitinib for patients with high-risk clear cell RCC. However, 
given no OS benefit, utility in clinical practice has been limited.

Other VEGF TKIs including pazopanib, axitinib, and sorafenib have failed to 
demonstrate improvements in DFS and OS for patients with localized RCC. These 
agents currently do not have role in the adjuvant setting. The PROTECT trial was a 
multicenter double-blind trial comparing pazopanib to placebo for 1-year post 
nephrectomy. In this study of 1538 patients, the inclusion population included pT2 
Fuhrman grade 3/4, pT3 any grade, or resected node-positive disease. The primary 
endpoint was 3-year DFS. Given toxicity observed with the 800 mg starting dose of 
pazopanib, the protocol was amended to decrease the starting dose of pazopanib to 
600 mg daily. The study failed to meet its primary endpoint of 3-year DFS in the 
pazopanib 600 mg starting dose cohort: 3-year DFS 66% in the intention-to-treat 
arm and 56% in the placebo arm (HR 0.94, 95% CI 0.77–1.14, p = 0.50). Additionally, 
there was no difference in OS with either pazopanib starting dose, and this treatment 
is not indicated for adjuvant therapy use.

The ATLAS trial was a randomized control trial of 724 patients with pT2 or 
greater disease or resected node-positive clear cell RCC. Patients were randomized 
to receive either axitinib or placebo for up to 3 years with a minimum of 1 year 
unless there was recurrence. The trial was stopped early due to an interim analysis 
identifying no statistically significance difference in DFS between the two arms 
(HR 0.87, 95 CI% 0.66–1.15, p = 0.30). In the secondary analysis focusing on high- 
risk patients defined as pT3 grade 3/4, pT4, or any resected nodal disease, there was 
a difference in investigator-assessed DFS (HR 0.64, 95% CI 0.468–0.879, p = 0.005) 
but not independent reviewer DFS (HR 0.735 95% CI 0.525–1.208, p  =  0.07). 
Furthermore, the adverse event rates for grade 3–4 were higher in the axitinib arm 
versus placebo (49% versus 12%).

In the SORCE adjuvant trial, 1711 patients with intermediate and high RCC 
(Leibovich score 3–11) were randomized to receive sorafenib for 1 year, sorafenib 
for 3 years, or placebo. The primary endpoints were DFS and OS. The study dem-
onstrated no difference in 5-year (67% versus 65%) and 10-year DFS (54% versus 
53%) between sorafenib- and placebo-treated patients (HR 1.01, 95% CI 0.82–1.23, 
p = 0.946). Furthermore, there was no difference in OS between the arms: 3-year 
sorafenib versus placebo, HR 1.06, 95% CI 0.82–1.38, p = 0.63, and 1-year sorafenib 
versus placebo HR 0.92, 95% CI 0.71–1.20, p = 0.54.

Lastly the E2810 randomized double-blind phase III trial tested the efficacy of 
pazopanib versus placebo for 52  weeks in patients with M1 disease status post 
metastasectomy without measurable disease on imaging. The study was unblinded 
after 83 DFS events occurred, and median follow-up was 30  months (range 
0.4–66.5 months). The study did not reach its primary endpoint of improving DFS 
(HR 0.85, 95% CI 0.55–131, p = 0.47). Overall survival was measured at the time 
of unblinding, and the HR was 2.65 (95% CI 1.02–6.9, p = 0.05) in favor of the 
placebo. Pazopanib unfortunately did not improve DFS in patients who had metas-
tasectomy, and these results are further consistent with the adjuvant studies demon-
strating the limited role of VEGF TKI in the adjuvant setting [50].
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Overall, the above studies demonstrate the limited utility to targeted therapy in 
the adjuvant setting given lack of OS benefit and substantial toxicity associated with 
treatment.

 Neoadjuvant Therapy

Targeted therapy in the neoadjuvant setting remains under exploration. The poten-
tial benefits to neoadjuvant therapy include downstaging of local disease to facili-
tate surgical resection, optimizing nephron-sparing operative planning, and also 
providing an in vivo assessment of response to treatment. There are currently no 
phase III trials conducted in this disease setting, and data are limited to single-arm 
phase II studies and retrospective series.

The most robust data stems from two phase II studies. One single-arm phase study 
investigated the role of neoadjuvant pazopanib in patients with a median tumor size 
of 7.3 cm and median RENAL score of 11. Eighty percent of patients had high com-
plexity, and 56% of patients had a solitary kidney. The study enrolled 25 patients who 
receive pazopanib 800 mg once daily for 8 weeks prior to nephrectomy. The primary 
endpoint was the percentage of patients who could underwent partial nephrectomy 
after therapy. Secondary endpoint was reduction of tumor volume, diameter, and 
investigator-assessed RECIST ORR. The study demonstrated a decrease in RENAL 
score in 71% of patients, and there was also a decrease in tumor volume in 92% of 
patients. By RECIST criteria, partial response was observed in 36% of tumors. 
Moreover, 6 patients of 13 who were initially identified as non- partial nephrectomy 
candidates were able to be safety processed with partial nephrectomy [51].

In another phase II trial, Karam et al. evaluated neoadjuvant axitinib 5 mg twice 
daily for up to 12 weeks in 24 patients. The inclusion criteria were patients with 
clinical stage T2b–T3b without evidence of metastatic disease. The primary end-
point was independent review ORR by RECIST criteria. There was a 28.3% median 
reduction of the tumor diameter, 11 patients had a partial response by RECIST cri-
teria, and 13 had stable disease. The authors did not consider conversion from radi-
cal to partial nephrectomy as an endpoint, and therefore this was not evaluated. The 
drug was reasonably well tolerated, and there were two grade 3 complications and 
no grade 4 complications [52].

There has been conflicting data of the role of neoadjuvant therapy on venous 
tumor thrombi. Several small retrospective studies have investigated this approach. 
In aggregate the data show that in patients receiving sunitinib, tumors may increase, 
decrease, or be stable in size [53][54]. In contrast to these findings, Field et  al. 
recently evaluated 19 patients with an IVC tumor thrombus receiving neoadjuvant 
sunitinib, the largest retrospective series on this topic. The authors found a decrease 
in thrombus size in eight patients, stable disease in ten patients, and an increase in 
size in one patient. While limited in sample size, these findings are hypothesis- 
generating to test the utility of TKI therapy in this context [55]. Overall, the role of 
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systemic therapy with an intravenous thrombus will need to be further explored 
especially in the era of immunotherapy.

 Future Trials

There are currently several ongoing trials evaluating adjuvant targeted therapy 
in localized RCC patients. One of these trials, the EVEREST trial, will test adjuvant 
everolimus in intermediate high-risk and very high-risk patients post nephrectomy. 
The trial is expected to accrue 1545 patients and will evaluate recurrence-free sur-
vival in RCC patients who will be randomized to 54 weeks of placebo or everolimus 
[11]. The PADRES trial is a single-arm phase II trial of axitinib given neoadjuvant 
to surgery in patients with an imperative indication for partial nephrectomy. The 
trial will enroll 50 patients and will evaluate percent reduction of the longest diam-
eter of the tumor, ORR by RECIST criteria, effect on tumor on RENAL score, as 
well as the feasibility of partial nephrectomy [56].

 Novel Agents

On the forefront of novel agents, there have been several recent trials testing new 
TKIs as well as other targeted therapy agents. Sapanisertib (TAK-228) is an inves-
tigational drug that competitively inhibits ATP suppressing both mTOR complex 1 
and 2. In a recent phase 1 trial of 32 patients with metastatic RCC, sapanisertib 
demonstrated a reasonable safety profile in patients, 1 patient achieved a complete 
response, and 9 have a partial response [57]. Sapanisertib was also recently tested in 
combination with TAK117, which is a P13Kα inhibitor [58]. Carotuximab (TRC105) 
is a monoclonal antibody to endoglin (CD105), an angiogenic target expressed on 
tumor vessels. A recent study evaluated carotuximab in combination with axitinib 
versus axitinib alone in 150 patients who had progressed on prior TKI therapy. 
Median PFS was 6.7 months, and the combination therapy did not prolong PFS 
compared to axitinib alone [59]. Further study is requisite for these novel agents and 
their use in RCC patients.

 Summary

In summary, targeted therapy continues to play a significant role for patients with 
metastatic renal cell carcinoma. Combination therapy with IO + TKI agents has 
demonstrated efficacy in the frontline space. A subset of patients with favorable 
risk disease and those not candidates for IO can still derive benefit from single-
agent TKIs. Additionally, targeted agents either alone or in combination have 
demonstrated efficacy in the second-line setting. There is a spectrum of other 
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targeted therapies that are currently under investigation that hold promise for 
improving outcomes for patients. However, we need to continue to refine selection 
strategies for patients with metastatic disease and integrate biomarkers into clini-
cal decision- making to optimize therapy selection. Adjuvant and neoadjuvant 
therapy remain an unmet need, and we need improved strategies for localized 
disease management.

Ultimately, a multidisciplinary team approach will be critical to refining treat-
ment for patients with renal cell carcinoma. Interdisciplinary care involving medical 
oncology, urologic oncology, radiation oncology, primary care, and palliative care 
will lead to improved outcomes. Such interwoven teamwork will define the future 
of cancer care and be needed to help our patients.

Source of Funding None
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Chapter 14
Hereditary Cancer and Genetics in Renal 
Cell Carcinoma

Hong Truong and Maria I. Carlo

 Introduction

Renal cell carcinoma (RCC) represents a spectrum of kidney cancer classified by 
distinct histologic subtypes, clinical course, and molecular drivers. Most cases of 
RCCs are sporadic with risk factors that include smoking, obesity, hypertension, 
chronic renal insufficiency on dialysis, and environmental exposure. About 5%–8% 
of RCC cases are associated with hereditary RCC syndromes. To date, nine heredi-
tary RCC syndromes have been characterized that are related to inheritance of 
monogenic germline alteration (Table 14.1). The histologic subtypes and relative 
risks of RCC vary in these syndromes. Compared to sporadic RCC, hereditary RCC 
is more likely to occur at an earlier age [1] and is more likely to be multifocal or 
bilateral [2, 3]. Studies of patients with hereditary RCC syndromes have yielded 
clues regarding the natural history and molecular pathogenesis of sporadic 
RCC. Diagnosis of hereditary RCC syndromes allows for screening, early detection, 
and timely intervention for patients and cascade testing for at-risk family members. 
Therefore, it is critical for physicians to recognize clinical phenotypes of patients 
with hereditary RCC syndromes and refer appropriate patients for genetic counsel-
ing and germline testing. In this chapter, we review the genetic and clinical features 
of well-characterized hereditary RCC syndromes and provide a framework on 
screening and appropriate workup for patients at risk of hereditary RCC syndromes.
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Table 14.1 Hereditary renal cell carcinoma syndromes

Syndrome
Chromosome 
location Gene(s) RCC histology

Common extra-renal 
clinical manifestations

von Hippel-Lindau 3p25.3 VHL Clear cell Retinal and CNS 
hemangioblastomas
Retinal angiomas
Adrenal or 
paraganglioma
Endolymphatic sac 
tumors
Broad ligament and 
epididymal cystadenomas
Pancreatic cysts and 
neuroendocrine tumors

Hereditary 
leiomyomatosis and 
RCC

1q43 FH FH deficient
Papillary type 2
HLRCC- 
associated RCC

Cutaneous and uterine 
leiomyomas
Leiomyosarcomas
Adrenal adenoma

Birt-Hogg-Dubé 17p11.2 FLCN Chromophobe
Oncocytoma
Clear cell
Oncocytic hybrid
Mixed histology

Cutaneous 
fibrofolliculoma
Pulmonary cysts
Spontaneous 
pneumothorax

Hereditary papillary 
RCC

7q31.2 MET Papillary type 1 None

Tuberous sclerosis 9q34.13
16p13.3

TSC1
TSC2

Angiomyolipoma
Clear cell
Oncocytoma
Chromophobe

Cardiac rhabdomyoma
Angiofibromas, 
hypomelanotic macules, 
and other dermatological 
lesions
Cortical dysplasia
Subependymal giant cell 
astrocytoma
Retinal nodular and other 
nonrenal hamartomas
Ungual fibromas
Oral mucosal lesions

BAP1 tumor 
predisposition 
syndrome

3p21.1 BAP1 Clear cell
Chromophobe

Uveal and cutaneous 
melanoma
Malignant pleural 
mesothelioma

Hereditary 
paraganglioma- 
pheochromocytoma

5p15.33
1p36.13
1q23.3
11q23.1

SDHA
SDHB
SDHC
SDHD

SDH deficient
Unclassified/
eosinophilic 
variant

Pheochromocytoma
Paraganglioma
Gastrointestinal stromal 
tumor

MITF cancer 
syndrome

3p13 MITF Undefined Cutaneous melanoma

Cowden syndrome 10q23.31 PTEN Clear cell
Papillary
Chromophobe

Macrocephaly
Breast cancer
Thyroid cancer
Endometrial cancer
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 Germline Genetic Testing in Kidney Cancer Patients

Knowledge of clinical features of patients with hereditary RCC syndromes is criti-
cal for determining which patients with kidney cancer should be referred for genetic 
counseling and germline testing. Assessment of genetic risk factors in patients with 
kidney cancer includes age of diagnosis of kidney cancer, tumor histology, multifo-
cality, stage at presentation, personal history of extra-renal malignancies, and fam-
ily history. While the median age of onset of patients with sporadic RCC in SEER-17 
was 64 years, the median age at presentation of patients with known hereditary RCC 
syndromes was 37 years [1]. About 70% of hereditary RCC cases were diagnosed at 
46 years or younger. Therefore, early age of presentation of kidney cancer may be a 
sign of an underlying genetic predisposition and has been adopted as a referral cri-
terion for genetic counseling by both the National Comprehensive Cancer Network 
(NCCN) and the American Urological Association (AUA) kidney cancer guideline 
panels [4, 5]. Other indications for genetic counseling for RCC include synchronous 
or metachronous tumor multifocality, bilaterality, and those with histologic charac-
teristics suggestive of a hereditary RCC syndrome such as FH-/SDH-deficient RCC 
and angiomyolipomas (AMLs) in patient with additional features of tuberous scle-
rosis complex (TSC). Traditionally, clinically directed single-gene testing has been 
done for patients with personal or family history suggestive of an underlying heredi-
tary RCC syndrome or in those with first- or second-degree relatives with a known 
mutation in a cancer susceptibility gene. More recently, kidney cancer multigene 
panels, assessing 10–20 genes relevant to kidney cancer development, have been 
more commonly used to streamline testing for patients who meet referral criteria, 
such as those with early-onset RCC or multifocal/bilateral renal tumors, who lack 
distinguish clinical features of a classic hereditary cancer syndrome [6].

 Surgical Management of Patients with Localized Hereditary 
Renal Tumors

The goals of surgical management of patients with bilateral, multifocal, or heredi-
tary renal tumors are to prevent development of metastasis, preserve renal function, 
and minimize treatment-related morbidities. Longitudinal follow-up of patients 
with hereditary RCC syndromes has made it possible to tailor surgical management 
based on the underlying genetic alterations, which impact the natural history and 
clinical outcomes of renal tumors. Tumor growth rates varied significantly between 
different genetic subtypes. The growth rates of VHL-deficient (0.37 cm/year, inter-
quartile range [IQR] 0.25–0.57  cm/year), FLCN-deficient (0.10  cm/year, IQR 
0.04–0.24 cm/year), and MET-activation (0.15 cm/year, IQR 0.05–0.32 cm/year) 
tumors tend to be slower than BAP1-deficient tumors (0.6  cm/year, IQR 
0.57–0.68  cm/year) [7]. For patients with less biologically aggressive tumors, 
namely, those associated with von Hippel-Lindau (VHL), Birt-Hogg-Dubé (BHD), 
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and hereditary papillary RCC (HPRC) syndromes, an initial period of active sur-
veillance until the largest tumor reaches 3 cm has been adopted to reduce the num-
bers of renal surgeries and their associated morbidities [8, 9]. The treatment strategy 
of choice for these patients is tumor enucleation to balance oncologic control and 
maximal preservation of normal renal parenchyma. On the opposite end of the 
genetically driven spectrum, hereditary leiomyomatosis and RCC (HLRCC), hered-
itary paraganglioma-pheochromocytoma, and BAP1 tumor predisposition syn-
dromes are associated with more aggressive tumors. In particular, FH-deficient 
RCC associated with HLRCC is highly aggressive, and small tumors have the 
potential to metastasize [10, 11]. The majority of FH-deficient renal tumors have 
infiltrative margins and invaded renal sinus fat [11]. Therefore, prompt upfront sur-
gical intervention is recommended. A radical nephrectomy or partial nephrectomy 
with wide margin, when feasible, should be utilized [12].

 Implications of Germline Genetics in Management 
of Metastatic RCC

There is no standard treatment for metastatic RCC in the context of a hereditary 
syndrome, and treatment is often based on the histology of the original tumor. That 
being said, several clinical trials have examined regimens in patients with certain 
genetic syndromes. For VHL, agents that have been used in the treatment of meta-
static clear cell RCC seem to have similar efficacy in tumor response, which is 
expected given that sporadic clear cell RCC is also mostly driven by VHL biallelic 
loss of function. A phase 2 study of pazopanib for patients with VHL reported 
objective responses in 13 (42%) of 31 patients and 31 (52%) of 59 VHL-associated 
RCC tumors [13]. In August 2021, the US Food and Drug Administration (FDA) 
approved the first-in-class, HIF-2 alpha inhibitor belzutifan for patients with VHL- 
associated RCC, central nervous system hemangioblastomas, or pancreatic neuro-
endocrine tumors [14]. In a phase 2 trial, HIF-2 alpha inhibitors achieve an overall 
response rate (ORR) of 49% of patients with VHL-associated RCC. The median 
duration of response was not reached with 56% of responders having duration of 
response over 12 months [15]. Belzutifan is currently being studied in sporadic clear 
cell RCC, with promising results seen in a phase 1 trial [16].

Other therapeutic studies have prospectively included patients with hereditary 
RCC. A phase 2 trial conducted by the National Cancer Institute (NCI) investigated 
the efficacy of erlotinib and bevacizumab in patients with advanced papillary 
RCC. The ORR was 31 (72%) of 43 patients with HLRCC and 14 (35%) of 40 
patients with sporadic papillary RCC [17]. The treatment was well tolerated, with 
41 (49%) of 83 patients experiencing grade 3 or higher adverse events. Currently, 
this regimen is included in the NCCN guidelines with special consideration for 
patients with HLRCC [4]. Additionally, recent retrospective analyses of other phase 
2 trials have shown that other regimens also appear active in patients with 
FH-deficient RCC.  In a report of patients with non-clear cell RCC treated with 
everolimus and bevacizumab, there were seven patients identified with germline FH 
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mutations, of whom 4 (57%) had a response [18]. In a phase 2 study of the combina-
tion of cabozantinib and nivolumab in patients with non-clear cell RCC, there were 
five patients identified with germline FH mutations, of whom four had a 
response [19].

MET is known to be a driver in papillary hereditary RCC (where patients mainly 
present with type 1 papillary RCC) and in sporadic papillary tumors. A study of the 
MET inhibitor foretinib included 10 patients with germline MET mutations; of 
these, 5 patients had an objective response, compared to 5 of 57 patients without 
germline MET mutations [20]. Finally, although metastatic RCC in TSC is rare, 
everolimus has been shown to have significant activity in the treatment of localized 
AMLs associated with germline TSC1 and TSC2 mutations. 118 patients with 
AMLs were treated with everolimus. An ORR of 42% was seen, although once 
agent was discontinued, the AMLs appeared to grow back [21]. Based on this study, 
everolimus is approved by the FDA for patients with TSC-associated renal AMLs.

 Hereditary Renal Cell Carcinoma Syndromes

 Von Hippel-Lindau Syndrome (OMIM 193300)

VHL syndrome, the most well-characterized hereditary RCC syndrome, is a highly 
penetrant autosomal dominant syndrome that predisposes to malignant and benign 
tumors in multiple organs. VHL is caused by mutations in the VHL tumor suppres-
sor gene located on chromosome 3p25.3 that encodes for the VHL protein, an essen-
tial part of a multi-protein complex that includes elongin B/C, cullin-2, and Rbx1 
[22–24]. VHL protein functions as the recognition site for hypoxia-inducible factor 
alpha (HIF-alpha) to target proteins for ubiquitin-mediated degradation. Mutations 
in VHL lead to accumulation of HIF-1 and HIF-2 and upregulation of downstream 
pathways including vascular endothelial growth factor (VEGF), platelet-derived 
growth factor, and glucose transporters, leading to angiogenesis and cell prolifera-
tion [25]. Over 200 distinct mutations have been identified in the VHL gene includ-
ing missense (52%), frameshift (13%), nonsense (11%), deletions (11%), splice site 
(7%), and inframe deletion/insertion (6%) mutations [26].

The cardinal features of VHL syndrome include clear cell RCC, cerebellar and 
spinal hemangioblastomas, pheochromocytomas, and endolymphatic sac tumors 
[27]. Patients with VHL may also have pancreatic cysts and solid tumors. Specific 
genotypes are associated with certain syndromic manifestations and can guide sur-
veillance and management of patients with VHL. While nonsense and frameshift 
mutations are associated with higher susceptibility to clear cell RCC, missense 
mutations are associated with high risk of pheochromocytomas [26]. The lifetime 
risk of RCC in patients with VHL syndrome approached 75% with median age of 
onset of 39 years (range 13–70) [26]. VHL-associated RCC tend to be bilateral, 
multifocal, and recurrent. Clear cell RCC associated with VHL tends to be less bio-
logically aggressive with a robust pseudocapsule. Patients with VHL-associated 
kidney tumors are recommended to undergo active surveillance until the largest 
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tumors reach 3 cm in diameter. Tumor enucleation is the preferred surgical approach 
to preserve renal function without compromising oncologic control.

 Hereditary Leiomyomatosis and RCC Syndrome 
(OMIM 150800)

HLRCC syndrome is an autosomal dominant cancer susceptibility syndrome 
caused by mutations in the FH gene, a tumor suppressor, located on chromosome 
1q43, which encodes for the enzyme fumarate hydratase, a critical component of 
the Krebs cycle [28]. FH mutations impair oxidative phosphorylation and lead to 
the accumulation of oncometabolites. HLRCC is characterized by variable devel-
opment of three tumors: cutaneous leiomyoma, uterine leiomyomata (fibroids), 
and rarely leiomyosarcomas, and HLRCC (or FH-deficient)-associated 
RCC. Cutaneous leiomyomas appear firm, flesh-colored to light red/brown pap-
ules and develop in nearly all patients by the age of 40 years, but can be subtle to 
detect. Cutaneous leiomyomas can cause symptoms of variable severity including 
pain and pruritus in response to touch or temperature changes [29]. Uterine 
fibroids occur in most women with HLRCC, often causing pelvic symptoms 
including menorrhagia and pain necessitating hysterectomy at an early age, in 
many cases before the age of 30 [29, 30]. In rare instances, cutaneous and uterine 
leiomyosarcomas have been reported in patients with FH germline mutations [31, 
32]. The lifetime risk of RCC is estimated to be 10–20% with an early age of onset 
(median age of onset of 37 years, range 10–77 years) [1]. Although rare, RCCs 
have been reported in children [33]. Unlike other hereditary RCC syndromes, 
patients with HLRCC tend to have solitary and unilateral tumors with a more 
aggressive clinical course.

Since 2016, HLRCC-associated RCC has been added as a new RCC entity in the 
WHO classification of tumors. HLRCC-associated RCC has mixed architectural 
features including predominantly papillary pattern with tubular, tubulopapillary, 
tubulocystic, solid, cystic, and collecting duct carcinoma-like elements. 
Characteristic histologic findings of HLRCC-associated RCC are large nuclei with 
very prominent eosinophilic nucleolus surrounded by a clear perinucleolar halo. 
Immunohistochemical analysis of HLRCC-associated RCC reveals loss of FH 
expression (hence FH-deficient RCC is often used to refer to HLRCC-associated 
renal tumors) and 2-succino-cysteine (2SC) positive immunoreactivity. On CT and 
MR imaging, FH-deficient RCC tumors appear infiltrative, without circumscribed 
margins, and have heterogeneous MRI signal and enhancement. Most FH-deficient 
RCCs are locally advanced with radiographic evidence of invasion into the renal 
sinus fat or metastatic, particularly through lymph node chains, at the time of diag-
nosis [11]. However, there are no specific or unique features that would potentially 
distinguish FH-deficient RCC from other RCC subtypes [11]. Given the potential 
early age of renal cancer development, annual abdominal screening beginning at the 
age of 11 years has been recommended.
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Of note, the FH c.1431_1433dupAAA (p.Lys477dup) germline variant, which is 
relatively common in certain populations, has conflicting reports on pathogenicity 
in the heterozygous state. Although in the homozygous state, it is associated with 
FH deficiency, in the heterozygous state, it does not appear to be associated with 
increased risk of RCC.  In a study of 7571 patients with cancer who underwent 
germline genetic testing with a multigene panel, 24 patients had the variant, and 
none had RCC [34]. In another case report, in two patients with the variant and 
RCC, further pathologic and immunohistochemical studies showed that the RCCs 
did not have the morphologic features of FH-deficient RCC and had retained FH 
and no increase in 2SC [35].

 Birt-Hogg-Dube Syndrome (OMIM 135150)

BHD is an autosomal dominant cancer predisposition syndrome caused by germline 
mutations in the FLCN gene, which encodes for folliculin. Folliculin is a GTPase- 
activating protein for RAGC and is involved in the regulation of mTORC1 and 
TFEB [36, 37]. Although the mechanism by which loss of function of FLCN leads 
to renal tumors is not completely understood, recent work shows the transcription 
factor TFEB may be a main driver of kidney abnormalities in BHD and that deple-
tion of TFEB in a BHD mouse model leads to rescue of the disease phenotype [38]. 
BHD is likely underdiagnosed due to the variability in clinical expression, with 
some mutation carriers having subtle clinical features [39].

Patients with BHD are predisposed to renal tumors, which can vary in spectrum 
from oncocytomas, chromophobe tumors, or chromophobe oncocytic hybrid, with 
eosinophilic cytoplasm [40, 41]. As opposed to frequently seen somatic VHL muta-
tions in sporadic clear cell RCC, FLCN as a somatic driver of sporadic RCC is 
rarely seen. Fibrofolliculomas are the hallmark cutaneous feature of BHD. These 
flesh-colored papules are most common in the face, and their incidence increases 
with age, but in some cases their appearance can be subtle [42]. Additionally, 
patients with BHD have a high prevalence of pulmonary cysts, and an estimated 
third of patients develop spontaneous pneumothorax [41]. There is controversy on 
whether patients with BHD are at increased risk of colon polyps or colorectal can-
cer. One recent study found an elevated risk of colorectal cancer in BHD patients vs 
controls (5.1 vs 1.5%, p-value .0068) [43]. However, another report from a Dutch 
registry with 399 patients with BHD and 382 relatives without BHD noted no 
increased prevalence of colorectal cancer [44]. In that study the rate of colorectal 
cancer was 3.6% in BHD patients vs 2.6% in relatives (p = 0.54). The rate of polyp 
removal was higher in BHD (12.2 vs 6.3%, p = 0.005), but there was no significant 
difference between the number of polyps and histology in the two groups.

Although there is no prospective data studying the benefits of screening in BHD, 
consensus guidelines recommend renal imaging, ideally with MRI, every 3 years [4, 
45]. There may be limitations with ultrasound in the identification of tumors. In one 
retrospective study of BHD patients undergoing renal imaging, of 18 who had renal 
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ultrasounds at time of diagnosis of renal mass, half had the tumors identified by CT 
or MRI and not seen in ultrasound [46]. In terms of management, BHD-associated 
renal tumors are thought to be relatively slow growing with a lower malignant 
potential; in a study by Ball et al., the growth rate of these tumors was 0.10 cm/year 
(IQR 0.04–0.24 cm/yr) [7].

 Hereditary Papillary RCC (OMIM 164860)

Hereditary papillary RCC (HPRC) is an extremely rare autosomal dominant condi-
tion caused by heterozygous germline mutation in MET protooncogene on chromo-
some 7q31, which encodes for a receptor tyrosine kinase. MET mutations lead to 
constitutive activation of the MET protein and result in uncontrolled cell growth 
[47, 48]. Patients with HPRC are predisposed to multifocal and bilateral papillary 
type 1 RCC. Unlike other hereditary RCC syndromes, patients with HPRC do not 
harbor extra-renal manifestation, making its diagnosis difficult unless the physi-
cians have a high index of suspicion based on tumor multifocality, histology, and 
family history of papillary type 1 RCC. Due to its indolent nature, MET-activated 
renal tumors associated with HPRC syndrome are best observed until the tumors 
reach 3-cm diameter and are amenable to enucleation to preserve renal function 
without compromising oncologic control [12].

 BAP1 Tumor Predisposition Syndrome (OMIM 614327)

BAP1 tumor predisposition syndrome is an autosomal dominant cancer predisposi-
tion syndrome caused by germline loss-of-function mutations in the BAP1 gene. 
BAP1 encodes for a deubiquitinating enzyme and is involved in chromatin regula-
tion among other cellular processes [49, 50]. BAP1 somatic mutations are common 
in clear cell RCC and associated with worse prognosis [51, 52]. Individuals with 
BAP1 germline mutations are at increased risk of cutaneous and uveal melanoma, 
mesothelioma (both peritoneal and pleural), RCC, and likely other tumors. 
Compared to other RCC hereditary conditions, BAP1 tumor predisposition syn-
drome is relatively recently described, and the full phenotypic syndrome, including 
its penetrance, is not fully understood [53, 54].

In the largest reported series of BAP1 carriers to date, the incidence of RCC was 
between 5% and 10% when including probands and relatives [55]. Although it 
appears that clear cell RCC is the predominant histology, there are also reports of 
patients with chromophobe tumors with loss of BAP1 on IHC [56]. As opposed to 
RCCs in patients with VHL and BHD, RCCs in patients with BAP1 somatic or 
germline mutations are thought to be aggressive, and consensus recommendations 
are to perform renal imaging every 2 years [4].
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 Hereditary Paraganglioma-Pheochromocytoma Syndromes 
(OMIM 185470)

Hereditary paraganglioma-pheochromocytoma syndrome is an autosomal dominant 
cancer predisposition syndrome caused by mutations in genes within the SDH com-
plex (SDHA, SDHB, SDHC, SDHD, SDHAF2, collectively SDHx), MAX, and 
TMEM127. Germline mutations in these genes have been associated with an 
increased risk of mainly pheochromocytoma and paraganglioma, but gastrointesti-
nal stromal tumors and RCC have also been reported. The majority of cases of RCC 
within the context of this syndrome are due to germline SDHB mutations, and the 
presenting RCC subtype has typical characteristic histologic features, with the 
prominent being the presence of cytoplasmic vacuoles and SDHB deficiency on 
IHC [57, 58]. In 2016, SDHB-deficient RCC was added as a new histologic subtype 
to the World Health Organization classification of tumors [59]. If SDH deficiency is 
identified in a renal tumor, there is a high likelihood that it is due to a germline 
mutation. SDH-deficient RCCs range from slow growing to aggressive. Although 
there are reports of patients with RCC and germline mutations in TMEM127 and 
MAX, the association of these genes and the pathogenesis of the RCC have not yet 
been well established [60, 61].

The incidence of RCC in patients with SDHx mutations is not well established. 
In a large retrospective study of individuals referred for genetic testing due to a 
personal or family history of pheochromocytoma or paraganglioma, 876 individuals 
with SDHB/C/D mutations were identified, of which 16 had RCC, all but one in 
individuals with SDHB mutations [62]. The risk of RCC by age 60 in SDHB carriers 
was estimated at 4–5%. Although there are reports of patients with RCC and SDHA 
mutations, the role of the mutation in the pathogenicity of the tumor has not yet 
been established [63, 64].

Screening for RCC in SDHx carriers is usually obtained within the context of 
screening for pheochromocytomas and paragangliomas, for which head and neck, 
thoracic, abdominal, and pelvic MRIs are recommended every 2–3 years[65, 66]. 
FDG PET may be very sensitive to detect SDH-related tumors, and patients with 
advanced SDH-deficient RCC can have very high FDG uptake. To date, there is no 
particular systemic regimen that has been studied in SDH-deficient metastatic RCC.

 Other Hereditary Syndromes with Increased Risk 
of Renal Cancer

There are several other genetic conditions that can predispose to renal tumors. 
Patients with tuberous sclerosis complex (TSC, OMIM 191100) are at high risk of 
AML, a renal lesion composed of smooth-muscle-like cells, adipocyte-like cells, 
and epithelioid cells [67]. Although rare, RCC can also occur with TSC, and several 
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reports have shown a wide spectrum of morphologies and a propensity for bilateral 
or multifocal lesions [68, 69]. International consensus guidelines recommend imag-
ing, preferably with MRI, every few years and more often if lesions are identified [4].

Patients with Cowden syndrome (OMIM 158350) caused by germline mutations 
in PTEN are also at risk for several malignancies, including breast, endometrial, and 
thyroid cancer. They are also at increased risk of RCC, although to a lesser extent. 
RCCs within the context of Cowden typically have non-clear cell histology, with 
chromophobe and papillary subtypes predominating, although clear cell RCC is 
also seen [70, 71]. Current NCCN guideline recommends consideration of renal 
ultrasound every 1–2 years for patients with Cowden syndrome [72].

A germline missense variant in MITF p.E318K has been identified to confer a 
genetic predisposition to melanoma and RCC.  Patients with the MITF p.E318K 
variant had a higher than fivefold increased risk of developing melanoma, RCC, or 
both cancers compared to controls with MITF wild type [73]. Therefore, presence 
of personal or familial melanoma and RCC should prompt referral for genetic 
counseling.

 Conclusions

Knowledge of inherited genetics of patients with RCC continues to evolve. Twelve 
RCC predisposition genes, VHL, MET, FH, TSC1/2, FLCN, SDHA/B/C/D, BAP1, 
and MITF, leading to nine hereditary RCC syndromes have been identified. Studies 
of hereditary RCC have led to breakthrough discoveries into the genetic basis of 
kidney cancer and revolutionized the surgical management and more effective tar-
geted therapies for patients with both hereditary and sporadic forms of RCC. It is 
critical that physicians managing patients with RCC recognize and refer patients at 
risk of hereditary RCC syndromes for genetic counseling and germline testing 
because well-defined RCC management strategies exist for these patients, and early 
screening, detection, and intervention of at-risk organs minimize cancer-specific 
morbidity and mortality.
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Chapter 15
Immunotherapy

Georgia Sofia Karachaliou, Nathan Hirshman, and Tian Zhang

At initial presentation, approximately 19% of renal cell carcinoma (RCC) patients 
either have locally advanced disease or distant metastases [1]. While surgical resec-
tion of the tumor is typically considered the only curative option for patients with 
early-stage disease, new treatment options have arisen for both early-stage disease 
and advanced/metastatic disease. Specifically, systemic immunotherapy is now con-
sidered part of the treatment paradigm for individuals with RCC. In metastatic renal 
cell carcinoma (mRCC), the International Metastatic renal cell carcinoma Database 
Consortium (IMDC) has implemented risk stratification with six risk factors, hyper-
calcemia, neutrophilia, anemia, thrombocytosis, less than a year from initial diagno-
sis to systemic therapy, and poor performance status (Karnofsky Performance Status 
<70), and is now used for trial stratification and treatment selection [2].

In 1992, high-dose interleukin (IL)-2 was the first approved immunotherapeutic 
agent for RCC, despite significant toxicities, because of improved clinical outcomes 
in a subset of mRCC patients [3, 4]. Importantly, durable complete responses (CR) 
were observed in 5–9% of patients [4, 5]. The most common side effects were capil-
lary leak syndrome, urinary tract and catheter site infections, hypotension, 
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tachycardia, dyspnea, renal dysfunction, hyperbilirubinemia, transaminase eleva-
tions, and neurological changes [6]. Currently, high-dose IL-2 is still possible to be 
given as first-line treatment for selected patients with favorable risk RCC, excellent 
performance status, and normal organ function [7]. However, the recent develop-
ment and approvals of immune checkpoint inhibitors (ICIs) have improved targeted 
activation of immune surveillance.

Recently, ICIs have been further studied in renal cell carcinoma, given RCC’s 
immunogenicity and increased infiltration of different immune cells such as T cells 
and NK cells [8]. In addition, regulatory T cells (Tregs), tumor-associated macro-
phages, and myeloid-derived suppressor cells (MDSCs) have been shown to be 
responsible for suppression of anti-cancer activity in RCC [8]. Anti-PD-1 and anti- 
CTLA- 4 antibodies improve T-cell responses and allow upregulation of anticancer 
activity by suppressing Treg activity, thereby increasing IFN-γ and IL-2 production 
in the tumor microenvironment. Currently, these antibodies targeting PD-1 and 
CTLA-4 pathways represent new treatment options for RCC.

In this chapter, we will highlight the current immunotherapeutic options, includ-
ing anti-PD-1 and anti-CTLA-4 antibodies, along with the ongoing clinical trials in 
metastatic RCC as well as local RCC that are important in informing multidisci-
plinary care of RCC.

 Immunotherapy in Patients with Metastatic RCC

The landscape of systemic treatment regimens for mRCC has expanded dramati-
cally over the past 15 years with the rise of immunotherapy [17]. Specifically, the 
role of PD-1 inhibitors is growing in treatment of patients with mRCC. Nivolumab, 
the first-in-class PD-1 inhibitor, was first approved by the US FDA in 2015  in 
second- line treatment of mRCC, based on the improved overall survival (OS) dem-
onstrated in CheckMate 025, a trial comparing the efficacy of nivolumab to everoli-
mus in patients who were previously treated for mRCC [9]. Subsequently, 
pembrolizumab, a selective, fully humanized immunoglobulin G4-κ monoclonal 
antibody against PD-1, was investigated in combination with axitinib in first-line 
treatment of mRCC. Several clinical trials with combination immunotherapy agents 
have now improved clinical outcomes in mRCC (Table 15.1).

The CheckMate 214 randomized phase 3 clinical trial randomly assigned 1096 
patients to nivolumab plus ipilimumab (a CTLA-4 inhibitor) or sunitinib (a receptor 
tyrosine kinase inhibitor targeted against vascular endothelial growth factor recep-
tors [VEGFRs]) [10]. With a median follow-up of 55 months, concurrent nivolumab 
and ipilimumab for four cycles followed by maintenance nivolumab improved 
median overall survival (OS) versus sunitinib in all patients (median OS not reached 
versus 38.4 months; HR 0.69, 95%CI 0.59–0.81]) [11]. Specifically, in the subset of 
patients with IMDC intermediate-poor-risk disease, OS was improved further 
(median OS 48.1 versus 26.6 months; HR 0.65, 95%CI 0.54–0.78). PFS was noted 
to be relatively comparable between the two groups (median PFS was 12.2 months 
versus 12.3  months, HR 0.89 [95%CI 0.76–1.05]), with 4-year PFS better for 
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patients treated with ipilimumab-nivolumab versus sunitinib (31% versus 17%). 
Furthermore, in the subset of patients with intermediate-poor-risk disease, median 
PFS was 11.2 months versus 8.3 months for ipilimumab-nivolumab versus suni-
tinib, respectively. The most common observed grade 3–4 treatment-related adverse 
events in the combination group were increased lipase levels in 10% (57/547), amy-
lase levels in 6% (31/547), and alanine aminotransferase levels in 5% (28/547). 
Notably, eight deaths in the nivolumab plus ipilimumab group and four deaths in the 
sunitinib group were reported as treatment-related [10]. Ultimately, given the 
improved overall survival, this pivotal trial led to US FDA approval of the nivolumab 
plus ipilimumab combination for patients with treatment-naïve mRCC and IMDC 
intermediate- and poor-risk disease.

Given the need to establish more treatment options in mRCC, Keynote 426, an 
open-label, phase 3 trial [12], investigated the efficacy of the combination of pem-
brolizumab and axitinib (a VEGFR-targeted TKI) compared with sunitinib. A total 
of 861 patients with previously untreated advanced RCC were randomly assigned to 
receive pembrolizumab 200  mg intravenously once every 3  weeks plus axitinib 
5 mg orally twice daily or sunitinib 50 mg orally once daily for the first 4 weeks of 
each 6-week cycle. With a median follow-up for all patients of 30.6 months [13], the 
combination of pembrolizumab plus axitinib prolonged overall survival when com-
pared to sunitinib (median OS NR versus 35.7 months, HR 0.68, 95%CI 0.55–0.85, 
p  <  0.001) [14]. The median PFS for the combination cohort was 15.4  months 
(95%CI 12.7–18.9) compared to 11.1 months (95%CI 9.1–12.5) for the sunitinib 
group (HR 0.71, 95%CI 0.60–0.84, p < 0.0001). Furthermore, the objective response 
rate was 60% versus 40% (p < 0.0001), and the median duration of response was 
23.5 months compared to 15.9 months. It is also important to highlight that the pem-
brolizumab plus axitinib showed a clinical benefit in all subgroups tested (including 

Table 15.1 Completed phase 3 clinical trials investigating immunotherapeutic agents in metastatic 
renal cell carcinoma

Trial
CheckMate 
214 KeyNote-426

CheckMate 
9ER JAVELIN 101 CLEAR

Clinicaltrial.
gov 
identifier

NCT02231749 NCT02853331 NCT03141177 NCT02684006 NCT02811861

Intervention Ipi + nivo Pembro+axi Nivo+cabo Ave + axi Pembro+lenva
12-month 
OS

Ipi + nivo 80%
Sun72%

Pembro+axi 
90%
Sun 78%

Nivo+cabo 
86%
Sun 75%

Ave + axi 86%
Sun 83%

NR
NR

HR OS 0.66 0.53 0.60 0.80 N/A
PFS Ipi + nivo 

8.2 m
Sun 8.3 m

Pembro+axi 
15.1 m
Sun 11.1 m

Nivo+cabo 
16.6 m
Sun 8.3 m

Ave + axi 
13.8 m
Sun 8.4 m

Pembro+lenva 
23.9 m
Sun 9.2 m

ORR 42% 59% 56% 51% 71%

OS overall survival, HR hazard ratio, PFS progression-free survival, ORR objective response rate, 
Ipi ipilimumab, Nivo nivolumab, Sun sunitinib, Pembro pembrolizumab, Axi axitinib, Cabo cabo-
zantinib, Ave avelumab, Lenva lenvatinib, NR not reached, N/A not applicable
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IMDC risk and PD-L1 expression subgroups). Given the results of this trial, the US 
FDA approved this combination as first-line treatment for metastatic ccRCC.

CheckMate 9ER, an open-label multinational phase 3 trial, has subsequently 
compared the combination of nivolumab plus cabozantinib, a TKI and VEGF inhib-
itor, to sunitinib in patients with previously untreated advanced or metastatic RCC 
[15]. It is proposed that nivolumab’s ability to prevent cancer from evading immune 
detection [16, 17] and cabozantinib’s immunomodulatory and antiangiogenic prop-
erties [18, 19] may provide a synergistic effect for tumor immunosuppression. The 
investigators recently announced that the study met its primary endpoint of 
progression- free survival (PFS) at final analysis, as well as its secondary endpoints 
of OS and objective response rate at a pre-specified interim analysis. With a median 
follow-up of 18.1  months, median OS had not been reached in either treatment 
cohort [20]. The objective response rate was higher (55.7% for cabozantinib- 
nivolumab- treated patients versus 27.1% for patients treated with sunitinib), and the 
combination cabozantinib-nivolumab had a PFS benefit (median PFS 16.6 months 
for cabozantinib-nivolumab versus 8.3 months for sunitinib group, p < 0.0001); this 
benefit was seen across predefined patient populations (i.e., IMDC risk status, tumor 
PD-L1 expression, and bone metastases). The most common AEs in the nivolumab 
plus cabozantinib group were diarrhea, fatigue, hepatotoxicity, and palmar-plantar 
erythrodysesthesia syndrome. The data from the CheckMate 9ER trial supports the 
combination of nivolumab plus cabozantinib as a first-line treatment option for 
patients with mRCC which was approved by the US FDA in January 2021.

Another phase 3 trial, JAVELIN Renal 101 [21, 22], has demonstrated significantly 
prolonged PFS with first-line avelumab (PD-L1 inhibitor) plus axitinib versus suni-
tinib in advanced RCC. Treatment-naive patients with mRCC were randomly assigned 
to receive avelumab 10 mg/kg intravenously every 2 weeks plus axitinib 5 mg orally 
twice daily or sunitinib 50 mg orally once daily for 4 weeks out of each 6-week cycle. 
Of the total of 886 patients who were enrolled in this study, 442 were randomized to 
the combination cohort and 444 to the sunitinib cohort. At a follow- up of 13 months, 
median PFS was 13.8 months (95%CI 10.1–20.7) in the avelumab plus axitinib group 
compared to 7.0 months (95%CI 5.7–9.6) in the sunitinib group [22]. In the avelumab 
plus axitinib cohort, objective responses occurred in 30.7% and 51.2% of patients at 
the 7-week and 13-week landmark, respectively, compared to 7.1% and 20% of 
patients in the sunitinib cohort, respectively. The mean duration of response was lon-
ger in the avelumab plus axitinib cohort than in the sunitinib cohort at the 13-week 
landmark. Of note, it is important to highlight that neither the expression of PD-L1 nor 
tumor mutational burden differentiated the PFS in either treatment cohort. Ultimately 
given the results of the JAVELIN Renal 101, the US FDA approved the combination 
of avelumab/axitinib for first-line treatment of ccRCC in May 2019 [21].

In addition, the KEYNOTE-581/CLEAR study [23, 24], a multicenter, random-
ized, open-label phase 3 trial, evaluated the efficacy of the combination of lenvatinib 
plus everolimus (two targeted therapies) or the combination of lenvatinib plus pem-
brolizumab compared to the standard first-line therapy with sunitinib as a single 
agent in patients with advanced or mRCC. In particular, in line with the recently 
published data of this study, a total of 1069 patients were randomly assigned to 
receive lenvatinib plus pembrolizumab, lenvatinib plus everolimus, or sunitinib. 
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Patients in the lenvatinib plus pembrolizumab group achieved a significantly longer 
PFS of 23.9 months compared to 9.2 months in the sunitinib group (HR 0.39, 95%CI 
0.32 to 0.49, p < 0.001). Despite the fact that the median OS in the pembrolizumab 
plus lenvatinib group was longer over sunitinib group (but not reached), this benefit 
was not observed in the lenvatinib plus everolimus group compared to sunitinib 
group. Regarding the ORR, 71.0%, 53.5%, and 36.1% were achieved in the lenva-
tinib plus pembrolizumab, lenvatinib plus everolimus, and sunitinib, respectively. 
Similar percentages of grade ≥ 3 were reported among the groups, and in at least 
10% of the patients in any group, hypertension, diarrhea, and elevated lipase levels 
were the most common grade ≥ 3. Consequently, this combination adds more to 
treatment armamentarium for patients with mRCC.

Lastly, the phase 3 trial, IMmotion 151, improved PFS favoring the combination of 
atezolizumab (a PD-L1 inhibitor) plus bevacizumab (anti-VEGF) group compared to 
the sunitinib group [25]. Of a total of 915 patients who were enrolled, 454 were ran-
domly assigned to the atezolizumab plus bevacizumab cohort and 461 patients were 
treated with sunitinib. Forty percent (362/915) of the patients had PD-L1-positive 
tumors. The PD-L1-positive population achieved a median PFS of 11.2 months in the 
combination of atezolizumab plus bevacizumab group compared to those in sunitinib 
group, who achieved a PFS of 7.7 months (HR 0.74, 95%CI 0.57–0.96; p = 0.0217). 
The combination demonstrated a better side effect profile with 40% of patients in the 
atezolizumab plus bevacizumab group and 54% in the sunitinib group experiencing 
treatment-related grade 3/4 adverse events (the most common AE reported in both 
groups was hypertension (14% versus 17%, respectively) followed by proteinuria and 
diarrhea. Fatigue was also reported as a frequent AE (<5%) in the atezolizumab plus 
bevacizumab group, while thrombocytopenia (5%) and palmar-plantar erythrodyses-
thesia (9%) were commonly reported in the sunitinib group). Additionally, only 5% in 
the atezolizumab plus bevacizumab group compared to 8% in the sunitinib group 
discontinued treatment because of adverse events.

Interestingly, a subgroup analysis of the IMmotion 151 clinical trial was con-
ducted in previously untreated patients with advanced or mRCC and sarcomatoid 
features [26]. Patients whose tumor had any component of sarcomatoid features 
were included and received atezolizumab plus bevacizumab (n = 68) or sunitinib 
(n = 74). Median PFS was significantly longer in the group receiving atezolizumab 
plus bevacizumab overall (8.3 versus 5.3 months; HR 0.52, 95%CI 0.34–0.79) as 
well as a further subset of patients with PD-L1-positive tumors and sarcomatoid 
features (8.6 versus 5.6 months; HR 0.45, 95%CI 0.26–0.77). Patients treated with 
atezolizumab plus bevacizumab achieved an ORR of 49% versus 14% in sunitinib-
treated patients, including complete responses of 10% versus 3% of patients treated 
with sunitinib. While encouraging that this combination can improve PFS, this com-
bination has not received FDA approval, and expanded follow-up is warranted to 
evaluate for further survival benefits.

Additionally, a subgroup analysis of the CheckMate 214 clinical trial investi-
gated the efficacy of the combination of nivolumab plus ipilimumab compared to 
sunitinib in a total of 145 patients with sarcomatoid RCC (sRCC) (139 patients with 
intermediate−/poor-risk disease and 6 with favorable risk) [27]. In the intermedi-
ate−/poor-risk disease patients, median OS was not reached in the combination ICI 
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group compared to 14.5 months in the sunitinib group (HR 0.45, p = 0.004). Further, 
the median PFS was 26.5  months compared to 5.1  months (95%CI 0.33–0.86; 
p = 0.0093), while the ORR was 60.8% versus 23.1%, respectively. These findings 
are similar to other subgroup analyses that have supported the efficacy of ICI-based 
therapies in individuals with sRCC. These studies include KEYNOTE-426 which 
demonstrated improved outcomes with pembrolizumab-axitinib (12-month OS of 
83.4%, ORR of 58.8%, and CR of 11.8%), JAVELIN Renal 101 which showed 
improved outcomes with avelumab-axitinib (12-month OS 8%, ORR of 47%, and 
CR of 4%), and IMmotion151 which showed improved outcomes with atezolizumab- 
bevacizumab (12-month OS69%, ORR 49%, CR of 10%). The genetic heterogene-
ity of sRCC may play a role in determining why certain individuals respond to ICIs, 
while others do not. Particularly, mutations in TP53, NF2, and other members of the 
Hippo pathway, CDKN2A/2B, PI3K, BAP1, and enrichment of TGF-β signaling are 
growing areas of interest for understanding the mechanisms of ICI resistance [28].

Table 15.2 summarizes the current NCCN guidelines for patients with either 
relapsed or stage IV disease.

In summary, first-line treatment options for mRCC have significantly expanded 
to pure immunotherapy combinations and to combinations of immunotherapy 
checkpoint inhibitors with tyrosine kinase inhibitors of the VEGFR pathway. 
Importantly, patients with mRCC are achieving complete responses and durable 
responses. Clinical questions that remain for patients achieving responses will 
include when patients can safely discontinue treatment and when (if a primary is 
intact) patients can optimally undergo cytoreductive nephrectomy.

 Immunotherapy in the Adjuvant Setting in Patients 
with Local/Locally Advanced RCC

In individuals with localized RCC, the main staple of therapy is surgical resection. 
Following resection, disease progression usually occurs in distant sites via circulat-
ing tumor cells and micrometastases from the primary tumor. Targeting 

Table 15.2 NCCN guidelines for first-line treatment of relapsed or metastatic renal cell carcinoma 
(Version 3.2022)

Preferred regimens Other recommended regimens

IMDC favorable risk Axitinib + pembrolizumab (1)
Cabozantinib + nivolumab (1)
Lenvatinib + pembrolizumab (1)

Ipilimumab + nivolumab (2A)
Cabozantinib (2B)
Axitinib+ avelumab (2A)
Pazopanib (2A)
Sunitinib (2A)

IMDC intermediate/poor risk Ipilimumab + nivolumab (1)
Axitinib + pembrolizumab (1)
Nivolumab + cabozantinib (1)
Lenvatinib + pembrolizumab (1)
Cabozantinib (2A)

Pazopanib (2A)
Sunitinib (2A)
Axitinib + avelumab (2A)

1 = based on one randomized controlled phase 3 trial
2A = based on at least one randomized controlled phase 2 trial
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micrometastases by initiating immunotherapy after surgical resection of the primary 
tumor, when the tumor burden is lowest, is a promising new line of adjuvant treat-
ment. Conducting adjuvant clinical trials provides the opportunity to determine bio-
markers associated with recurrence as well as predictive biomarkers for response to 
treatment [29].

There are multiple trials investigating the administration of immunotherapy in 
the adjuvant setting in RCC, including at least three purely adjuvant studies. In par-
ticular, IMmotion 010 is a phase 3, multicenter, randomized, placebo-controlled, 
double-blind study aiming to evaluate the efficacy and safety of the administration 
of atezolizumab versus placebo in patients with RCC who are at high risk of disease 
recurrence following nephrectomy. The participants in the experimental cohort 
received atezolizumab 1200  mg IV infusion every 3  weeks for 16  cycles (each 
cycle = 21 days) or 1 year (whichever occurs first), whereas patients in the control 
cohort received intravenous placebo for the same time frame. The CheckMate 914 
trial (NCT03138512) is an ongoing phase 3 clinical trial with a target enrollment of 
approximately 1600 randomized patients across 22 countries. Checkmate 914 ran-
domizes patients to nivolumab alone or nivolumab with ipilimumab or placebo and 
aims to evaluate these treatments for efficacy in delaying recurrence of cancer in 
patients after partial or full nephrectomy. In the first part of the trial, patients are 
randomized 1:1 to receive nivolumab plus ipilimumab or placebo infusions. In the 
second part, patients are randomized 1:1:2 to receive nivolumab plus ipilimumab, 
placebo infusions, or nivolumab with ipilimumab placebo. All treatments are given 
for 24 weeks or until evidence of disease recurrence, unacceptable toxicity, or with-
drawal of consent [30]. Finally, the Keynote-564 study (NCT03142334) aims to 
evaluate the safety and efficacy of pembrolizumab in the adjuvant treatment of adult 
participants who have intermediate-high- or high-risk localized disease and had 
undergone nephrectomy or who had oligometastatic disease and had undergone 
metastasectomy, without evidence of residual disease. 496 patients in the experi-
mental cohort received pembrolizumab 200 mg IV infusion every 3 weeks for up to 
17 cycles, while 498 patients in the control cohort received placebo IV infusion 
every 3 weeks [31, 32]. With a median follow-up of 24.1 months, patients treated 
with pembrolizumab had improved disease-free survival (HR 0.68, 95% CI 
0.55–0.87, p = 0.002), with neither cohort meeting the median disease-free survival 
timepoint. Common any-grade adverse events included fatigue, diarrhea, pruritus, 
arthralgia, hypothyroidism, and rash, without any unexpected AEs. This represents 
the first positive trial in the adjuvant setting of clear cell RCC, approved for adjuvant 
treatment of RCC by the US FDA in November 2021. As of August 2021, only 
CheckMate 914 is currently still enrolling patients.

Lastly, the PROSPER RCC is an unblinded, phase 3 study in the National 
Clinical Trials Network that includes patients with RCC and clinical stage T2 or 
higher or any nodal disease planned for radical or partial nephrectomy. PROSPER 
RCC randomizes patients to either nephrectomy and standard postoperative follow-
 up or preoperative nivolumab, surgical resection, and then adjuvant nivolumab for 
up to a year [34]. This study aims to improve clinical outcomes by priming the 
immune system with neoadjuvant nivolumab prior to surgical resection of the tumor 
as well as continued immune system engagement with adjuvant nivolumab in 

15 Immunotherapy



306

patients with high-risk RCC. Only select patients with oligometastatic disease are 
included in the study, specifically if they undergo metastasectomy and do not have 
other evidence of disease. Patients will be stratified by clinical T stage, node positiv-
ity, and M stage. In order to improve historical 5-year DFS rates of 56% seen in the 
ASSURE trial to a hypothesized 70%, with 84.2% power, PROSPER RCC is set to 
enroll up to 807 patients and completed accrual in 2021. This study is also designed 
to evaluate improvements in OS and critical perioperative therapy considerations 
such as safety, feasibility, and quality of life metrics. Furthermore, the PROSPER 
RCC study also promises many translational studies to evaluate the contribution of 
the baseline immune microenvironment components on clinical outcomes. 
Ultimately, if positive, PROSPER RCC is poised to transform the current treatment 
paradigm for patients with localized, high-risk RCC.

 Ongoing Clinical Trials in Metastatic RCC

Currently several ongoing clinical trials are investigating the role of immunotherapy 
treatments in patients with mRCC [33]. The randomized, multicenter phase 3 trial, 
PDIGREE trial (NCT03793166) [35], is based off of the survival improvements 
seen in both Checkmate 214 and Checkmate 9ER. PDIGREE investigates the effi-
cacy of the combination of nivolumab plus ipilimumab, followed by either 
nivolumab with cabozantinib or nivolumab alone in patients with treatment-naïve, 
IMDC intermediate- or poor-risk mRCC. All patients are first treated with induction 
ipilimumab 1 mg/kg and nivolumab 3 mg/kg intravenously once every 3 weeks for 
up to four cycles. Following the initial 3-month radiographic evaluation, treatment 
is adapted for responses. Patients who achieve complete response continue with 
nivolumab 480 mg intravenously every 4 weeks as maintenance. Patients who dem-
onstrate progressive disease will subsequently be switched to cabozantinib 60 mg 
oral daily. For patients without complete response or progressive disease (i.e., those 
with stable disease or partial responses), they are then randomized to nivolumab 
480 mg intravenously every 4 weeks versus nivolumab 480 mg intravenously every 
4 weeks with cabozantinib 40 mg oral daily. The participants will be stratified based 
on the IMDC risk group and presence of bone metastases. The investigators hypoth-
esize that the 3-year OS will be improved to 70% for nivolumab-cabozantinib com-
pared to 60% for nivolumab alone; with a power of 85% and two-sided alpha of 
0.05, PDIGREE is set to randomize 696 patients and to potentially enroll up to 1046 
patients. While the primary endpoint is 3-year OS, CR at 1 year, PFS, ORR are key 
secondary endpoints. Consolidative nephrectomy can be considered for those 
patients who will achieve excellent partial responses resulting in a prospective treat-
ment discontinuation. As per investigators till January 2021, more than 300 patients 
are already enrolled in this study. Additionally, tissue- and plasma-based biomark-
ers will be evaluated to associate with treatment response or resistance.

Further building on the combination of cabozantinib and nivolumab, the 
COSMIC-313 study [36] is a global, randomized, placebo-controlled, double-blind 
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phase 3 trial, with a planned enrollment of 676 patients, investigating the efficacy 
and safety of the concurrent administration of cabozantinib with nivolumab plus 
ipilimumab compared to nivolumab plus ipilimumab. Patients randomized to the 
combination cohort will receive cabozantinib 40  mg orally once daily plus 
nivolumab 3  mg/kg intravenously plus ipilimumab 1  mg/kg intravenously once 
every 3 weeks for four doses, followed by cabozantinib 40 mg orally once daily plus 
nivolumab 480  mg intravenously once every 4  weeks. The control cohort will 
receive a cabozantinib-matched placebo and the same treatment regimen for 
nivolumab plus ipilimumab. The main primary endpoint that drives the sample size 
of 676 patients is improvement of the PFS, while secondary endpoints include OS, 
objective response rate, duration of responses, and safety. Finally, correlation of 
biomarkers with clinical outcomes will also be evaluated.

Recently in a phase 1/2 study, the combination of bempegaldesleukin (BEMPEG), 
first-in-class pegylated interleukin-2, with nivolumab showed a manageable safety 
profile as well as an encouraging objective response rate of 46% in advanced 
RCC. Based on these results, the PIVOT 09 study [37], a global, multicenter, ran-
domized, open-label phase 3 study, is also currently open and studying the efficacy 
and safety of the concurrent administration of BEMPEG plus nivolumab compared 
to investigator’s choice of tyrosine kinase inhibitor (sunitinib or cabozantinib) in 
patients with previously untreated advanced or mRCC. Patients are randomized to 
receive either BEMPEG 0.006 mg/kg with 360 mg nivolumab intravenously every 
3 weeks or sunitinib 50 mg orally daily 4 weeks on, 2 weeks off schedule or 60 mg 
cabozantinib orally once daily. Objective response rate, OS, and PFS in the interme-
diate- and poor-risk population will be evaluated as well as safety, PD-L1 expres-
sion as a predictive biomarker, and quality of life [37].

To build on cabozantinib effect in previously treated mRCC, the open-label 
phase 3 study CONTACT-03 opened in July 2020 and is investigating the adminis-
tration of atezolizumab plus cabozantinib versus cabozantinib monotherapy follow-
ing progression on/after prior ICI treatment in patients with advanced/metastatic 
RCC. Patients enrolled to the CONTACT-03 trial will be randomized in two groups, 
receiving either atezolizumab intravenously 1200 mg every 3 weeks with cabozan-
tinib 60 mg orally daily or cabozantinib 60 mg daily. The primary endpoints will be 
PFS and OS in the intent-to-treat (ITT) population. The secondary endpoints will be 
the investigator-assessed PFS per RECIST 1.1 criteria and the independent review 
and investigator-assessed ORR and DoR.

Finally, an important trial to note for multimodality care of renal cell carci-
noma is the PROBE trial, which opened in the NCTN in November 2020 
(NCT04510597). Importantly, for patients with synchronous metastatic RCC and 
intact primary, the CARMENA trial showed that starting sunitinib upfront is non-
inferior to cytoreductive nephrectomy followed by sunitinib. The PROBE trial is 
a phase 3 randomized trial of patients with intact primary and synchronous meta-
static RCC. Patients are randomized to receiving any approved immunotherapy 
combinations or cytoreductive nephrectomy upfront, followed by any of the 
approved immunotherapy combinations.
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 Biomarkers for Immunotherapy in Metastatic Renal 
Cell Carcinoma

With multiple immunotherapy combinations, there is growing need to identify pre-
dictive biomarkers for patients with kidney cancer to select optimal treatment com-
binations and sequential treatments. Based on all first-line phase 3 trials of mRCC 
(Checkmate 214, Keynote 426, IMmotion 151, and JAVELIN Renal 101), PD-L1 
status has not demonstrated a clear predictive response to ICIs. In these trials, the 
PD-L1 positivity has been shown to be more of a poor prognostic indicator than 
predictive of treatment effect, and patients with both PD-L1-negative and PD-L1- 
positive tumors tend to benefit from combination immunotherapy treatments over 
sunitinib. Tumor mutational burden (TMB) is another biomarker that has been used 
in other malignancies as a predictor for response to ICIs, notably gaining a tumor- 
agnostic indication for pembrolizumab in treatment of tumors with TMB greater 
than 10 mutations per megabase (muts/Mb) [38]. However, the tumor mutational 
burden for RCC is overall quite low. From the Memorial Sloan Kettering data, the 
TMB cutoff point for the top 20% of RCC cases was 5.9 muts/Mb, which is quite 
low compared with other tumor types, and suggests that few RCC tumors have 
“high TMB” by standard definitions, and the ICI treatment response likely stems 
from other mechanisms. Therefore, further biomarkers are needed to help guide 
treatment selection.

Notably, molecular classification by transcriptome gene expression can subtype 
RCC tumors, with some subsets of RCC tumors showing treatment response to 
atezolizumab monotherapy or in combination with bevacizumab [39]. Specifically, 
IMmotion 150, a randomized phase 2 trial studying atezolizumab monotherapy or 
combination with bevacizumab versus sunitinib in treatment-naïve metastatic RCC, 
investigated the importance of genes of tumor angiogenesis, pre-existing immunity, 
and immunosuppressive myeloid inflammation on treatment response. The study 
determined that high expression of angiogenic genes was associated with improved 
ORR (46% versus 9%) and PFS (HR 0.31, 95% CI, 0.18–0.55) when compared to 
low angiogenic gene expression. No difference in PFS was observed in the high 
angiogenic gene groups between combination or monotherapy groups and sunitinib. 
Interestingly, the study demonstrated improved PFS in individuals with low angio-
genic gene expression when treated with combination ICI versus sunitinib (HR 
0.59, 95%CI 0.35–0.98). High pre-existing immune response (High Teff) compared 
to low Teff was associated with improved ORR (49% versus 16%) and PFS (HR 
0.50, 95%CI, 0.30–0.86). When compared across treatment groups, high Teff gene 
expression was associated with improved PFS in the combination group compared 
to sunitinib (HR 0.55, 95% CI 0.32–0.95). Further, high myeloid inflammatory gene 
signature (myeloid high) was associated with reduced PFS in the atezolizumab 
monotherapy group (HR 2.98, 95% CI 1.68–5.29) and combination group (HR 
1.71, 95% CI 1.01–2.088). When compared across groups, myeloid high status was 
associated with worse PFS with atezolizumab monotherapy versus sunitinib (HR 
2.03, 95% CI 1.21–3.40). Although still requiring further investigation, this study 
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suggests that clinical benefit from immunotherapy treatments may be predicted by 
classifying genetic profiles with specific focus on tumor angiogenesis, pre-existing 
immunity, and myeloid inflammation.

Subsequently, a recent analysis from the IMmotion 151 trial performed tran-
scriptomic evaluation of 823 tumors from advanced RCC patients and revealed 7 
subtypes of RCC with distinct tumor molecular characteristics [40]. Subtypes were 
characterized by distinct angiogenesis, immune, cell cycle, metabolism, and stro-
mal programs. In particular, clusters 1 (angiogenic/stromal) and 2 (angiogenic) are 
characterized by high angiogenesis with higher stroma-specific expression in clus-
ter 1 and increased catabolic metabolism in cluster 2. Group 3 (complement/oxida-
tion) demonstrated high expression of the complement cascade as well as high 
expression of Ω-oxidation-related genes. In clusters 4, 5, and 6, the cell cycle tran-
scriptional programs are enriched. Specifically, in cluster 4 (t-effector/proliferative), 
there is a strong enrichment in T-effector, JAK/STAT, and interferon-α and 
interferon-ɣ signature, cluster 5 (proliferative) showed a high expression of the 
FAS/pentose phosphate pathway-associated genes, and cluster 6 (stromal/prolifera-
tive) demonstrated high expression of both the epithelial-mesenchymal transition 
(EMT) transcriptional module and the collagen−/fibroblast-associated stromal 
genes. Finally, in cluster 7, high expression of small nucleolar RNA (snoRNA) was 
identified, which is associated with carcinogenesis [41].

The authors evaluated clinical outcomes to atezolizumab plus bevacizumab and 
sunitinib in each cluster. Patients with angiogenic clusters (1 and 2) demonstrated 
longer PFS in both treatment groups, suggesting better outcomes regardless of treat-
ment. Conversely, those in the group 6 (stromal/proliferative) had shorter PFS in 
both groups. When compared across treatment groups, atezolizumab plus bevaci-
zumab demonstrated improved OR rate (52.0% versus 19.4%, p < 0.001) and PFS 
(HR 0.52, 95%CI 0.33–0.92) versus sunitinib in cluster 4 (t-effector/proliferative). 
Similar improved outcomes were seen in cluster 5 (proliferative cluster) and cluster 
7 (snoRNA cluster) [41]. These findings further suggest that molecularly stratifying 
patient tumors may help predict patient response to ICI and antiangiogenic therapies.

Germline HLA-I evolutionary divergence (HED) may also represent a promising 
predictive biomarker for ICI treatment response in mRCC. HED is associated with 
response to ICIs in patients treated for cancer and with the diversity of tumor, viral, 
and human immunopeptidomes [42]. Compared with TMB, which can be challeng-
ing to accurately estimate due to tumor purity or clonal fraction, HED can be reli-
ably inferred from normal tissue DNA sequencing. It is possible that combining 
information of HED with TMB may help us identify patients who are most likely to 
benefit from ICI therapy, but further prospective validation will be needed before 
clinical use of this biomarker [42].

Another gene which initially seemed promising for predicting ICI response is 
PBRM1. PBRM1 mutations occur commonly in RCC, and an initial study demon-
strated better responses and better survival for patients with PBRM1 mutations 
when treated with nivolumab [43]. Specifically, the odds ratio for PBRM1-mutated 
disease among the responders versus the nonresponders was statistically significant 
[9]. However, there were nonresponders to nivolumab who also had the PBRM1 
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mutation, and subsequent analysis did not show that PBRM1 mutations could pre-
dict for treatment response from the combination of atezolizumab and bevacizumab 
[25]. Therefore, PBRM1 mutations cannot be used independently to predict for ICI 
response.

In summary, multiple genomic, transcriptomic, and protein-level biomarkers are 
being explored in mRCC. Ultimately, prospective validation of promising biomark-
ers will help oncologists and patients with treatment selection. Identifying and vali-
dating predictive biomarkers will be necessary for individualizing immunotherapy 
selection and sequencing in the era of precision oncology.

 Conclusions and Multimodality Care in Renal Cell Carcinoma 
in the Immunotherapy Era

The standard of care for patients with mRCC is rapidly changing with multiple 
approvals of immunotherapy agents and combinations. Both first- and second-line 
treatments centered on immunotherapy are becoming mainstays for mRCC treat-
ment. Ongoing clinical questions pertaining to multimodality care include timing of 
cytoreductive nephrectomy for patients who have synchronous metastatic RCC, the 
utility and timing of perioperative immunotherapy treatment, as well as utility and 
timing of radiation therapy. The identification of new predictive markers will also 
play an important role to better understand the tumor microenvironment and guide 
treatment selection. Currently, there is significant investigation into multimodality 
strategies for patients with both mRCC and local RCC in attempts to identify the 
optimal treatment plan for each patient. Surgical and radiation treatment modalities 
will undoubtedly have their roles, and ongoing trials will provide evidence for opti-
mal treatment sequencing.

References

 1. Patel HD, Gupta M, Joice GA, et al. Clinical stage migration and survival for renal cell carci-
noma in the United States. Eur Urol Oncol. 2019;2(4):343–8.

 2. Heng DYC, Xie W, Regan MM, et al. Prognostic factors for overall survival in patients with 
metastatic renal cell carcinoma treated with vascular endothelial growth factor-targeted agents: 
results from a large, multicenter study. J Clin Oncol. 2009;27(34):5794–9.

 3. Frfrs G. Results of treatment of 255 patients with metastatic renal cell carcinoma who received 
high-dose recombinant interleukin-2 therapy. J Clin Oncol. 1995;13(3):688–96.

 4. Fisher RI, Rosenberg SA, Sznol M, Parkinson DR, Fyfe G. High-dose aldesleukin in renal cell 
carcinoma: long-term survival update. Cancer J Sci Am. 1997;3(Suppl 1):S70–2.

 5. Rosenberg SA, Yang JC, White DE, Steinberg SM.  Durability of complete responses in 
patients with metastatic cancer treated with high-dose interleukin-2: identification of the anti-
gens mediating response. Ann Surg. 1998;228(3):307–19.

 6. Schwartz RN, Stover L, Dutcher JP. Managing toxicities of high-dose interleukin-2. Oncology 
(Williston Park). 2002;16(11 Suppl 13):11–20.

G. S. Karachaliou et al.



311

 7. NCCN Guidelines for Treatment of Cancer by Site. National Comprehensive Cancer Network. 
2019;20:2020.

 8. Murphy KA, James BR, Guan Y, Torry DS, Wilber A, Griffith TS. Exploiting natural anti-tumor 
immunity for metastatic renal cell carcinoma. Hum Vaccin Immunother. 2015;11(7):1612–20.

 9. Motzer RJ, Escudier B, McDermott DF, et al. Nivolumab versus everolimus in advanced renal- 
cell carcinoma. N Engl J Med [Internet] 2015;373(19):1803–13. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/26406148.

 10. Motzer RJ, Rini BI, McDermott DF, et al. Nivolumab plus ipilimumab versus sunitinib in first- 
line treatment for advanced renal cell carcinoma: extended follow-up of efficacy and safety 
results from a randomised, controlled, phase 3 trial. Lancet Oncol. 2019;20(10):1370–85.

 11. Albiges L, Tannir NM, Burotto M, et al. Nivolumab plus ipilimumab versus sunitinib for first- 
line treatment of advanced renal cell carcinoma: extended 4-year follow-up of the phase III 
CheckMate 214 trial. ESMO open [Internet]. 2020;5(6):e001079. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/33246931

 12. Rini BI, Plimack ER, Stus V, et al. Pembrolizumab plus axitinib versus sunitinib for advanced 
renal-cell carcinoma. N Engl J Med. 2019;380(12):1116–27.

 13. Powles T, Plimack ER, Soulières D, et  al. Pembrolizumab plus axitinib versus sunitinib 
monotherapy as first-line treatment of advanced renal cell carcinoma (KEYNOTE-426): 
extended follow-up from a randomised, open-label, phase 3 trial. Lancet Oncol [Internet]. 
2020;21(12):1563–73. Available from: http://www.ncbi.nlm.nih.gov/pubmed/33284113.

 14. Plimack ER, Rini BI, Viktor Stus V, et al. Pembrolizumab plus axitinib versus sunitinib as first- 
line therapy for advanced renal cell carcinoma (RCC): updated analysis of KEYNOTE-426. J 
Clin Oncol. 2020;38:15_suppl.5001.

 15. Choueiri TK, Apolo AB, Powles T, et al. A phase 3, randomized, open-label study of nivolumab 
combined with cabozantinib vs sunitinib in patients with previously untreated advanced or 
metastatic renal cell carcinoma (RCC; CheckMate 9ER). J Clin Oncol. 2018;36:15_suppl.
TPS4598.

 16. Wang C, Thudium KB, Han M, et  al. In vitro characterization of the anti-PD-1 antibody 
nivolumab, BMS-936558, and in vivo toxicology in non-human primates. Cancer Immunol 
Res. 2014;2(9):846–56.

 17. Ribas A, Wolchok JD.  Cancer immunotherapy using checkpoint blockade. Science. 
2018;359(6382):1350–5.

 18. Apolo AB, Nadal R, Girardi DM, et al. Phase I study of cabozantinib and nivolumab alone 
or with Ipilimumab for advanced or metastatic urothelial carcinoma and other genitourinary 
tumors. J Clin Oncol. 2020;38(31):3672–84.

 19. Apolo AB, Nadal R, Tomita Y, et  al. Cabozantinib in patients with platinum-refractory 
metastatic urothelial carcinoma: an open-label, single-centre, phase 2 trial. Lancet Oncol. 
2020;21(8):1099–109.

 20. Choueiri TK, Powles T, Burotto M, et al. Nivolumab plus cabozantinib versus sunitinib for 
advanced renal-cell carcinoma. N Engl J Med [Internet] 2021;384(9):829–41. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/33657295.

 21. Motzer RJ, Penkov K, Haanen J, et al. Avelumab plus axitinib versus sunitinib for advanced 
renal-cell carcinoma. N Engl J Med. 2019;380(12):1103–15.

 22. Choueiri TK, Motzer RJ, Rini BI, et al. Updated efficacy results from the JAVELIN renal 101 
trial: first-line avelumab plus axitinib versus sunitinib in patients with advanced renal cell 
carcinoma. Ann Oncol Off J Eur Soc Med Oncol. 2020;31(8):1030–9.

 23. Motzer R, Alekseev B, Rha S-Y, et  al. Lenvatinib plus Pembrolizumab or Everolimus for 
advanced renal cell carcinoma. N Engl J Med [Internet] 2021;Available from: http://www.
ncbi.nlm.nih.gov/pubmed/33616314.

 24. Grünwald V, Powles T, Choueiri TK, et  al. Lenvatinib plus everolimus or pembrolizumab 
versus sunitinib in advanced renal cell carcinoma: study design and rationale. Future Oncol. 
2019;15(9):929–41.

 25. Rini BI, Powles T, Atkins MB, et  al. Atezolizumab plus bevacizumab versus sunitinib in 
patients with previously untreated metastatic renal cell carcinoma (IMmotion151): a mul-

15 Immunotherapy

http://www.ncbi.nlm.nih.gov/pubmed/26406148
http://www.ncbi.nlm.nih.gov/pubmed/26406148
http://www.ncbi.nlm.nih.gov/pubmed/33246931
http://www.ncbi.nlm.nih.gov/pubmed/33246931
http://www.ncbi.nlm.nih.gov/pubmed/33284113
http://www.ncbi.nlm.nih.gov/pubmed/33657295
http://www.ncbi.nlm.nih.gov/pubmed/33616314
http://www.ncbi.nlm.nih.gov/pubmed/33616314


312

ticentre, open-label, phase 3, randomised controlled trial. Lancet (London, England). 
2019;393(10189):2404–15.

 26. Rini BI, Motzer RJ, Powles T, et  al. Atezolizumab plus bevacizumab versus sunitinib for 
patients with untreated metastatic renal cell carcinoma and sarcomatoid features: a prespeci-
fied subgroup analysis of the IMmotion151 clinical trial. Eur Urol. 2020;

 27. Tannir NM, Signoretti S, Choueiri TK, et al. Efficacy and safety of nivolumab plus ipilimumab 
versus sunitinib in first-line treatment of patients with advanced sarcomatoid renal cell carci-
noma. Clin Cancer Res. 2021;27(1):78–86.

 28. Hwang JK, Agarwal N, Brugarolas J, Zhang T. Checking the hippo in sarcomatoid renal cell 
carcinoma with immunotherapy. Clin Cancer Res. 2021;27(1):5–7.

 29. Chowdhury N, Drake CG. Kidney cancer: an overview of current therapeutic approaches. Urol 
Clin North Am. 2020;47(4):419–31.

 30. Bex A, Russo P, Yoshihiko Tomita Y, et al. A phase III, randomized, placebo-controlled trial 
of nivolumab or nivolumab plus ipilimumab in patients with localized renal cell carcinoma 
at high-risk of relapse after radical or partial nephrectomy (CheckMate 914). J Clin Oncol. 
2020;38:15_suppl.TPS5099.

 31. Choueiri TK, Quinn DI, Zhang T, et  al. KEYNOTE-564: a phase 3, randomized, double 
blind, trial of pembrolizumab in the adjuvant treatment of renal cell carcinoma. J Clin Oncol. 
2018;36:15_suppl.TPS4599.

 32. Choueiri TK, Tomczak P, Park B, et al. Adjuvant pembrolizumab after nephrectomy in renal 
cell carcinoma. N Engl J Med. 2021;385:683–94.

 33. Zhang T, Hwang JK, George DJ, Pal SK.  The landscape of contemporary clinical tri-
als for untreated metastatic clear cell renal cell carcinoma. Cancer Treat Res Commun. 
2020;24:100183.

 34. Haas NB, Puligandla M, Allaf ME, et al. versus observation in patients with renal cell carci-
noma (RCC) undergoing nephrectomy (ECOG-ACRIN EA8143). J Clin Oncol. 2020;38:15_
suppl.TPS5101.

 35. Zhang T, Ballman KV, Choudhury AD, et  al. PDIGREE: an adaptive phase III trial of 
PD-inhibitor nivolumab and ipilimumab (IPI-NIVO) with VEGF TKI cabozantinib (CABO) 
in metastatic untreated renal cell cancer (Alliance A031704). J Clin Oncol. 2020;38:15_suppl.
TPS5100.

 36. Choueiri TK, Albiges L, Powles T, et al. A phase III study (COSMIC-313) of cabozantinib 
(C) in combination with nivolumab (N) and ipilimumab (I) in patients (pts) with previously 
untreated advanced renal cell carcinoma (aRCC) of intermediate or poor risk. J Clin Oncol. 
2020;38:6_suppl.TPS767.

 37. Tannir NM, Agarwal N, Pal SK, et al. PIVOT-09: a phase III randomized open-label study 
of bempegaldesleukin (NKTR-214) plus nivolumab versus sunitinib or cabozantinib 
 (investigator’s choice) in patients with previously untreated advanced renal cell carcinoma 
(RCC). J Clin Oncol. 2020;38:6_suppl.TPS763.

 38. Samstein RM, Lee C-H, Shoushtari AN, et al. Tumor mutational load predicts survival after 
immunotherapy across multiple cancer types. Nat Genet. 2019;51(2):202–6.

 39. McDermott DF, Huseni MA, Atkins MB, et al. Clinical activity and molecular correlates of 
response to atezolizumab alone or in combination with bevacizumab versus sunitinib in renal 
cell carcinoma. Nat Med. 2018;24(6):749–57.

 40. Motzer RJ, Banchereau R, Hamidi H, et al. Molecular subsets in renal cancer determine out-
come to checkpoint and angiogenesis blockade. Cancer Cell. 2020;38(6):803–817.e4.

 41. Braicu C, Zimta A-A, Harangus A, et al. The function of non-coding RNAs in lung cancer 
tumorigenesis. Cancers (Basel). 2019;11(5)

 42. Chowell D, Krishna C, Pierini F, et  al. Evolutionary divergence of HLA class I genotype 
impacts efficacy of cancer immunotherapy. Nat Med. 2019;25(11):1715–20.

 43. Miao D, Margolis CA, Gao W, et al. Genomic correlates of response to immune checkpoint 
therapies in clear cell renal cell carcinoma. Science. 2018;359(6377):801–6.

G. S. Karachaliou et al.



313© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2022
K. L. Stratton, A. K. Morgans (eds.), Urologic Oncology, 
https://doi.org/10.1007/978-3-030-89891-5_16

Chapter 16
Evolving Treatment in Non-muscle- 
Invasive Bladder Cancer

Benjamin M. Eilender, Andrew B. Katims, John L. Pfail, and John Sfakianos

 Introduction

Bladder cancer is the fifth most common malignancy in the United States with an 
estimated 81,400 new cases in 2020. This represents 4.5% of all new cancer cases 
in the United States. There was an estimated 17,980 deaths in the United States 
attributed to bladder cancer in 2020, which equates to 3.0% of all cancer-related 
deaths during this period [1, 2]. Non-muscle-invasive bladder cancer (NMIBC) is 
defined as malignancy of the bladder without invasion of the detrusor muscle layer 
of the bladder and possibly the deeper layers. NMIBC accounts for approximately 
70–80% of new bladder cancer diagnosis and includes Ta, T1, and carcinoma in situ 
(CIS) disease stages [3]. NMIBC encompasses a wide range of disease pathology, 
ranging from low-grade, superficial cancer with a relatively benign disease process 
to a potentially very aggressive invasive cancer. Overall, the cancer-specific survival 
(CSS) for NMIBC at 15 years is as high as 85%, which is significantly higher than 
that of muscle-invasive bladder cancer (MIBC) [4]. The range of treatment options 
for patients with NMIBC continues to evolve with the improvement in understand-
ing of the disease process. Yet, effective treatment of NMIBC still presents a sub-
stantial challenge for clinicians and financial burden on the US healthcare system.

This chapter will first touch upon the tumor genetics, biology, and risk stratifica-
tion of NMIBC.  Then, the focus will shift to the various treatment options for 
NMIBC, beginning with endoscopic surgical management of NMIBC and surveil-
lance of the disease. Further treatment with intravesical chemotherapies and immu-
notherapies which are currently being used and trialed will then be discussed. 
Emerging therapies with the latest areas of focus in treatment for NMIBC including 
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gene therapy, viral therapy, and enhanced chemotherapies with their relevant studies 
are included. Finally, the chapter concludes with surveillance protocols and the role 
for early cystectomy in patients with NMIBC.

 Tumor Biology, Genetics, and Risk Stratification

 Tumor Biology and Genetics

The understanding of NMIBC tumor genetics, grading, and staging is essential for 
full comprehension of the disease. The pathologic grading system created by the 
World Health Organization (WHO) and the International Society of Urologic 
Pathology (ISUP) in 1998 for urothelial carcinoma (UC) of the bladder is accepted 
as the gold standard for classification for Ta and T1 UC tumors. This classification 
system includes the full range of non-muscle-invasive bladder tumors including 
hyperplastic regions (flat and papillary), flat lesions with atypia (carcinoma in situ 
(CIS)), dysplasia and reactive atypia, and noninvasive papillary neoplasms (papil-
loma, papillary carcinoma of varying grades, and papillary neoplasm of low malig-
nant potential (PUNLMP)) [5, 6]. Broadly, NMIBC can be divided into two groups, 
low-grade or high-grade tumors [7]. Pathological grading, low-grade versus high- 
grade, continues to be the most significant prognostic factor when evaluating 
NMIBC. Low-grade versus high-grade NMIBC urothelial carcinoma can be dichot-
omized into two distinct disease processes, based on different tumor behavior, 
genetic mutations, tumor development, and treatment options [8]. Low-grade, non-
invasive, papillary tumors tend to follow the tumorigenesis cascade of either a loss 
of heterozygosity of parts of chromosome 9, oncogenic mutations that lead to the 
overexpression of fibroblast growth factor 3 (FGFR3), or increased expression of 
the RAS pathway [9]. The tumorigenesis pathway of higher-grade urothelial carci-
noma, including disease variants such as CIS, T1, and muscle-invasive bladder can-
cer (MIBC), often involves chromosomal aneuploidy, especially chromosomes 7, 9, 
and 17 and/or increased expression of pRb, p53, and/or p21 [10–13]. It is important 
to understand differences in NMIBC tumor tumorigenesis characteristics and path-
ways when exploring potential pathways to target for treatment options.

 Risk Stratification

Risk stratification for NMIBC holds significant predictive implications for disease 
characteristics and therefore dictates therapeutic options offered to patients. The 
European Organization for Research and Treatment of Cancer (EORTC) risk calcu-
lator is a frequently used tool to predict Ta/T1 NMIBC disease recurrence and pro-
gression at 1 and 5 years. The EORTC nomogram looks at number of tumors, tumor 
size, Ta vs T1 disease, CIS prevalence, and presence of previously documented 
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disease recurrence with recurrence frequency [14]. Although frequently used, there 
are limitations to the EORTC tool, including lack of real-life applicability to more 
recent patient groups who have received intravesical chemotherapy, immunother-
apy, or restaging TURBT [15]. The American Urological Association (AUA) and 
Society of Urologic Oncology (SUO) have developed a risk stratification system to 
divide patients with NMIBC urothelial carcinoma into low-risk, intermediate-risk, 
and high-risk disease. Low-risk NMIBC is classified as any low-grade, Ta, solitary 
urothelial carcinoma growth ≤3 cm, or papillary urothelial neoplasm of low malig-
nant potential. Intermediate-risk disease includes low-grade Ta solitary lesion 
greater than 3 cm, multifocal low-grade Ta disease, low-grade Ta with recurrence 
within 1 year, high-grade Ta ≤ 3 cm, or low-grade T1 disease. High-risk NMIBC 
includes high-grade T1, recurrent high-grade Ta, CIS, variant histology, any BCG 
failure in a high-grade patient, any presence of lymphovascular invasion or high- 
grade prostatic urethral involvement, high-grade Ta > 3 cm, and/or multifocal high- 
grade Ta [15] (Table 16.1).

Summary
• The term NMIBC encompasses any variant of bladder cancer that does not 

invade into the muscular layer.
• Pathologically, NMIBC can be subdivided into low-grade or high-grade disease.
• Low-grade and high-grade NMIBC follow different tumorigenesis pathways.
• The AUA and SUO risk-stratify NMIBC into low-risk, intermediate-risk, and 

high-risk disease, which is important when determining treatment options for 
patients.

 Endoscopic/Cystoscopic Treatment and Management

Endoscopic management is the mainstay treatment option for NMIBC.  Patients 
referred to urologists for suspicion of bladder tumor should undergo some form of 
cystoscopy. Cystoscopy allows for direct visualization of the bladder and allows for 
identification of potential bladder tumor(s) while concurrently assessing the num-
ber, size, and location of tumor(s) prior to attempted surgical resection.

 Transurethral Resection of Bladder Tumor (TURBT)

Transurethral resection of bladder tumor (TURBT) is the most important first step 
in management of bladder cancer, for both NMIBC and muscle-invasive bladder 
cancer (MIBC). It provides diagnostic, both pathologic and staging, and therapeutic 
utility to the patient. The goal of original TURBT is to remove all visible tumor if 
possible, as the presence of residual bladder tumor after original TURBT is associ-
ated with higher risk of neoplasm recurrence [16]. Before beginning the resection, 
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NMIBC Risk-stratification based on
AUA/SUO Classification

Intermediate-risk High-riskLow-risk

Low-grade
solitary Ta ≤3

cm

Papillary
urothelial

neoplasm of
low malignant

potential

Low-grade
T1, multifocal
low-grade Ta

High-grade Ta 
≤3 cm

Solitary
low-grade Ta

>3cm

Recurrence <
1yr,

Low-grade Ta

CIS, variant
histology,

lymphovascular
invasion

High-grade
T1

Recurrent
high-grade

Ta, high grade
Ta >3cm or
multifocal

BCG failure in
high-grade

High-grade
prostatic
urethral

involvement

Table 16.1 Risk stratification of NMIBC based on AUA/SUO classification system
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it is imperative to do a bimanual exam to assess for any palpable masses or a fixed 
bladder to assess clinical staging. While performing a TURBT, it is important to 
note the number and size of lesions, the gross appearance of the tumor, and involve-
ment of critical structures including the trigone, ureteral orifices, or prostatic urethra 
[17]. Both bipolar and monopolar electrocautery are acceptable options for TURBT 
of NMIBC as there is no statistically significant difference between the two in terms 
of disease recurrence or risk of bladder perforation, although bipolar TURBT is 
associated with decreased resection time, need for blood transfusion, risk of TUR 
syndrome, and length of hospital stay postoperatively and is therefore more com-
monly used in clinical practice today [18, 19].

Achieving a complete resection of all visible bladder tumor on original TURBT 
can be technically very challenging. There are many surgical techniques that can be 
used to achieve this. One preferred method is the complete en bloc resection of the 
bladder tumor(s) (EBR). EBR involves complete resection of the tumor in one con-
tinuous resection bite instead of multiple smaller resections to achieve the same end 
point, compared to a fragmented resection. Ideally, the EBR also involves normal 
tissue at the ends of the specimen to assess for negative tumor margins when assess-
ing for complete resection of tumor [20]. This approach provides a high-quality 
specimen with less electrocautery artifact with no difference in recurrence rates 
compared to non-EBR. But this technique can be limited by factors such as tumor 
size, location, and surgeon experience [21]. Further, laser EBR is a feasible and safe 
option and has been funded to be equally effective in terms of tumor excision and 
recurrence rates compared to resection with electrocautery [21].

Tumor location plays a key role in successful resection, with those located on the 
anterior bladder wall or dome often presenting more difficulties for the surgeon to 
reach when resecting. Often, one must apply abdominal pressure while limiting 
hydrodistension to get these anterior/dome tumors within distance to resect. Tumors 
in bladder diverticulum can also present challenges to the surgeon with innately no 
muscular layer present in this area of tissue. If concerned for bladder perforation 
from extensive resection, the surgeon should terminate the procedure and also stop 
filling the bladder. If an extraperitoneal perforation, often this can be treated conser-
vatively with a large Foley catheter postoperatively. If an intraperitoneal bladder 
injury occurs, cystorrhaphy should be performed, in addition to placement of a large 
catheter. If extensive resection is performed and there is any concern for bladder 
perforation, no intravesical immunotherapy or chemotherapy should be instilled 
[22]. Close attention must also be paid while removing tumors on or near the ure-
teral orifices. Resecting near or at the distal ureter can cause acute obstruction to the 
renal unit or the potential refluxing of malignant cells into the upper tract. Because 
of this, one should only use the cutting function rather than coagulation while near 
a ureteral orifice and may leave a stent postoperatively if concerned for damage [5].

A complete resection should be performed at original TURBT. Regardless if all 
visible tumor is able to be resected at original TURBT, inclusion of the detrusor 
muscle layer must be involved during this first resection to ensure proper staging 
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and to determine next steps of management. Often, for original resections where 
muscle is not present in the specimen, complete surgical resection is not achievable, 
or in the case of documented NMIBC on original resection that demonstrates high- 
grade T1 disease, it is necessary to perform repeat TURBT within 4–6 weeks from 
the primary tumor resection. Repeat TURBT for original resection showing T1 
NMIBC within 4–6 weeks can lead to upstaging to MIBC and/or the discovery of 
new pathologic adverse risk factors in a significant number of patients. In patients 
with NMIBC with muscle present in original specimen, upstaging to MIBC occurred 
2–28% of the time with repeat resection, while upstaging to MIBC from non- 
muscle- invasive disease can be seen in as high as 49% of repeat TURBTs in patients 
who have no muscle present in original sample [23, 24]. Other studies have shown 
that restaging TURBT in patients with high-risk non-muscle-invasive disease pro-
vides an improved tumor initial response rate to intravesical BCG therapy when 
compared to patients who underwent BCG without restaging resection. In one 
study, in the re-resection plus BCG group, 29% of patients had residual/recurrent 
tumor and 7% with disease progression at first follow-up surveillance cystoscopy, 
compared to 57% and 34%, respectively, in the group that did not undergo restaging 
TURBT [25]. In patients with persistent T1 NMIBC on original and restaging 
TURBT, the risk of eventual progression to T2 or muscle-invasive disease in the 
future can be as high to 80% [26].

Bladder biopsy followed by fulguration of suspicious lesions is another method 
of endoscopic management used in clinical practice for diagnosis and management 
of NMIBC. Biopsies can be focused, on areas of erythema or irregularity, when 
concerned for carcinoma in situ (CIS) or other suspicious looking tissue, or dis-
persed, truly random biopsies across the bladder, in patients deemed high risk for 
invasive disease, for example, patients with positive cytology but no visible lesions 
on cystoscopy. Some studies have shown very low yield to finding any additional 
form of NMIBC in true random biopsies, with only 8% of patients undergoing ran-
dom biopsies being positive for malignancy. But these random samplings may be 
more useful in patients with positive high-grade cytology or in the presence of mul-
tifocal broad-based papillary tumors [27]. The current AUA guidelines do not rec-
ommend performing random bladder biopsies in patients at low risk for developing 
invasive urothelial carcinoma. There is no consensus if bladder biopsies are war-
ranted in patients at high risk for developing muscle-invasive disease. Prostatic ure-
thral biopsies or tissue sampling can also be considered if concerned for involvement 
of the prostatic urethra or to ensure negative distal margins of the bladder, especially 
if eventual orthotopic urinary diversion may be considered. But this must be weighed 
against the potential harm of seeding bladder tumor into prostatic urethra in patients 
with no known disease in the prostate and documented malignancy in the bladder [5].

There are several newer enhanced cystoscopy techniques that allow for better 
detection of intravesical tumors. Blue light cystoscopy (BLC) incorporates cystos-
copy in combination with injection of 5-aminolevulenic acid (5-ALA) or hexami-
nolevulinate into the bladder which selectively enters the cytoplasm of abnormal 
urothelial cells and appears red under blue fluorescent light [28]. Studies have 
shown improved detection of CIS, superficial papillary tumors, and dysplasia with 
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blue light technology and therefore decreased residual tumor rates and increased 
recurrence-free survival, when compared to the use of the regular white light cystos-
copy (WLC). One phase 3 controlled study demonstrated 96% overall tumor detec-
tion with BLC, in comparison to 77% with standard WLC. In the subgroup analysis, 
BLC significantly outperformed WLC in detecting CIS (95% versus 68%) and dys-
plasia of the urothelium (93% versus 48%) [29, 30]. Narrowband imaging (NBI) is 
another advanced cystoscopic tool that can be offered for better detection of CIS 
and papillary tumors. NBI uses precise wavelengths of light that are better absorbed 
by hemoglobin, compared to WLC, and translates into better visualization of vascu-
larity seen with neoplasms in the bladder. There is varying information as to the 
efficacy of NBI compared to the standard WLC. Many studies have shown increased 
detection of CIS with a significant decrease in cancer recurrence rates with NBI 
compared to WLC [31]. However, other literature shows no statistically significant 
difference in disease recurrence rates after transurethral resection between NBI and 
WLC groups [32, 33]. Overall, these more sensitive cystoscopy methods should be 
considered in patients with NMIBC to better detect tumor and allow for more com-
plete resection.

Summary
• TURBT is the first step in management of NMIBC and provides both diagnostic 

and therapeutic utility to the clinician.
• Complete resection of tumor should be performed at original TURBT.  Often 

there are technical challenges that can make complete resection difficult, based 
on tumor burden and location of tumor.

• Repeat TURBT showing non-muscle-invasive disease should be performed 
within 6 weeks of original resection.

• Enhanced cystoscopy techniques may be helpful in identifying tumors hard to 
see on regular white light cystoscopy.

 Surveillance

Surveillance cystoscopy, urine cytology, urinary biomarkers, and upper tract imag-
ing are the key modalities used to monitor disease recurrence and possible progres-
sion of NMIBC.  Surveillance schedules should be determined based on risk 
stratification of a given patient. Patients are categorized into low-risk, intermediate- 
risk, or high-risk NMIBC as determined by AUA/SUO NMIBC guidelines which 
were previously described in Sect. 14.2 of this chapter [5, 15]. After initial treatment 
of patient with NMIBC, it is recommended for first surveillance cystoscopy to be 
within 3–4  months of original treatment. Low-risk patients with a negative first 
surveillance cystoscopy and in the absence of symptoms should be offered repeat 
cystoscopy at 6–9 months after first surveillance and annually thereafter for 5 years. 
At 5 years, if still no evidence of disease, patients and their urologist should undergo 
a shared decision-making process as to whether to continue forward with 
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surveillance cystoscopies. If a low-risk Ta patient does have a solitary <1 cm papil-
lary lesion seen on cystoscopy, the urologist may offer office fulguration instead of 
full TURBT.  Upper tract imaging and cytology in these low-risk, asymptomatic 
patients without hematuria are not recommended. For intermediate-risk patients 
with a first negative surveillance cystoscopy at 3–4 months, urologists should per-
form repeat cystoscopy and urine cytology every 3–6  months for 2  years, every 
6–12 months for years 3 and 4, and then annually every year after that. High-risk 
patients should undergo cystoscopy, cytology, and possible tumor markers every 
3–4 months for years 1 and 2, every 6 months for years 3 and 4, and annually after 
that. For both intermediate- and high-risk patients, upper tract imaging should be 
considered every 1–2 years as part of upper tract surveillance [15]. If tumor recur-
rence does occur during the surveillance schedule described above, there is a restart 
of the timeline beginning with the latest recurrence as time zero (Table 16.2).

Factors that must be considered when placing a patient on a surveillance sched-
ule for NMIBC in addition to risk category include likelihood for patient to adhere 
to protocols; patient’s life expectancy, including overall medical comorbidities; and 
overall functional status [34]. One study showed that only about 40% of patients 
followed standardized surveillance protocols, with patients who were elderly, non- 
white, and with significant other comorbidities and favorable disease pathology 
being associated with a decrease in compliance with surveillance scheduling [35]. 
Adding to this problem is the ongoing poor compliance of physicians to guidelines 
for NMIBC. Though 82% of physicians would perform surveillance cystoscopy, 
less than 50% of physicians follow treatment guidelines in terms of intravesical 
therapy, repeat TURBT, and early cystectomy [36]. Although repeat cystoscopies 
are considered to be bothersome to many patients, one study shows that unless a less 

Low-risk
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Table 16.2 Recommended surveillance schedule for NMIBC
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invasive test was as sensitive for picking up disease recurrence as cystoscopy, 
patients would not replace regular cystoscopies with a less invasive test such as 
urinary biomarkers [37].

Microscopic evaluation by a pathologist of urine cytology specimens plays a 
crucial and noninvasive role as an adjunctive test in surveillance protocols for 
patients with NMIBC. Urine cytology has a high specificity, in some studies up to 
90%, but lower sensitivity, between 15 and 30%, especially in lower-grade UC 
tumors [5, 38]. Furthermore, there are newer tumor markers developed recently to 
supplement or replace the conventional urine cytology test. Some of the more fre-
quently used urine tumor markers used include Immunocyst, NMP22 BladderChek, 
UroVysion, BTA stat, and BTA TRAK. Although many of the biomarkers listed 
above have shown promise, many with higher sensitivities compared to standard 
urine cytology, there is a lack of high-quality evidence, which has prevented many 
of these from being regularly implemented into practice guidelines [39]. The nonin-
vasive urine monitoring test, Cxbladder Monitor, has shown utility to use in confir-
mation with a negative cystoscopy to rule out recurrent UC disease. In direct 
comparison to other noninvasive urinary monitoring tests including UroVysion 
FISH and NMP22 BladderChek, Cxbladder Monitor outperformed both in terms of 
sensitivity and negative predictive value [40]. Overall, the AUA guidelines do not 
recommend using biomarkers in place of cystoscopy and also recommend against 
using biomarkers, just as with cytology, in patients with low-risk disease and nega-
tive cystoscopy. Urinary biomarkers may be used in patients to assess response to 
intravesical treatment for NMIBC or to assist when urine cytology is indetermi-
nate [15].

Upper tract disease monitoring is the final component of surveillance in 
NMIBC. Although early literature suggested the prevalence of upper tract urothelial 
carcinoma (UTUC) after primary bladder malignancy was in the range of 2–7%, 
other studies have shown the presence of UTUC in this patient population is less 
than 1%. Factors that independently led to increased occurrence of upper tract 
tumors include primary bladder tumors that are high grade, have CIS features, or are 
located in close proximity to the ureteral orifices [41]. As mentioned above, this 
explains why current AUA guidelines caution against upper tract imaging in low- 
risk patients without hematuria or other symptoms while recommending upper tract 
imaging in intermediate-risk and high-risk patients every 1–2 years [15]. Options 
for upper tract imaging include computed tomography urography (CTU), magnetic 
resonance urography (MRU), renal bladder ultrasound (RBUS), or retrograde ure-
teropyelogram. Selective cytology is a strategy implemented by some to monitor for 
isolated positive urine cytology of the upper tracts in surveillance of NMIBC. Though 
much of the literature demonstrates that with a history of superficial NMIBC and an 
absence of upper tract filling defects seen on imaging, it may not be beneficial to 
obtain selective cytologies [42]. Although uncommon in patients with NMIBC, 
those who do develop upper tract disease tend to have poor outcomes with high rates 
of mortality.
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Summary
• Cystoscopy, urine cytology, upper tract imaging, and tumor biomarkers can all 

be used for surveillance of NMIBC.
• Surveillance schedules should be determined based on patient’s risk stratification 

category (low vs intermediate vs high).
• For every disease recurrence, surveillance schedules should be restarted from 

time zero.
• Following regular, recommended surveillance cystoscopies and imaging can 

present challenges for both physician and patient.

 Intravesical BCG

In addition to surgical resection, immunotherapy, particularly bacillus Calmette- 
Guerin (BCG), is an important treatment option for those harboring NMIBC [43]. 
With the advent of BCG, bladder cancer was one of the earliest cancers in which 
immunotherapy was employed.

 Bacillus Calmette-Guerin (BCG)

BCG was first shown to prevent the growth of tumors in animal models by Old et al. 
in 1959 and was first used in humans in 1976 for treatment of recurrent superficial 
bladder tumors [44, 45]. Intravesical instillation of BCG remains the gold standard 
for patients with either intermediate- or high-risk NMIBC [46, 47].

 Mechanism of Action

The exact mechanism of action of BCG in its ability to treat bladder cancer is not 
fully understood. However, the effect of BCG on stimulation of the immune system 
is well recognized [48]. A tentative model of the mechanism of action of BCG in 
bladder cancer begins with the attachment of live BCG to the urothelium followed 
by internalization of BCG by bladder cancer cells. In response to internalization of 
BCG, bladder cancer cells upregulate expression of MHC class II and ICAM-1 and 
secrete various cytokines. Th1 cytokines (IL-2, tumor necrosis factor, IL-12, and 
IFN-γ) and Th2 cytokines (IL-4, IL-5, IL-6, and IL-10) along with IL-8 and IL-17 
are all involved. Cytotoxicity to bladder cancer cells proceeds through activation of 
natural killer cells and secretion of tumor necrosis factor-related apoptosis-induc-
ing ligand (TRAIL) by polymorphonuclear cells and macrophages. Additionally, 
direct cytotoxicity by BCG might also have a role in recruitment of immune 
cells [49].

B. M. Eilender et al.



323

 Induction and Maintenance Regimens

Induction with BCG is typically started 2–4 weeks after TURBT to allow for re- 
epithelialization of the bladder and reduce the potential for systemic absorption. In 
the absence of an infection or traumatic catheter placement, reconstituted BCG 
powder in 50 mL of saline is administered through a urethral catheter and held in 
place for 1 to 2  hours. Limiting fluids and diuretics 2  hours prior to instillation 
allows for ease of retention. There has been no evidence to support patients turning 
from side to side to coat the entire urothelium, though some clinicians still advocate 
for this practice [50, 51].

The optimal treatment schedule for BCG is yet to be established. All patients 
treated with BCG should undergo a 6-week induction course, though induction 
alone is likely insufficient to gain an optimal response [22]. Traditional maintenance 
therapy includes 3 weekly instillations after induction at 3 and 6 months and then 
every 6 months. However, most patients in the trial developing the aforementioned 
schedule were unable to complete the goal of 3 years of maintenance due to side 
effects, and given the benefit in recurrence-free survival, maximum therapeutic 
effect may be seen at an earlier date [52].

The AUA recommends considering BCG maintenance therapy for up to 1 year 
for intermediate-risk patients who have complete response to induction and con-
tinuation up to 3 years for high-risk patients, as tolerated [22].

 Risks/Adverse Reactions

In general, BCG is fairly well tolerated but rarely can be fatal, which must be a 
consideration to its clinical use [53]. Fatalities from disseminated BCG are most 
common in immunocompromised patients; therefore, systemic conditions or phar-
macotherapies that interfere with the immune system must be considered prior to 
initiating therapy. However, more commonly, BCG produces irritating lower uri-
nary tract symptoms, such as frequency and dysuria, which are often limited to a 
few days following treatment. Less common manifestations of BCG toxicity (occur-
ring in less than 5% of cases) include fever, significant hematuria, prostatitis, 
arthralgia, epididymitis, sepsis, rash, and renal abscess [50].

Side effects, toxicity, and adverse reactions can be divided into three grade 
categories.

Grade 12 includes moderate symptoms for <48  hours. This includes mild or 
moderate irritative voiding symptoms, hematuria, or fever <38.5 °C. Clinicians can 
consider sending a urine culture to rule out bacterial infection. Management should 
be based on symptom management and can include nonsteroidal anti-inflammatory 
drugs, anticholinergics, and antispasmodics. If these symptoms last longer than 
48 hours, or become severe, patients are upgraded to grade 2 and require more sig-
nificant intervention. Patients should be worked up with a urine culture, chest X-ray, 
and liver function tests. Management should include local symptoms management 
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as per grade 1 recommendations, treatment of urine culture if appropriate, and ini-
tiation of oral isoniazid and rifampin until symptoms resolve. Vitamin B6 or pyri-
doxine should be given with these medications.

Grade 3 toxicity includes severe systemic reactions that can be life threatening. 
The treatment and work-up for grade 1 and 2 reactions should be initiated. These 
patients should also be assessed for solid organ involvement. Infectious disease con-
sultation is recommended. Prednisone may be added if there are signs of septic 
shock [5, 54].

 BCG Failure

Despite a response seen in more than 60% of patients treated with intravesical BCG, 
BCG-unresponsive patients are left with limited options [55]. Poor prognostic fac-
tors associated with disease progression and/or treatment unresponsiveness after 
intravesical BCG include female gender, higher-grade tumors, presence of CIS, and 
increased multiplicity of tumors [56]. BCG unresponsiveness indicates a patient 
must have either [1] persistent or recurrent CIS alone or with recurrent Ta/T1 dis-
ease within 12 months of completion of adequate BCG therapy; [2] recurrent high- 
grade Ta/T1 disease within 6 months of completion of adequate BCG therapy; or [3] 
T1 high-grade disease at the first evaluation following an induction BCG course 
[57]. Current AUA/SUO guidelines recommend these patients undergo radical cys-
tectomy, which will be discussed later in this chapter [58, 59]. Figure 16.1 shows 
treatment options for patients who fall into the BCG failure category.

Summary
• Intravesical BCG is a mainstay of treatment for NMIBC.
• An induction course of BCG is usually started within weeks following TURBT 

and should last for 6 weeks.
• Maintenance intravesical BCG entails 3 weekly instillations starting 3 months 

after induction BCG and then goes to every 6 months, with 3 weekly instilla-
tions, after that.

• BCG adverse side effects can be divided into grade 1, grade 2, and grade 3.
• Although intravesical BCG works for many patients with NMIBC, BCG failure 

does occur. Treatment options after BCG failure are listed in Fig. 16.1.

 Intravesical Chemotherapy

 Chemotherapy Post-TURBT

Instillation of intravesical chemotherapy after resection of NMIBC has been well 
established to reduce the rate of recurrence. As early as 1981, a trial of Adriamycin 
after TURBT showed a significant decrease in recurrence, with 72% of patients 
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having a reduction in the number of recurrent papillomas after a single instillation 
compared to 39% in the control group for Ta or T1 disease [60]. Immediate instilla-
tion, within 24 hours of resection, is thought to prevent recurrence by destruction of 
free-circulating tumor cells after resection prior to implantation, or by destruction 
of small tumors at the resection site [61, 62]. There can be adherence of free tumor 
cells to the bladder wall within 1  hour of resection with a maximum time of 
24 hours [63].

A single instillation of intravesical chemotherapy within 24 hours of TURBT is 
recommended by the AUA, European Association of Urology (EAU), and National 
Comprehensive Cancer Network (NCCN) [22, 46, 64]. Gemcitabine, mitomycin C 
(MMC), epirubicin, and pirarubicin have all been shown to be efficacious in 
placebo- controlled trials to significantly reduce the risk of recurrence and prolong 
recurrence-free survival, particularly for low-grade tumors [65–67]. Yet, there is a 
lack of efficacy in patients at high-risk for recurrence, for example, patients with 
more than one recurrence per year [68]. There are no head-to-head trials comparing 
these agents.

A meta-analysis among all intravesical agents found that instillation within 
24 hours of TURBT prolonged recurrence-free survival by 38% [69]. Intravesical 
chemotherapy after TURBT is generally well tolerated, with the most common side 
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effect being temporary irritative voiding symptoms. However, in the event of a 
perforation, extensive tumor resection, ongoing significant bleeding, or gross evi-
dence of muscle-invasive disease, intravesical chemotherapy should be avoided due 
to the risk for systemic absorption with potential significant adverse reactions [70].

 Adjuvant Intravesical Chemotherapy

The use of adjuvant intravesical therapy has gained traction, particularly in the era 
of a BCG shortage. Intravesical chemotherapy should be tailored based on risk 
stratification.

 Low-Risk NMIBC

The standard therapy for low-risk NMIBC is a single instillation of intravesical 
chemotherapy post TURBT. Multiple trials utilizing MMC, epirubicin, or pirarubi-
cin have shown no benefit to additional intravesical therapy beyond a single post- 
resection dose for this group of patients [67, 71–73]. For example, Tolley et  al. 
compared recurrence-free interval for post-resection MMC in either a single instil-
lation, instillation after resection followed by four more doses at each cystoscopy 
for the first year, and no MMC. Both the single-instillation and multiple-instillation 
group outperformed the control group for recurrence-free survival ([HR 0.66; CI 
0.48–0.91] and [HR 0.50; CI 0.36–0.70], respectively). There was no significant 
difference between the two groups receiving MMC [68]. As such, the EAU, AUA, 
and NCCN recommend no adjuvant intravesical chemotherapy beyond a single 
post-resection instillation for low-risk NMIBC [22, 46, 64].

 Intermediate-Risk NMIBC

While a single post-resection chemotherapy instillation decreases the rate of recur-
rence, it is insufficient treatment for patients with intermediate-risk NMIBC [74, 75]. 
The AUA and EAU recommend induction and maintenance therapy for up to 1 year 
with either intravesical BCG or chemotherapy [22, 46]. Multiple trials have evalu-
ated BCG, MMC, doxorubicin, and epirubicin compared to no intravesical therapy, 
and all have been found to reduce the risk of recurrence. Further, a meta- analysis 
analyzed benefits of intravesical therapies as compared to no intravesical therapy and 
found three trials with BCG (RR 0.56; CI 0.43–0.71), eight trials with MMC (RR 
0.71; CI 0.57–0.89), ten trials with doxorubicin (RR 0.80; CI 0.72–0.88), and nine 
trials with epirubicin (RR 0.63; CI 0.53–0.75). BCG had similar rates of recurrence 
prevention to MMC, and both outperformed doxorubicin or epirubicin [76]. Meta-
analyses directly compared MMC to BCG and found overall results with no signifi-
cant difference for development of tumor progression after induction therapy (9.44% 
vs 7.2%). However, BCG did outperform MMC when BCG maintenance therapy 
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was given [77, 78]. This included a meta-analysis with 74% of patients having inter-
mediate-risk disease which found a 32% risk reduction for BCG maintenance versus 
MMC maintenance therapy [79]. Importantly, intravesical chemotherapy has a much 
better safety and tolerability profile compared to BCG, and given the similarity in 
efficacy and BCG shortage, intravesical MMC is gaining popularity [76].

 Mitomycin C (MMC)

Mechanism of Action

Mitomycin C is a chemotherapeutic agent which acts primarily through alkylation 
and crosslinking of DNA strands, resulting in cellular apoptosis. It is particularly 
useful for intravesical therapy due to its large molecular weight (334 kDa), which 
prevents physiologic uptake and limits effects to a local area [80]. Induction therapy 
consists of 6 weekly instillations of 40 mg of MMC in 20 cc of sterile water.

Optimizing Response to MMC

Efficacy of MMC can be optimized by performing the following prior to instilla-
tion [81]:

 1. Dehydration – no fluids for 8 hours prior to treatment.
 2. Urinary alkalinization – 1.3 g of oral NaHCO3 the night prior to, morning of, 

and 30 minutes prior to therapy.
 3. Complete bladder emptying prior to instillation – post-void residual <10 cc upon 

bladder scan.
 4. High MMC concentration – 40 mg in 20 cc of sterile water.

These recommendations are based on a computational model which simulated 
treatment parameters, creating the most efficacious therapy, and proven in a clinical 
study [82]. A phase 3 RCT found that patients in the MMC optimized group had a 
longer median time to recurrence versus the standard group (20-mg dose with no 
pharmacokinetic manipulations or urinary alkalinization), with median recurrence 
at 29.1 months for the optimized group versus 11.8 months for the standard group. 
Further, 5-year recurrence-free survival was 41.0% versus 24.6% in the optimized 
versus standard MMC groups, respectively [83]. Other methods at optimizing MMC 
efficacy, such as chemohyperthermia and electromotive drug administration, have 
been successful and are detailed later in this chapter.

Maintenance MMC

Fewer studies have looked at maintenance therapy with MMC. One promising mul-
ticenter trial randomized 495 patients to BCG induction, MMC induction, or MMC 
induction with 3  years of maintenance therapy. Three-year recurrence-free rates 
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were similar for the BCG and MMC induction groups, 65.5% and 68.6%, respec-
tively. The MMC maintenance group vastly outperformed either group, with a 
3-year recurrence-free rate of 86.1% [84]. Further studies are needed to validate 
these results. The optimal duration of maintenance therapy has not yet been deter-
mined. There is some evidence to support that a shorter duration of high-density 
therapy is as effective as longer courses of lower-density solution. Additionally, 
long-term MMC therapy (>1 year) seems only beneficial when no immediate post- 
resection dose is given [85].

 Epirubicin

Mechanism of Action and Side Effects

Epirubicin is an anthracycline antineoplastic agent that inhibits DNA replication, 
transcription, and repair by binding to nucleic acid. There can be systemic absorp-
tion of this drug, with studies showing 58–84% of each dose recovered from the 
bladder after treatment. However, tumors absorb 2–10x more epirubicin compared 
to normal urothelium, making it an attractive option [86]. Further, epirubicin is 
generally well tolerated, more so than BCG, with the most common side effect 
being chemical cystitis [87].

Epirubicin Versus Other Agents

Overall, BCG outperforms epirubicin in regard to time to recurrence. The largest, 
phase 3 randomized trial compared time to first recurrence among patients treated 
with BCG, BCG plus isoniazid, and epirubicin. Patients treated with epirubicin had a 
significantly shorter time to recurrence compared to the other two groups. At 3 years, 
49% of patients in the epirubicin group were recurrence-free compared to 65% in the 
BCG group and 64% in the BCG plus isoniazid group. A relatively small number of 
patients (n  – 43, 5%) in the entire cohort progressed to muscle-invasive disease. 
Progression to muscle-invasive disease did not differ between any of the three groups, 
including patients with high-risk disease. Of note, patients in the BCG plus isoniazid 
group did not experience fewer side effects compared to BCG alone [87]. One study 
comparing three different treatment schemes with epirubicin, two maintenance thera-
pies, and one group with immediate post-TURBT instillation followed by an extra 
instillation within 48 hours found no difference in recurrence-free survival between 
the three groups. On average, 44% of patients were recurrence- free at 5 years out [88].

Indeed, the performance data for epirubicin is generally weaker than BCG or 
MMC. A recent randomized trial found that a single instillation of epirubicin after 
TURBT was ineffective for preventing recurrence for intermediate- and high-risk 
disease [89]. Further, a randomized trial demonstrated long-term superiority of 
BCG over epirubicin in terms of disease-free survival, distant metastasis, and over-
all and disease-specific survival for intermediate- and high-risk patients [90]. There 
is no standardized maintenance schedule or dosage of epirubicin. Some studies have 
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reported 30–80 mg of epirubicin, with weekly induction from 4 to 8 weeks, with or 
without maintenance once every 1–4 months, for 10–24 months [86].

 High-Risk NMIBC and BCG Failure

BCG induction plus maintenance for 1–3 years remains the standard of care for 
high-risk NMIBC [22, 46]. No study to date has shown neither superiority nor non- 
inferiority of intravesical chemotherapy compared to BCG for high-risk 
NMIBC. However, BCG failure, which is described in more detail in Sect. 14.5, 
necessitates ongoing trials for bladder-preserving therapy. Currently, the only FDA- 
approved intravesical chemotherapy for BCG-refractory CIS is valrubicin, for which 
a long-term follow-up study found only 4% complete response rate at 24 months 
[91]. As such, valrubicin is rarely used and not regularly recommended (Fig. 16.2).

 Gemcitabine

Mechanism of Action, Comparison to Other Agents, and Side Effects

Gemcitabine is a deoxycytidine analogue that is transported into cells, phosphory-
lated, and then incorporated into DNA and RNA, which inhibits growth activity and 
leads to apoptosis [92]. Several trials have validated the efficacy of single-agent 
gemcitabine for BCG failure NMIBC patients. Two randomized controlled trials 
compared patients with recurrence after BCG treated with either re-induction BCG, 
MMC, or gemcitabine. Gemcitabine outperformed BCG in regard to disease 
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recurrence, with 52% of patients treated with gemcitabine having recurrence vs 
88% treated with BCG [93]. Gemcitabine also outperformed MMC, with 72% ver-
sus 61% of patients being recurrence-free after 36 months, respectively. Gemcitabine 
had a favorable side effect profile compared to MMC, with less patients experienc-
ing chemical cystitis [94]. However, a more recent phase 2 study, utilizing more 
detailed understanding of BCG-refractory disease, found gemcitabine to have a 
durable response in less than 30% of patients after 12 months [95].

Of note, a Cochrane review found gemcitabine to be similarly efficacious to 
BCG for intermediate-risk NMIBC, offering a potential additional option for intra-
vesical chemotherapy aside from MMC [96].

 Docetaxel

Mechanism of Action and Usage

Docetaxel is a taxane cytotoxic agent which binds to and stabilizes microtubules. 
This disrupts cellular division and normal cellular activity which ultimately leads to 
apoptosis [97]. In vitro, docetaxel has been shown to be one of the most effective 
agents at inhibiting growth in urothelial carcinoma [98]. In a small cohort of patients, 
intravesical docetaxel has shown long-term efficacy in BCG failure NMIBC dis-
ease. The initial study had a complete response rate of 56% and 4-year durable 
response of 22% [99]. Two follow-up studies have shown that maintenance intra-
vesical docetaxel after induction may prolong the complete response rate and reduce 
the need for radical cystectomy [100, 101].

 Combination Therapy

Multiple different combinations of intravesical chemotherapy have been studied to 
improve response rates over single-agent therapy. Early trials assessed combina-
tions of doxorubicin and MMC for CIS and epirubicin and IFN-α for high-risk 
recurrence. The first study had a relatively poor long-term disease-free survival 
(<50%) and significant side effects [102]. The later study was stopped early due to 
poor accrual, but BCG was significantly superior compared to epirubicin and 
IFN-α [103].

More promising results were seen with combination therapy of gemcitabine and 
MMC in BCG-refractory patients. Patients were treated with intravesical gem-
citabine for 90 minutes followed by intravesical MMC for 90 minutes, followed by 
monthly maintenance treatment. Disease-free survival was found to be 48% at 
1 year and 38% at 2 years [104]. Another study evaluated gemcitabine and docetaxel 
in BCG-refractory NMIBC. Gemcitabine was instilled for 90 minutes followed by 
docetaxel for 2 hours. Patients who had complete response were continued on main-
tenance therapy. At 1 year, disease-free survival was 54% and 34% at 2 years [105].
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One ongoing phase 1 trial is evaluating intravesical therapy with cabazitaxel, 
gemcitabine, and cisplatin in a cohort of patients with BCG failure. Initial complete 
response rate was 89%, and recurrence-free survival at 1 year was 83% [106].

Summary
• Most patients with NMIBC should have a single instillation of intravesical che-

motherapy within 24 hours of transurethral resection unless a specific contrain-
dication exists.

• Patients with low-risk NMIBC do not have a further cancer-specific benefit for 
intravesical chemotherapy beyond the single post-resection dose.

• BCG with maintenance therapy has the best outcomes for intermediate- 
risk NMIBC.

• Intermediate-risk NMIBC appears to be equally responsive to maintenance mito-
mycin C compared to induction BCG and has fewer side effects.

• BCG remains the standard of care for high-risk NMIBC.
• Patients with BCG failure who do not undergo early cystectomy may undergo a 

trial of single or combination intravesical therapy or can consider enhanced che-
motherapy or photodynamic therapy (see Sect. 14.8).

 Non-BCG Immunotherapy

 Programmed Cell Death Protein (PD1) and PD1 Ligand 
(PDL1) Inhibitors

The successful use of inhibitors of programmed cell death protein (PD1) and PD1 
ligand (PDL1) in metastatic bladder cancer [107] has led to increased interest in 
using checkpoint immunotherapy in BCG-unresponsive patients. Inhibitors of PD1 
and PDL1 act by interrupting the suppressive effect on T-cell activation, thereby 
initiating an immune response.

 Pembrolizumab

One such agent is pembrolizumab, which was granted FDA approval in January 
2020 for BCG-unresponsive CIS based on the results of the KEYNOTE-057 trial. 
This multicenter trial included 102 patients with BCG-unresponsive CIS or high- 
grade Ta/T1 disease who were then treated with 200 mg of pembrolizumab intrave-
nously every 3 weeks for up to 24 months. Overall, 40.6% of patients experienced 
complete response for a median duration of response lasting for 16.2 months [108]. 
KEYNOTE-676 is an open-label phase 3 two parallel-arm study on the safety and 
antitumor activity of combination treatment with pembrolizumab and BCG, as 
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compared to BCG alone in patients with high-risk NMIBC (NCT03711032). 
Similarly, a phase 1, single-arm, open-label study is currently being conducted on 
the tolerability and efficacy of combination therapy with pembrolizumab and BCG 
in high-risk or BCG-refractory patients. This study is also investigating tumor char-
acteristics that correlate with greater pembrolizumab efficacy (NCT02808143).

 Risk/Adverse Effects

The most common adverse events observed in patients receiving pembrolizumab as 
a single agent in clinical trials have been fatigue, musculoskeletal pain, decreased 
appetite, pruritus, diarrhea, nausea, rash, pyrexia, cough, dyspnea, constipation, 
pain, and abdominal pain. Serious adverse events include pneumonia, cardiac isch-
emia, colitis, pulmonary embolism, sepsis, and urinary tract infection. In addition, 
pembrolizumab carries precautions for immune-mediated pneumonitis, immune- 
mediated colitis, immune-mediated hepatitis, immune-mediated endocrinopathies, 
immune-mediated nephritis, immune-mediated skin adverse reactions, infusion- 
related reactions, complications of allogeneic hematopoietic stem cell transplanta-
tion before and after pembrolizumab treatment, and embryofetal toxicity.

 Atezolizumab

In the SWOG S1605 trial, atezolizumab, another inhibitor of the PD1/PDL1 axis, 
has shown promising results for the treatment of patients with BCG-unresponsive 
NMIBC. This trial is a single-arm phase 2 trial in which patients are treated with 
1200  mg of atezolizumab every 3  weeks for 1  year. Recent results have shown 
41.1% and 20.5% complete response at 3 and 6 months, respectively [109]. A phase 
1, open-label, non-randomized, dose de-escalation, single-arm trial (BladderGATE) 
is being conducted to study dose-limiting toxicity and recurrence-free survival in 
BCG-naïve, high-risk, NMIBC patients receiving one installation of intravesical 
BCG per week and 1200  mg of intravenous atezolizumab every 3  weeks 
(NCT04134000). Additionally, the multicenter ALBAN study is a phase 3, open- 
label, randomized, two parallel-arm trial of combination therapy with BCG and 
atezolizumab compared with BCG alone in BCG-naïve patients with high-risk 
NMIBC (NCT03799835).

 Risks/Adverse Effects

Generally, atezolizumab has been well tolerated across bladder cancer studies with 
most adverse events being mild to moderate in grade. Most common adverse events 
include fatigue, nausea, decreased appetite, pyrexia, diarrhea, anemia, dyspnea, 
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nausea, vomiting, and hypertension. Similar to pembrolizumab, atezolizumab may 
result in immune-related adverse events, such as immune-mediated pneumonitis, 
colitis, and hepatitis.

Summary
• There has been an increase interest in PD1 and PDL1 inhibitors such as pembro-

lizumab and atezolizumab in patients not responding to BCG immunotherapy 
treatment.

• Pembrolizumab is the only PD1/PDL1 inhibitor that is currently approved for 
patients with NMIBC outside of clinical trials.

 Emerging Therapies

 Nadofaragene Firadenovec (rAD-IFN/Syn-3)

In addition to inhibitors targeting the PD1/PDL1 axis, other novel immunotherapy 
approaches such as nadofaragene firadenovec (rAD-IFN/Syn-3) are being explored. 
RAD-IFN/Syn-3 is a viral gene therapy and the first of its kind to be used in the 
treatment of bladder cancer. This therapy consists of rAd-IFN alpha, a non- 
replicating recombinant adenovirus vector-based gene therapy that delivers a copy 
of the human interferon alfa-2b gene to urothelial cells, and Syn3, a polyamide 
surfactant that enhances the viral transduction of the urothelium [110]. Once the 
virus enters the urothelial tumor cells, it is transported to the nucleus, and endoge-
nous IFN alpha 2b is produced by the cell leading to tumor cell cytotoxicity. It has 
been shown in preclinical studies that recombinant interferon alfa gene therapy 
results in  local rather than systemic interferon alfa-2b production and therefore 
results in a local response [111, 112].

RAD-IFN/Syn-3 has been shown in a randomized phase 2 study to be well toler-
ated and demonstrate promising efficacy in patients with high-grade (HG) BCG- 
refractory or relapsed NMIBC.  This trial included 40 patients who received 
rAD-IFN/Syn-3, 35% of which remained free of HG recurrence 12 months after 
initial treatment [113]. Recently, a multicenter, open-label phase 3 study investi-
gated rAD-IFN/Syn-3 for HG NMIBC (CIS ± Ta/T1, or Ta/T1 alone) unresponsive 
to BCG. This trial included 151 patients, of which 103 had CIS and 48 had HG Ta/
T1 disease. Of the patients with CIS, 53.4% achieved a complete response within 
3 months and 24.3% remained disease-free at 12 months. Of the patients with HG 
Ta/T1 disease, 72.9% and 43.8% were free from recurrence at 3 and 12 months, 
respectively.

Overall, 66% and 4% of patients experienced grade 1–2 and grade 3 drug-related 
adverse events, respectively. These events included discharge around the catheter 
during instillation, fatigue, bladder spasm, micturition urgency, chills, dysuria, 
pyrexia, syncope, hypertension, and urinary incontinence [114].
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 ALT-801 and ALT-803

Cytokine therapy focusing on interleukin-2 (IL-2), interleukin-15 (IL-15), and 
interleukin-2R beta-gamma pathways in lymphocytes has been studied for several 
decades in the management of several cancers including renal cell carcinoma [115] 
[116]. Intravesical ALT-801 is a recombinant fusion protein of IL-2 and a soluble 
T-cell receptor against p53-derived antigen that is being studied in patients with 
NMIBC. A phase 1 study of ALT-801 plus gemcitabine showed a good safety pro-
file with immune responses in a cohort of BCG-unresponsive patients 
(NCT01625260) [117]. Adverse events in this trial included hepatotoxicity, 
anorexia, pruritus, rash, edema, fatigue, and chills.

Similarly, ALT-803, an IL-15 superagonist that promotes proliferation and acti-
vation of natural killer (NK) cells and CD8+ T cells, is being investigated in two 
clinical trials. The first of which is a phase 2 trial in combination with BCG in BCG- 
unresponsive CIS with or without Ta or T1 disease (QUILT-3.032, NCT03022825). 
Preliminary results show that 82% of patients with CIS have achieved a complete 
response and 78% remained disease-free at 3 months. Similarly, 77% of patients 
with papillary disease remained disease-free at 6 months. Serious adverse events 
reported were E. coli infection, anemia, and bacteremia, with no immune-related 
adverse events [118]. The safety profile of ALT-803 in combination with BCG is 
also under investigation in a phase 1b/2 study in patients with high-grade BCG- 
naïve NMIBC (QUILT-2.005, NCT02138734). Of the nine patients enrolled, all 
were disease-free at 24 months, and zero patients experienced disease recurrence or 
progression. ALT-803 was well tolerated with adverse events being hematuria, uri-
nary tract pain, and hypertension [119].

 Vicinium (VB4–845)

Vicinium contains the active pharmaceutical ingredient VB4–845, which is a recom-
binant fusion protein that expresses a humanized single-chain antibody fragment 
specific for the epithelial cell adhesion molecule (EpCAM) antigen linked to ETA 
(252–608). Once bound to the EpCAM antigen on the surface of carcinoma cells, 
Vicinium is internalized through an endolytic pathway. The ETA (252–608) is 
cleaved off and induces cell death by irreversibly blocking protein synthesis [120]. 
A phase 2 study evaluated once-weekly instillations of Vicinium 30 mg over 6 or 
12 weeks, followed by up to 3 maintenance cycles in 45 subjects with bladder can-
cer and residual CIS with or without concurrent Ta or T1 disease who were refrac-
tory or intolerant to BCG. A complete response was achieved by 44% of patients, 
and 16% remained disease-free at 1  year. The median time to recurrence was 
134 days longer in subjects who received 12 weeks of induction therapy compared 
to 6 weeks (NCT00462488) [121]. In this trial, 65.2% of patients experienced at 
least one adverse event with the most common being renal and urinary disorders, 
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bladder pain, urinary tract infections, urgency, and hematuria. There is also a phase 
1 trial that is investigating the efficacy and safety of combination durvalumab and 
Vicinium for BCG unresponsive NMIBC patients. This study is currently enrolling 
patients with an estimated primary completion date of August 30, 2022 
(NCT03258593).

 VPM1002BC

VPM1002BC is a modified mycobacterium BCG for the treatment of NMIBC. The 
genetic modifications are expected to result in better immunogenicity and less side 
effects. A phase 1 trial including six patients with BCG failure investigated the 
safety and immunology of VPM1002BC treatment. This trial reported the first intra-
vesical application of VPM1002BC for the treatment of NMIBC.  In the trial, no 
dose-limiting toxicity and no grade ≥ 3 adverse events occurred. Plasma levels of 
TNF alpha significantly increased after treatment, and blood-derived CD4+ T cells 
significantly increased intracellular IFN expression. Grade 1 or 2 adverse events 
experienced in this trial included anemia, abdominal pain, bladder infection, pros-
tate infection, urinary tract infection, headache, hematuria, increased creatinine, and 
hematoma [122]. The efficacy of this treatment for BCG-unresponsive patients was 
recently presented and demonstrated a recurrence-free survival of 49% at 60 months, 
with only 5% of patients unable to tolerate adequate induction therapy [123]. The 
estimated completion of this study is December 21, 2022 (NCT02371447).

 Enhanced Chemotherapy

Device-assisted drug delivery, such as chemohyperthermia (CHT) via microwave/
radiofrequency induction and electromotive drug administration (EMDA), is an 
active area of research.

 Chemohyperthermia (CHT)

Hyperthermia is thought to increase drug penetration by increased urothelial cellu-
lar membrane permeability and modified blood perfusion. Further, hyperthermia 
can be directly cytotoxic and increase tumor cell apoptosis [124]. Synergo® 
(Medical Enterprises, Amsterdam, Netherlands) is an FDA-approved device which 
induces bladder wall hyperthermia utilizing a three-way catheter with a microwave 
applicator at the tip [125]. In a multicenter study of 83 patients, MMC delivered 
with the Synergo® system had a significant decrease in recurrence rate after 
24  months, 17.1% versus 57.5%, when compared to standard intravesical 
MMC.  There were significantly more side effects in the CHT group, though all 
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localized and transient [126]. A 90-month follow-up had recurrence rates of 40% in 
the CHT group and 80% in the traditional MMC group [127]. Another promising 
trial evaluated 51 patients with BCG-refractory CIS and found an initial complete 
response rate of 92% after treatment with hyperthermic MMC.  Fifty percent of 
patients had ongoing response at 2  years [128]. In intermediate- and high-risk 
groups treated with CHT, recurrence rates were found to be 14.3% at 1 year and 
24.6% at 2 years [129]. While these results are promising, most trials have relatively 
short follow-up with small sample sizes.

 Electromotive Drug Administration (EMDA)

EMDA applies an electric field into the bladder mucosa, which may increase pene-
tration of MMC through iontophoresis, electroosmosis, or electrophoresis and elec-
troporation. The patient is grounded, and an active electrode on a catheter tip is 
placed into the bladder. MMC delivery with EMDA can reduce dwell time to 
30 minutes instead of 2 hours [130]. One study compared treatment of patients with 
low-intermediate NMIBC treated with CHT, EMDA, or MMC alone and found 
complete response rates of 66%, 40%, and 27.7%, respectively [131]. Another study 
randomized high-risk NMIBC patients to treatment with MMC alone, EMDA, or 
BCG and found similar complete response rates in the EMDA and BCG groups, 
both of which were superior to MMC alone [132]. Further, a randomized trial com-
pared patients with BCG induction for 6 weeks plus maintenance therapy versus 
BCG induction for 2 weeks followed by EMDA/MMC induction and maintenance 
therapy for pT1 disease. The BCG  +  EMDA/MMC group significantly outper-
formed BCG alone in terms of recurrence rate (41.9% vs 57.9%), disease-free sur-
vival (69  months vs 21  months), progression rate (9.3% vs 21.9%), and 
disease-specific mortality rate (5.6% vs 16.2%) [133, 134]. Finally, one randomized 
study found that EMDA/MMC given immediately prior to TURBT had a lower 
recurrence rate (38%) compared to those that received an immediate post-TURBT, 
traditional MMC dose (59%) and to those who had TURBT alone (64%). Further, 
there was a significantly longer disease-free survival in the EMDA/MMC group 
compared to MMC or TURBT alone (52  months vs 16  months and 12  months, 
respectively) [135]. Despite the above results, EMDA has not yet reached FDA 
approval.

 Photodynamic Therapy

Photodynamic therapy (PDT) involves the administration, either oral, intravenous, 
or intravesical, of a photosensitizing agent, followed by activation with light. A 
photochemical reaction occurs creating reactive oxygen species that are lethal to 
cells [136]. There is preferential uptake in tumor cells of photosensitizing agents; 
however, the exact mechanism has not yet clearly been elucidated [137]. The most 
studied and utilized agent for NMIBC is 5-aminolevulinic acid (5-ALA), which is 
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an endogenous substance of heme biosynthesis. 5-ALA is metabolized to protopor-
phyrin IX (PP IX), which, when irradiated with visible light, produces reactive oxy-
gen species causing cell destruction [138]. This agent can be given orally or 
intravesically, though there are significantly more adverse effects when given orally, 
such as hypotension and tachycardia [139]. A small, single-center study found that 
5-ALA given intravesically to a mixed cohort of patients with superficial tumors 
was effective. Of the patients that received PDT as primary treatment after TURBT, 
83% (n = 5) were disease-free, and 57% had complete response. There was an initial 
complete response of 40% in BCG-refractory CIS. Importantly, side effects were 
local and mild for all patients [140]. More recently, a prospective, multicenter trial 
evaluated patients undergoing TURBT who had not previously had BCG therapy 
and found an overall recurrence-free rate of 78% after 12 months of PDT [141]. A 
newer agent, Radachlorin, shows promise against BCG-refractory CIS. One study 
found high recurrence-free rates after administering Radachlorin to patients with 
BCG-refractory CIS: 90.9% at 12 months, 64.4% at 24 months, and 60.1% at 30 
months with no significant adverse events [142] (Table 16.3).

Summary
• There are a number of emerging therapies being studied for treatment of NMIBC.
• Areas of focus include gene therapy, cytokine therapy, and advanced chemo-

therapies, among others.

 Role for Radical Cystectomy

There is a role for surgical, non-endoscopic management in the treatment of NMIBC 
in certain patient populations. Patients found to have high-grade superficial bladder 
cancer, especially those with deep lamina propria invasion, both have an increased 
risk of local disease progression and present with increased risk of developing sub-
sequent upper tract malignancies. Studies have shown that approximately one-half 
of patients with high-grade NMIBC will eventually have disease progression and 
approximately one-third of these patients will die from bladder cancer over a 
15-year follow-up [4]. In these patients with high-risk superficial disease who are at 
risk of progression, there is literature that supports early radical cystectomy, espe-
cially since many of patients may have unknown muscle involvement at the time 

Table 16.3 NMIBC non-surgical evolving therapies

Immunotherapy Chemotherapy
Viral gene 
therapy

Cytokine 
therapy

Other emerging 
therapies

BCG Mitomycin C Nadofaragene ALT-801 Vicinium (VB4–845)
Pembrolizumab Epirubicin ALT-803 VPM1002BC
Atezolizumab Gemcitabine Chemohyperthermia

Docetaxel EDMA
Photodynamic therapy
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which results in pathologic upstaging at the time of surgery. Studies have shown that 
for patients with high-grade clinical T1 tumors, early radical cystectomy increased 
life expectancy and disease-free survival at 10 years for those that underwent the 
procedure earlier compared to those that waited for documented muscle inva-
sion [143].

According to AUA guidelines, clinicians should not offer radical cystectomy in 
patients with low-risk or intermediate-risk Ta disease until all feasible bladder- 
sparing therapies have been unsuccessful. In select high-risk patients who present 
with T1 disease on both original and re-staging TURBT or those who have T1 dis-
ease on original staging TURBT in association with adverse pathological features, 
such as CIS, variant histology, or lymphovascular invasion, these patients should be 
offered up-front radical cystectomy due to increased risk of developing muscle- 
invasive disease. Those high-risk patients who fail two induction cycles of intravesi-
cal BCG or maintenance BCG within 1 year with notable disease persistence should 
also be offered radical cystectomy [15]. In general, patients with high-grade T1 
disease and poor pathologic features such as CIS and lymphovascular invasion, 
involvement of prostatic urethra or ureteral orifices, or tumors too large for com-
plete endoscopic resection should also be considered for early cystectomy before 
documented T2 disease [144].

However, it is important to consider that many of these patients who may undergo 
radical cystectomy with high-risk NMIBC may end up being overtreated. This is 
important because radical cystectomy with or without continent diversion is a life- 
altering procedure, associated with a high risk of perioperative morbidity. A recent 
meta-analysis reported that 59% of patients undergoing radical cystectomy with 
either extracorporeal or intracorporeal conduit diversion experience complications 
in the 90-day postoperative period. Likewise, in patients undergoing radical cystec-
tomy with intracorporeal continent diversion, the overall 30-day complication rate 
was 45.7%. Furthermore, mean in-hospital stay was 9 days for all diversion types, 
and 90-day mortality was 3% [58].

Many patients undergoing this procedure require lifelong ostomies which have a 
significant effect on a patient’s quality of life and overall psychological well-being. 
In a recent study, both patients and caregivers reported having insufficient psycho-
logical preparation for ostomy surgeries and very limited hands-on training with 
stoma care and utility of stomal appliances. Patients reported depression, anxiety, 
and distress caused by changes in body image and sexual, urinary, and bowel func-
tion. Patients and caregivers also reported significant patient medical needs in the 
postoperative period including pain, fatigue, sleep disturbance, inflammation, and 
complications resulting in hospital readmissions [145].

The 5- and 10-year recurrence-free survival for patients with organ-confined, 
lymph node-negative Pis, Pa, and P1 disease who underwent radical cystectomy 
range from 79% to 91% and 74% to 89%, respectively [146]. Granted, radical cys-
tectomy is curative for these patients early in their disease course; many patients 
may seek bladder-sparing treatments or may harbor too many comorbidities and are 
therefore ineligible for cystectomy. There continues to be clear and urgent need for 
alternative therapies for these patients (Table 16.4).
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Summary
• There is a role for radical cystectomy in specific patients with NMIBC who are 

at high risk for disease progression and may be curative in some of these patients.
• Conversely, there are patients with NMIBC who undergo radical cystectomy that 

end up being overtreated and have to live with the sequelae of a life-changing 
surgery.

• Because of this, there is still a need for alternative therapies for these patients.
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Chapter 17
Neoadjuvant and Adjuvant Therapy 
for Muscle-Invasive Bladder Cancer

Brendan J. Guercio and Gopa Iyer

 Introduction

In contrast to non-muscle-invasive bladder cancer, which has an excellent prognosis 
with local therapy alone, muscle-invasive bladder cancer (MIBC) is often a sys-
temic disease at diagnosis due to clinically occult micrometastases [1, 2]. As a 
result, MIBC managed with surgical resection alone, specifically radical cystec-
tomy plus pelvic lymph node dissection, results in recurrence at distant sites in up 
to 50% of patients [3, 4]. Maximizing chance of cure at time of radical cystectomy 
is key given the dismal prognosis of bladder cancer that recurs with distant metasta-
ses, which remains incurable in a majority of cases [2]. Addition of perioperative 
systemic therapy to surgical resection can reduce risk of recurrence and improve 
overall survival [5]. Herein, we will aim to summarize key evidence regarding stan-
dard perioperative systemic treatments for MIBC, as well as promising novel peri-
operative regimens that are currently under investigation.

 Neoadjuvant Chemotherapy (NACT)

Historically, the investigation of NACT prior to radical cystectomy for MIBC began 
with neoadjuvant cisplatin monotherapy based on the efficacy of cisplatin observed 
in the metastatic setting [6]. This was followed by trials of NACT combinations 
[7–11] such as CMV (cisplatin, methotrexate, vinblastine), wherein the phase 3 trial 
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BA06 30894 showed a 16% reduction in the risk of death with three cycles of CMV 
versus no neoadjuvant therapy as well as an absolute improvement in 10-year sur-
vival by 6% [12, 13]. Eventually, MVAC (methotrexate, vinblastine, doxorubicin, 
and cisplatin) was established as a standard neoadjuvant regimen for MIBC based 
on the findings of SWOG-8710, a phase 3 trial demonstrating a median survival of 
77 months after surgery among patients who received neoadjuvant MVAC versus 
46 months among patients treated with surgery alone (p = 0.06 by two-sided log- 
rank test) and a corresponding hazard ratio (HR) for risk of death in the upfront 
cystectomy group of 1.33 compared to the MVAC-treated arm (95% confidence 
interval [CI] 1.00–1.76). In SWOG-8710, patients treated with MVAC experienced 
a superior pathologic complete response (pCR) rate of 38% versus 15% among 
patients treated with surgery alone [14]. A retrospective analysis of SWOG-8710 
demonstrated a significant correlation between pathologic response at cystectomy 
and long-term survival, wherein patients with residual disease (>ypT0) had a HR for 
overall survival of 2.51 compared to patients with a complete pathologic response, 
defined as ypT0 (95% CI 1.47–4.27, p = 0.0008) [15]. Residual muscle-invasive 
disease (≥ypT2) appeared particularly prognostic, with a HR for overall survival of 
2.24 compared to patients without muscle-invasive disease (95% CI 1.34–3.76, 
p  =  0.0022) [15]. The association between pathologic response and long-term 
patient survival was ultimately confirmed in a meta-analysis, establishing patho-
logic response at cystectomy as an important surrogate endpoint for survival in 
MIBC [16]. MVAC was also determined superior to the competing CISCA regimen 
(cisplatin, cyclophosphamide, doxorubicin) [17].

In 2005, a meta-analysis including 3005 patients from 11 clinical trials demon-
strated a 5% absolute increase in 5-year overall survival and a 14% decrease in the 
risk of death among patients with MIBC who received cisplatin-based NACT prior 
to local therapy compared to patients who received local therapy alone [5]. This 
corresponded to a 22% improvement in disease-free survival (HR 0.78, 95% CI 
0.71–0.86, p < 0.0001 [5]. The improvement in overall survival is comparable to 
that seen in other tumor types in which perioperative chemotherapy is considered an 
established standard of care [18, 19].

As a result, cisplatin-based NACT is the current standard of care for cisplatin- 
eligible patients with MIBC [5, 20–22]. However, many patients do not benefit from 
NACT [14, 23], and inability to predict benefit and concerns about toxicity have led 
to low uptake of NACT in community practice. For example, an analysis of the 
American College of Surgeons and American Cancer Society National Cancer Data 
Base (NCDB), which included patients treated at both community and academic 
centers, showed that use of NACT for localized MIBC in 2010 was only 20.9% [24]. 
As a result, some clinicians have proposed clinical criteria such as presence of 
hydroureteronephrosis and lymphovascular invasion to refine selection of patients 
for NACT [25]; however, use of such criteria is not a universally accepted standard 
for clinical practice [26].

NACT traditionally refers to three to four cycles of cisplatin-based chemother-
apy in patients with T2–T4aN0M0 disease followed by assessment for cystectomy. 
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In patients with disease that has spread to lymph nodes or soft tissue sites, consoli-
dative surgical resection can be considered if a major radiographic response is 
achieved following six cycles of cisplatin-based chemotherapy [27–29]. Indeed, an 
NCDB data analysis of patients with bladder cancer involving regional lymph nodes 
demonstrated that treatment with perioperative chemotherapy plus surgery was 
associated with superior outcomes compared to either chemotherapy or surgery 
alone [30]. However, all patients with N1–3 and/or M1 disease should receive six 
cycles of chemotherapy if able prior to consolidative surgery, given a lack of com-
pelling evidence to support a smaller number of cycles in this clinical context [31]. 
If uncertainty regarding lymph node involvement exists, lymph nodes 1–2 cm in 
diameter can be further evaluated by FDG-PET/CT with or without image-guided 
biopsy [32]. Notably, two phase 2 trials of neoadjuvant dose-dense MVAC (ddM-
VAC) allowed patients with clinical N1 disease, providing support for consideration 
of NACT plus cystectomy for patients with muscle-invasive disease and clinical 
involvement of a single regional lymph node in the true pelvis [33, 34]. Indeed one 
trial included 17 patients with cN1 disease and found 14 (82%) were pN0 at time of 
surgery, though these patients did not have biopsies before therapy to confirm nodal 
involvement [33].

 Neoadjuvant Cisplatin-Based Chemotherapy Does Not Impact 
Feasibility of Curative Surgery

Multiple trials have demonstrated that NACT does not adversely impact the feasi-
bility of radical cystectomy [7, 14, 35]. For instance, in the phase 3 trial SWOG-8710, 
307 patients were randomized 1:1 to MVAC followed by cystectomy versus cystec-
tomy alone, and radical cystectomy was ultimately completed in 82% of patients in 
the MVAC arm and 81% of patients treated with cystectomy alone [14].

 Selection of Patients Appropriate for Cisplatin-Based  
Chemotherapy

Cisplatin-based chemotherapy carries risk of significant and lasting toxicity in 
patients with pre-existing comorbidities such as renal dysfunction and neuropathy. 
A consensus set of criteria for cisplatin eligibility based on a survey of the literature 
and genitourinary oncologists suggested that cisplatin be precluded if one or more 
of the following characteristics are present: (1) Eastern Cooperative Oncology 
Group performance status ≥2; (2) creatinine clearance <60 ml/min; (3) grade ≥2 
hearing loss; (4) grade ≥2 neuropathy; or (5) New York Heart Association heart 
failure ≥ Class III [36].
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 Non-MVAC Options for NACT

 Gemcitabine Plus Cisplatin

Gemcitabine plus cisplatin (GC) supplanted MVAC as the standard of care for meta-
static urothelial carcinoma based on a large randomized trial showing GC to have 
similar efficacy and reduced toxicity compared to MVAC [37, 38]. Though neoad-
juvant GC and MVAC for MIBC have never been compared head-to-head in a ran-
domized trial, retrospective analyses have suggested these regimens have similar 
efficacy in the neoadjuvant setting as well [39, 40]. For example, in a retrospective 
study of 935 patients who received NACT for MIBC, GC-treated patients (n = 602) 
had <ypT2N0 disease at time of radical cystectomy in 44.8% of cases, compared to 
43.7% among patients treated with MVAC (n = 183) [40]. pCR rates were also simi-
lar, occurring in 23.9% and 24.5% of patients treated with GC and MVAC, respec-
tively [40]. Despite the absence of level I evidence comparing GC to MVAC, the GC 
regimen was ultimately endorsed by the National Comprehensive Cancer Network 
(NCCN) as a standard of care for neoadjuvant treatment of MIBC [26].

In order to increase the number of patients eligible for cisplatin-based therapy, 
one small study treated patients with MIBC with split-dose cisplatin 35 mg/m2 plus 
gemcitabine 1000 mg/m2 on days 1 and 8 of every 21-day cycle for a maximum of 
four cycles for patients with a calculated glomerular filtration rate ≥40 ml/min [41]. 
The regimen was well tolerated, with no clinically significant decline in kidney 
function. The study’s small sample size and failure to report pathological response 
rates preclude firm estimates of the regimen’s efficacy. Subsequent small retrospec-
tive studies of neoadjuvant split-dose cisplatin for MIBC have suggested lower rates 
of pCR compared to standard-dose cisplatin [42, 43], though one of these studies 
suggested comparable long-term survival [43].

Study of other cisplatin-based neoadjuvant regimens for MIBC is ongoing, 
including the combination of albumin-bound paclitaxel plus cisplatin 
(NCT04060459).

Dose-dense regimens The development of granulocyte growth factor support 
made feasible dose-dense regimens, allowing delivery of a greater total dose of 
chemotherapy over a given unit of time [44]. Dose-dense MVAC was first compared 
to MVAC in a phase 3 trial in metastatic bladder cancer by the European Organization 
for Research and Treatment of Cancer (EORTC) [44]. The trial randomized 263 
patients to either 2-week  cycles of ddMVAC plus granulocyte-stimulating factor 
(G-CSF) or 4-week cycles of traditional MVAC. The dose-dense regimen was found 
to be associated with reduced toxicity and greater clinical efficacy compared to 
MVAC, with a HR for mortality of 0.76 and a 5-year survival rate for ddMVAC of 
21.8% versus 13.5% for MVAC [45].

This led to two single-arm trials that subsequently investigated ddMVAC with 
G-CSF for MIBC in the neoadjuvant setting [33, 46]. While one study treated 39 
patients with 4 cycles of ddMVAC [33], the other treated 40 patients with 3 cycles 
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[46]. Downstaging to non-muscle-invasive disease (<ypT2N0) at time of surgical 
resection was observed in 49% and 53% of cases, respectively, with pCR rates of 
26% and 38% [33, 46]. The dose-dense schedule also allowed a shorter time delay 
between chemotherapy initiation and surgical resection. While median time to sur-
gery with non-dose-dense therapy is 16–19 weeks [14, 39], median time to surgery 
in the three-cycle ddMVAC trial was only 9.7 weeks [46]. However, the trials suf-
fered features that limited generalizability of their findings [47]. For example, both 
trials included patients with node-positive disease, a patient population not eligible 
for standard NACT regimens.

In a comparative effectiveness analysis of neoadjuvant GC versus MVAC across 
28 institutions adjusted using propensity scores, no statistically significant differ-
ence in pCR rate or survival was identified between 146 patients treated with GC 
and 66 patients treated with MVAC, 77% of which received ddMVAC [48].

Results of the randomized neoadjuvant trial SWOG S1314 presented in 2019 
also suggested roughly equivalent efficacy between ddMVAC and standard GC with 
regard to pathologic response. The phase 2 study randomized patients with MIBC 
to four cycles of GC every 21 days versus four cycles of ddMVAC every 14 days 
[49]. With a sample size of 167 patients, the trial reported ypT0 rates for ddMVAC 
and GC of 32% and 35% and downstaging to non-muscle-invasive disease in 55% 
and 49% of patients, respectively. Survival outcomes have not been reported. 
Notably, SWOG S1314’s primary objective was to assess the prognostic and predic-
tive value of the COXEN score, a gene expression profile, and not to compare the 
efficacy of these two regimens.

In opposition to these findings stand the results of an interim analysis from the 
GETUG/AFU V05 VESPER trial, a phase 3 study which randomized 494 patients 
with MIBC to 4 cycles of perioperative GC every 3 weeks or 6 cycles of periopera-
tive ddMVAC every 2 weeks [50, 51]. The trial enrolled patients with cT2–4 N0M0 
disease for neoadjuvant treatment, while patients with pT3–4 or node-positive M0 
disease at cystectomy were eligible for adjuvant therapy [51]. Of the 219 patients 
treated with neoadjuvant GC, 36% were ypT0N0 at time of surgery, compared to 
42% of the 218 patients treated with neoadjuvant ddMVAC, with a p  =  0.02. 
Downstaging to non-muscle-invasive disease at time of surgery was seen in 49% of 
patients treated with GC and 63% of patients treated with ddMVAC (p = 0.007). 
Finally, 77% of patients treated with ddMVAC had organ-confined disease at time 
of resection (<ypT3N0) compared to 63% treated with GC (p = 0.002). Sixty per-
cent of patients received six cycles in the ddMVAC arm, while 84% received four 
cycles in the GC arm. Toxicity was reportedly manageable, with more grade 3 
asthenia and GI side effects with ddMVAC. In the trial as a whole, grade 3 or higher 
toxicities occurred in 50% and 54% of patients treated with ddMVAC and GC, 
respectively. During chemotherapy, three deaths occurred in the ddMVAC arm and 
one in the GC arm. Progression-free and overall survival data are anticipated for 
2021. Ultimately, reporting of survival outcomes from VESPER will be needed to 
determine whether six cycles of neoadjuvant ddMVAC is indeed superior in clinical 
efficacy to four cycles of standard neoadjuvant GC. In MIBC, chemotherapy with 
neoadjuvant intent is typically limited to three to four cycles in the interest of 
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avoiding overtreatment, while six cycles of chemotherapy is reserved for patients 
with metastatic disease. The discrepancy in cycle number between treatment arms 
in GETUG/AFU V05 complicates comparisons of efficacy between GC and ddM-
VAC within this study.

Dose-dense GC (ddGC) has also been investigated as neoadjuvant therapy for 
MIBC. In a single-arm, phase 2 trial that treated patients with cT2–4a, N0–1, M0 
MIBC with three cycles of 14-day ddGC before cystectomy, vascular toxicities, 
such as stroke and venous thromboembolism, caused the study to close early fol-
lowing enrollment of 31 patients, short of the 44-patient goal [34]. Of the 31 patients 
who were evaluable, 10 (32%, 95% CI 16–49%) at cystectomy were ypT0N0, while 
an additional 13% (95% CI 1–25%) had downstaging to non-muscle-invasive dis-
ease [34].

A subsequent trial of ddGC enrolled 49 patients but excluded patients with any 
history of cardiovascular events [52]. The trial also used different dosing, prescrib-
ing a total of six cycles prior to radical cystectomy with 2500 mg/m2 of gemcitabine 
based on the metastatic phase 3 trial HE 16/03 [53], in contrast to 1200 mg/m2 used 
in the first trial, and split-dose cisplatin 35 mg/m2 on day 1 and 2 instead of 70 mg/
m2 on day 1. Sixty-seven percent of patients completed all six cycles of ddGC. Of 
46 evaluable patients, 57% (95% CI, 42–70%) achieved downstaging to non- 
muscle- invasive disease, while 15% achieved ypT0 (95% CI, 8–28%) [52]. With a 
median follow-up for living patients of 25.6 months, median recurrence-free and 
overall survival were not reached. Unlike the prior trial of neoadjuvant ddGC, vas-
cular toxicity in this trial was comparable to toxicities observed in prior neoadjuvant 
trials of standard GC, perhaps due to the splitting of cisplatin over days 1 and 2 and 
the upfront exclusion of patients who had experienced cardiovascular events or 
angina or stroke within the prior 6 months [52]. Therefore, the ddGC regimen as 
studied in this latter study may be reasonable for selected patients.

 Non-Cisplatin-Based NACT

While cisplatin-based NACT is the current standard of care for MIBC, up to 50% 
of patients with MIBC are ineligible for cisplatin-containing regimens due to 
comorbidities such as renal dysfunction and neuropathy (see consensus criteria 
for cisplatin eligibility detailed earlier in this chapter) [36]. This has resulted in 
an urgent unmet need for alternative perioperative regimens for cisplatin-ineligi-
ble patients. However, there is currently no level I evidence to support the use of 
non-cisplatin- based NACT for MIBC.  While carboplatin-based regimens have 
not been compared directly to cisplatin-based regimens in any randomized neo-
adjuvant trials, carboplatin- based regimens have been determined inferior to cis-
platin-based regimens in the metastatic setting [54–56]. Single-arm, phase 2 trials 
of neoadjuvant carboplatin in combination with paclitaxel and gemcitabine [57, 
58] or with nab- paclitaxel and gemcitabine [59] have resulted in greater hemato-
logic toxicity and lower pathological response rates compared to those 
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historically observed with cisplatin-based regimens. As a result, current  guidelines 
 recommend against the use of carboplatin-based chemotherapy for neoadjuvant 
purposes [20].

 Pathologic Response to NACT Is a Predictor 
of Patient Survival

pCR at cystectomy (ypT0N0) following neoadjuvant cisplatin-based chemotherapy 
is a strong predictor of patient survival. For instance, a retrospective analysis of 
SWOG-8710 demonstrated that among 115 patients who had MVAC followed by 
radical cystectomy with negative margins, patients with ypT0N0 disease at cystec-
tomy had a median overall survival of 13.6 years, compared to 10.6 years among 
patients with non-muscle-invasive disease at cystectomy and 3.7  years among 
patients with residual muscle-invasive disease [15]. The prognostic value of a com-
plete pathologic response after NACT was further supported by findings from a 
meta-analysis of 13 trials with 886 patients treated with NACT followed by radical 
cystectomy, which showed pCR to be associated with a relative risk for mortality of 
0.45 (95% CI 0.36–0.56, p < 0.00001) compared to residual disease [16].

Downstaging to non-muscle-invasive disease (<ypT2N0) with NACT is also 
associated with superior survival. For instance, in a retrospective study of 147 
patients with MIBC, patients with <ypT2N0 disease after neoadjuvant MVAC expe-
rienced a 5-year overall survival of 75%, compared to only 20% among patients 
with ypT2 or greater disease at cystectomy [60]. The prognostic importance of 
residual muscle-invasive disease after NACT was confirmed in subsequent studies 
[15, 61], including a large retrospective analysis of 935 patients with MIBC treated 
with three or more cycles of NACT before radical cystectomy which demonstrated 
non-muscle-invasive disease at cystectomy to confer a HR for overall survival of 
0.25 (95% CI 0.16–0.40, p < 0.001) compared to patients with residual muscle- 
invasive disease [40]. As a consequence, use of <ypT2N0 disease at cystectomy has 
been proposed as an intermediate endpoint to accelerate the investigation of novel 
neoadjuvant regimens for MIBC [62, 63].

 Adjuvant Chemotherapy

Survival benefits observed with NACT have also led to the investigation of adjuvant 
chemotherapy for patients with MIBC.  In theory, adjuvant therapy could offer 
equivalent control of micrometastatic disease to NACT while also offering certain 
advantages. For example, an adjuvant paradigm allows pathologic confirmation of 
disease extent at radical cystectomy prior to initiation of systemic therapy, thereby 
refining patient selection for chemotherapy to prevent over- and undertreatment 
[31]. Such pathologic evaluation at radical cystectomy could allow some patients 
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with MIBC to avoid systemic therapy, given that 6–15% of patients with MIBC 
achieve a pCR with transurethral resection of bladder tumor (TURBT) alone and 
experience low probability of disease recurrence without chemotherapy [3, 14, 
64, 65].

In practice, patients who undergo radical cystectomy often fail to proceed to 
adjuvant chemotherapy even when indicated due to the significant morbidity of the 
surgical procedure in conjunction with the frailty conferred by advanced age for 
most patients diagnosed with bladder cancer (median age 73 years) [66]. For exam-
ple, a retrospective study of 1142 patients who underwent radical cystectomy 
showed grade 2–5 complications that could have delayed effective adjuvant chemo-
therapy in 30% of cases [67].

Accordingly, trials of adjuvant therapy for MIBC have been plagued by poor 
accrual [68–71]. The largest and most recent trial of adjuvant therapy for MIBC was 
EORTC 30994, in which 284 patients with pT3–4 and/or node-positive disease 
were randomized to adjuvant GC, MVAC, or ddMVAC, or the same regimens 
deferred until recurrence [71]. At a median follow-up duration of 7 years, the median 
overall survival in the immediate treatment group was 6.74 years (95% CI 3.85–not 
reached) versus 4.60  years (95% CI 2.15–6.25) in the deferred treatment group. 
Though the difference in median overall survival favored adjuvant therapy, the dif-
ference was not statistically significant (p = 0.13) [71].

Given the failure of multiple trials to achieve target accrual in the adjuvant 
space, Galsky et al. performed an analysis of the NCDB to examine associations 
of adjuvant chemotherapy with clinical outcome among patients treated between 
2003 and 2006 with pT3–4 and/or node-positive bladder cancer [72]. Of the 5653 
patients included in the study, 23% had received adjuvant chemotherapy. The 
investigators used propensity scores to control for pertinent covariates such as 
age and pathological tumor stage. Patients who received adjuvant chemotherapy 
experienced longer overall survival compared to patients who did not, with a HR 
of 0.70 (95% CI 0.64–0.76). Sensitivity analyses demonstrated that adjuvant che-
motherapy’s benefit persisted when factors not captured in the NCDB, such as 
performance status, were accounted for. However, the study did suffer notable 
limitations, including its retrospective nature and the NCDB’s lack of clearly 
defined data on adjuvant chemotherapy regimens, disease recurrence, and timing 
of salvage chemotherapy [72]. The conclusions of the NCDB analysis were fur-
ther supported by the results of a systematic review and meta-analysis of 945 
patients enrolled in 9 randomized clinical trials of adjuvant therapy for MIBC 
[73]. The analysis showed a pooled HR of 0.77 (95% CI 0.59–0.99) for overall 
survival, with a p-value of 0.049. For the seven trials reporting disease-free sur-
vival, the pooled HR was 0.66 (95% CI 0.45–0.91, p = 0.014), a benefit which 
appeared to be of greater statistical significance among patients with node-posi-
tive disease (p = 0.010).

Nonetheless, given the absence of definitive data from phase 3 trials demonstrat-
ing a survival benefit from adjuvant chemotherapy and the challenges associated 
with administration of chemotherapy after radical cystectomy, NACT is recom-
mended over adjuvant chemotherapy for MIBC [31]. In the absence of NACT prior 
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to cystectomy, NCCN guidelines recommend consideration of adjuvant cisplatin-
based chemotherapy for patients with pT3–4 disease, positive nodes, or positive 
margins at time of radical cystectomy [26].

Investigation of the optimal regimen for adjuvant chemotherapy is ongoing. 
GETUG/AFU V05 VESPER is an ongoing neoadjuvant and adjuvant phase 3 trial 
which randomized patients in its adjuvant arms with pT3/4 or node-positive M0 
disease to four cycles of GC versus six cycles of ddMVAC [51]. Preliminary reports 
from an interim analysis reported that 57 patients were enrolled in the adjuvant arms 
[50]. In the adjuvant arms, 40% of patients received six cycles in the ddMVAC arm 
and 60% of patients received four cycles in the GC arm. While preliminary safety 
results pooled across the trial’s neoadjuvant and adjuvant arms have been reported 
as reviewed earlier in this chapter, efficacy results for the adjuvant arms are not 
yet known.

 Adjuvant Chemotherapy After NACT

Notably, implementation of adjuvant chemotherapy for patients who have already 
received NACT is not considered standard practice [26], even in cases where 
patients after NACT have pathologic predictors of poor prognosis at cystectomy, 
such as residual muscle-invasive or node-positive disease [15]. Data to support use 
of adjuvant chemotherapy in such settings is limited to lower-level evidence: in a 
retrospective analysis of 37 patients with pathologically node-positive disease after 
NACT, of whom 11 received adjuvant therapy of various regimens, adjuvant che-
motherapy was associated with an improvement in recurrence-free survival, though 
there was no statistically significant difference in overall or disease-specific survival 
[74]. Potential confounders included the fact that patients who received adjuvant 
chemotherapy tended to be younger and had better performance status.

 Biomarkers of Response to Cisplatin-Based Chemotherapy

Given the considerable toxicity inherent to cisplatin-based chemotherapy and the 
lack of benefit from NACT experienced by many patients with MIBC, extensive 
efforts have been made to identify biomarkers that can predict benefit and improve 
patient selection for neoadjuvant therapy (Table 17.1). For instance, a phase 3 trial 
by Stadler et al. investigated the potential for p53 status, assessed by immunohisto-
chemistry, to predict benefit from cisplatin-based adjuvant chemotherapy [69]. 
Ultimately, the study failed to demonstrate any predictive value of p53, though the 
study was limited by a high patient refusal rate, lower than expected event rate, and 
failures to receive the assigned therapy [69]. In addition, the study’s method of p53 
status, by immunohistochemistry, could not detect genomic alterations resulting in 
lack of p53 expression.
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Table 17.1 Biomarkers under investigation to guide perioperative systemic therapy for 
urothelial cancer

Biomarker Key studies Method of assessment

Biomarkers for chemotherapy

Alterations in DDR genes Van Allen et al. [75]
Plimack et al. [76]
Miron et al. [77]
Liu et al. [78]
Iyer et al. [52]
Li et al. [79]
Teo et al. [80]
Geynisman et al. [81]

NGS

Intrinsic molecular subtypes Choi et al. [82]
McConkey et al. [83]

RNA seq

COXEN gene expression score Kothari et al. [84]
Flaig et al. [49]

RNA seq

Cell-free DNA Christensen et al. [85]
Patel et al. [86]

NGS

Biomarkers for immunotherapy

PD-L1 Necchi et al. [87]
Powles et al. [88]
van Dijk et al. [89]
Gao et al. [90]

IHC

TMB Necchi et al. [87]
Powles et al. [88]
van Dijk et al. [89]
Gao et al. [90]

NGS

TGF-ß expression signature Mariathasan et al. [91]
Powles et al. [88]
van Dijk et al. [89]

RNA seq

Eight-gene cytotoxic T cell 
transcriptional signature (tGE8)

Mariathasan et al. [91]
Powles et al. [88]
van Dijk et al. [89]
Gao et al. [90]

RNA seq

IFN-gamma signaling signature Grande et al. [92]
Necchi et al. [87]
van Dijk et al. [89]
Gao et al. [90]

RNA seq

Alterations in DDR genes Teo et al. [93]
Necchi et al. [87]
Powles et al. [88]
van Dijk et al. [89]
Gao et al. [90]

NGS

Tertiary lymphoid structures van Dijk et al. [89]
Gao et al. [90]

Multiplex 
immunofluorescence

Intrinsic molecular subtypes Powles et al. [88] RNA seq

Abbreviations: DDR DNA damage response and repair, IFN interferon, IHC immunohistochemis-
try, NGS next-generation sequencing, PD-L1 programmed death ligand-1, RNA seq RNA sequenc-
ing, TGF transforming growth factor, TMB tumor mutational burden
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Intrinsic molecular subtypes of urothelial cancer have also been identified 
through transcriptomic profiling and are under investigation as potential predictors 
of chemosensitivity [82, 94–97]. Similar to breast cancer, luminal and basal-type 
tumors have been identified in MIBC [82, 94–96]. An unbiased clustering analysis 
of transcriptomic data from 412 MIBCs in the urothelial TCGA revealed 5 distinct 
expression subtypes, including luminal-papillary, luminal-infiltrated, luminal, 
basal-squamous, and neuronal [98]. These subtypes were congruent with the four 
subtypes identified in a prior analysis of TCGA in 2014 [96] and also confirmed the 
overarching luminal and basal subtypes identified in previous transcriptomic analy-
ses of bladder cancer [82, 94–96]. Compared to basal type tumors, luminal tumors 
appear to have less aggressive natural histories but are also less sensitive to chemo-
therapy [82, 95]. In a retrospective study of patients who received cisplatin-based 
NACT, MIBCs with a p53-like luminal subtype (corresponding to TCGA cluster II) 
appeared to be chemoresistant with lower chance of downstaging to non-muscle- 
invasive disease at time of cystectomy [82]. A transcriptomic analysis comparing 
pre-treatment TURBT specimens from 343 patients with MIBC to 476 cases that 
did not receive NACT also showed luminal tumors to have the best overall survival 
regardless of NACT and basal tumors to derive the greatest survival benefit from 
NACT compared to surgery alone [99]. A phase 2 trial of neoadjuvant ddMVAC and 
bevacizumab demonstrated that patients with basal type tumors experienced a 
higher rate of overall survival at 5 years of 91% compared to luminal (73%) and 
p53-like tumors (36%) [83]. Validation of the intrinsic molecular subtypes as pre-
dictors of cisplatin or chemotherapy sensitivity or resistance will be required in 
larger, prospective cohorts prior to implementation in clinical practice.

Another potential predictive biomarker of interest is the COXEN (Co-eXpression 
ExtrapolatioN) score, a dichotomized gene expression model which accurately pre-
dicted sensitivity to cisplatin-based therapy in a cohort of 15 patients with MIBC or 
metastatic bladder cancer [84]. The COXEN score’s ability to predict pathologic 
response was then tested in the phase 2 trial SWOG S1314 (NCT02177695), which 
randomized 237 patients with MIBC to receive either neoadjuvant ddMVAC or 
gemcitabine and cisplatin [49]. Preliminary results indicated that the COXEN score 
was not a statistically significant predictor of pathologic response in the trial’s indi-
vidual arms, though the COXEN gemcitabine-cisplatin score did predict for patho-
logic downstaging when arms were pooled [49]. No interaction between COXEN 
score and chemotherapy regimen as a predictor of pathologic response was detected 
[49]. Additional analyses focusing on genomic predictors of response are antici-
pated from S1314 specimens.

Additional biomarkers for prediction of response to neoadjuvant cisplatin-based 
chemotherapy are deleterious alterations within genes involved in DNA damage 
response and repair (DDR). The identification of DDR gene alterations as a bio-
marker of chemosensitivity began with a retrospective study of whole exome 
sequencing in patients with MIBC that identified an association between chemosen-
sitivity and somatic mutations of ERCC2 [75], a nucleotide excision repair gene that 
is mutated in 10–18% of bladder cancers [100]. The association between ERCC2 
alteration and chemosensitivity was subsequently validated [78], and mutations 
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within the helicase domain were found to be particularly indicative of cisplatin sen-
sitivity [79]. Defects in other DDR genes were also identified as predictors of 
response to cisplatin-based therapy [52, 76, 80]. In a study of patients on clinical 
trials of neoadjuvant cisplatin-based therapy, Plimack et al. demonstrated that alter-
ations in ATM, RB1, and FANCC predicted pathologic response with 87% sensitiv-
ity and 100% specificity, as well as longer overall survival [76, 77]. Subsequently, a 
multicenter phase 2 trial of neoadjuvant ddGC for MIBC showed the presence of 
deleterious DDR gene alterations to have a positive predictive value for pathologic 
downstaging to non-muscle-invasive disease of 89% [52]. Furthermore, no patients 
with deleterious DDR gene alterations had disease recurrence at a median follow-up 
of 2 years. The capacity for DDR gene alterations to predict sensitivity to platinum- 
based chemotherapy may also extend to the metastatic setting, based on an analysis 
by Teo et al. demonstrating that the presence of deleterious alterations in various 
DDR genes in metastatic urothelial carcinoma was associated with longer 
progression- free and overall survival on platinum-based therapy, with an overall 
survival of 23.7 months in DDR mutant patients versus 13 months among DDR 
wild-type patients [93]. Finally, DDR gene alterations in urothelial cancer may also 
predict clinical benefit from immune checkpoint blockade, presumably due to an 
increase in tumor neoantigens due to deficient DNA repair resulting in greater 
immunogenicity [93]. As discussed later in this chapter, immune checkpoint block-
ade in addition to or in substitution of NACT is now under intense investigation, as 
is whether DDR gene alterations may help identify patients with MIBC that are 
most likely to benefit from neoadjuvant immune checkpoint blockade [87–90].

Finally, cell-free DNA in plasma and urine is a promising potential biomarker to 
guide perioperative therapy for MIBC.  For instance, a study of 17 patients with 
MIBC receiving NACT found that detection of tumor-derived cell-free DNA in 
blood or urine just prior to the second cycle of NACT predicted disease recurrence 
with a sensitivity of 83% (95% CI 36–100%) and specificity of 100% (95% CI 
42–100%) [86]. In another study of 68 patients with MIBC treated with NACT 
before cystectomy, analysis of circulating tumor DNA (cell-free DNA in plasma) 
accurately identified patients with metastatic relapse after cystectomy with a sensi-
tivity of 100% and specificity of 98% with a median lead time over traditional imag-
ing methods of 96 days [85]. Though available data on cell-free DNA in the context 
of MIBC remains limited, these promising results suggest that larger prospective 
studies of cell-free DNA sequencing could lead to significant improvements in the 
perioperative management of MIBC.

 Risks of Clinical Understaging in MIBC

Given the potential for biomarkers to predict response to cisplatin-based therapy, 
trials are currently underway to test whether biomarker-driven strategies may allow 
for selection of patients who may be spared radical cystectomy after achieving a 
complete clinical response to NACT.  This includes the phase 2 trial Alliance 
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A031701, wherein patients who have MIBC harboring a deleterious DDR gene 
alteration and achieve downstaging to noninvasive disease or a complete clinical 
response after cisplatin-based NACT may opt for bladder preservation 
(NCT03609216). The RETAIN trial is also investigating bladder sparing for MIBC 
patients with alterations of ATM, RB1, FANCC, or ERCC2 and no clinical evidence 
of disease following neoadjuvant accelerated MVAC (NCT02710734) [81]. If deter-
mined safe and effective, such biomarker-driven approaches could significantly 
improve patient quality of life by avoiding the morbidity of definitive local therapy 
in a subset of patients with MIBC.

However, pending results of such studies, it is crucial to emphasize that all 
patients with MIBC who are able should proceed to definitive local therapy follow-
ing completion of NACT, even if a complete clinical response is documented [101]. 
Multiple studies have identified frequent understaging by TURBT (pre- and post- 
NACT) and imaging when compared to pathologic staging at radical cystectomy 
[25, 57, 102–105]. For instance, a 77-patient phase 2 trial of NACT followed by 
TURBT before immediate cystectomy versus cystoscopic surveillance for patients 
with a clinical complete response found that, among patients with a clinical com-
plete response who underwent immediate cystectomy (n = 10), 60% had persistent 
cancer upon surgical pathologic evaluation [57]. The substantial risk of clinical 
understaging has since been confirmed in multiple later studies [25, 57, 103–105]. 
While outside the scope of this chapter, bladder preservation through use of defini-
tive chemoradiation in lieu of radical cystectomy may be offered to carefully 
selected patients with localized MIBC [106, 107].

 Immune Checkpoint Blockade as Neoadjuvant Therapy

Though cisplatin-based NACT improves survival of patients with MIBC, up to 50% 
of patients with MIBC are ineligible for cisplatin due to comorbidities such as kid-
ney dysfunction and neuropathy [36], resulting in an urgent unmet need for alterna-
tive neoadjuvant options. Investigation of immune checkpoint blockade as an 
alternative neoadjuvant strategy offers a promising opportunity to improve care for 
cisplatin-ineligible patients with MIBC.

 Neoadjuvant Anti-programmed Death-1(PD-1)/Programmed 
Death Ligand-1 (PD-L1) Monotherapy

Two single-arm, phase 2 trials of anti-PD-1/PD-L1 monotherapy have been pub-
lished to date. PURE-01 was a 114-patient trial of neoadjuvant pembrolizumab and 
enrolled patients with T2–4aN0M0 disease regardless of cisplatin eligibility [87, 
108]. In contrast, ABACUS was a trial of neoadjuvant atezolizumab for 95 patients 
with T2–4aN0M0 disease who were cisplatin-ineligible [88]. Pathologic response 

17 Neoadjuvant and Adjuvant Therapy for Muscle-Invasive Bladder Cancer



362

rates for both trials were promising, with 31% of patients in ABACUS achieving 
ypT0/Tis and 42% achieving ypT0 in PURE-01. PURE-01 also recently reported 
results specifically for bladder cancers with >50% variant histology (n  =  30), a 
patient population often excluded from clinical trials, and demonstrated ypT0  in 
37% of patients (95% CI 28–46%) at cystectomy [108]. Toxicity profiles in both 
trials were manageable, with grade 3 or higher adverse events in 11% or less of 
patients in both trials [87, 88, 108].

Several unresolved controversies exist regarding the results of PURE-01 and 
ABACUS. PURE-01’s relatively high pCR rate may not be generalizable given an 
exceptionally high frequency of PD-L1 positivity in 70% of pre-treatment tumors 
included in the trial [87]. Moreover, while PURE-01 reported a statistically signifi-
cant association between PD-L1 CPS ≥ 10% and ypT0 at cystectomy (p = 0.011), 
ABACUS found no statistically significant association [87, 88]. Notably, compari-
son of PD-L1 expression between these trials is hampered by differences in PD-L1 
assessment methodology. While PURE-01 defined PD-L1 positivity as a combined 
positive score (percentage of PD-L1-positive immune cells plus PD-L1-positive 
tumor cells) of 10% or higher based on the Dako 22C3 pharmDx assay [87], in 
ABACUS, tumors were considered PD-L1 positive if 5% or more of immune cells 
stained positive for PD-L1 using the Ventana SP142 assay [88]. With regard to 
tumor mutational burden (TMB), PURE-01 reported a significant nonlinear associa-
tion between complete pathologic response and elevated TMB, while ABACUS did 
not [87, 88]. Future studies are clearly necessary to define the predictive capacity of 
PD-L1 positivity, TMB, and several other biomarkers for neoadjuvant checkpoint 
blockade. Additional ongoing trials are summarized in Table 17.2.

 Combined Blockade of Cytotoxic T-Lymphocyte Antigen 4 
(CTLA-4) and PD-1/PD-L1 in the Neoadjuvant Setting

The ABACUS trial indicated that neoadjuvant anti-PD-1/PD-L1 monotherapy may 
be less effective in the context of bulky disease as well as in tumors without evi-
dence of pre-existing T cell immunity, as denoted by low levels of intraepithelial 
CD8+ T cells and an eight-gene cytotoxic T cell transcriptional signature, tGE8 
[88]. This finding motivated investigation of combination immunotherapy as a 
means to increase treatment responses in higher-risk patients and tumors without 
pre-existing T cell immunity [89, 90].

Three phase 2 trials recently reported results after investigating the addition of 
anti-CTLA-4 to PD-1/PD-L1 blockade for bladder cancer in the neoadjuvant setting 
[89, 90, 92]. The single-arm NABUCCO trial enrolled 24 patients with stage III 
urothelial cancer and administered two doses of ipilimumab (anti-CTLA-4) and two 
doses of nivolumab (anti-PD-1) over the course of 3 total treatment days followed 
by surgical resection [89]. Approximately half of the patients in the NABUCCO 
trial were ineligible for cisplatin, while the remainder had refused standard 
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Table 17.2 Ongoing trials evaluating neoadjuvant immune checkpoint blockade therapy for 
muscle-invasive bladder cancer

Therapy Phase Stage eligibility

Cisplatin- 
eligible 
patients 
(Yes/No) Trial identifier Status

Anti-PD-1/PD-L1 monotherapy

Pembrolizumab 
(PANDORE)

2 T2–4N0 or Nx No NCT03212651 Active, not 
recruiting

Atezolizumab 2 T2–4N0M0 No NCT03577132 Not yet 
recruiting

Atezolizumab 2 T < 2, 
T2–4N0M0

No NCT02451423 Recruiting

Atezolizumab 
(ABACUS)

2 T2–4aN0M0 No NCT02662309 Results 
reported [88]; 
active, not 
recruiting

Chemotherapy-free combination regimens

Pembrolizumab + 
epacadostat 
(PECULIAR)

2 T2–3bN0M0 Yes NCT03832673 Not yet 
recruiting

Nivolumab ± urelumab 2 T2–4aN0M0 No NCT02845323 Recruiting
Nivolumab ± lirilumab 
(PrE0807)

1 T2–4aN0–1 M0 No NCT03532451 Active, not 
recruiting

Durvalumab ± 
oleclumab (BLASST-2)

1 T2–4aN0M0 No NCT03773666 Partial results 
reported [109]; 
recruiting

Durvalumab ± olaparib T2–4aN0M0 or 
T1–4aN1M0

No NCT04579133 Not yet 
recruiting

Atezolizumab + 
cabozantinib (ABATE)

2 T2–4aN0/xM0 No NCT04289779 Recruiting

Pembrolizumab + 
entinostat

2 T2–4aN0M0 No NCT03978624 Recruiting

Nivolumab + CG0070 2 T2–4aN0–1 M0 No NCT04610671 Recruiting
Retifanlimab ± 
epacadostat vs 
epacadostat alone 
(Optimus)

2 T2–3bN0M0 No NCT04586244 Recruiting

Nivolumab + 
ipilimumab 
(NABUCCO)

1 T3–4N0 or N+ No NCT03387761 Results 
reported [89]; 
recruiting

Nivolumab ± 
ipilimumab 
(CA209-9DJ)

2 T2–4aN0M0 No NCT03520491 Recruiting

Durvalumab + 
tremelimumab 
(DUTRENEO)

2 T2–4N0 or N1 Yes/no NCT03472274 Preliminary 
results [92]; 
recruiting

(continued)
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Table 17.2 (continued)

Therapy Phase Stage eligibility

Cisplatin- 
eligible 
patients 
(Yes/No) Trial identifier Status

Durvalumab + 
tremelimumab

1 T2–4aN0M0 No NCT02812420 Results 
reported [90]; 
active, not 
recruiting

Balstilimab + 
zalifrelimab + 
gemcitabine/cisplatin

2 T2–4N0–1 M0 Yes NCT04430036 Recruiting

Durvalumab + radiation 
(RADIANT)

2 T2–4aN0M0 No NCT04543110 Not yet 
recruiting

Neoadjuvant and 
adjuvant 
pembrolizumab ± 
enfortumab vedotin 
(KEYNOTE-905/
EV-303)

3 T2–4aN0M0 No NCT03924895 Recruiting

Neoadjuvant and 
adjuvant nivolumab ± 
bempegaldesleukin

3 T2–4aN0M0 No NCT04209114 Recruiting

Chemoimmunotherapy combinations

Nivolumab + 
gemcitabine/cisplatin 
(BLASST-1)

2 T2–4aN0M0 Yes NCT03294304 Results 
reported [110]; 
active, not 
recruiting

Nivolumab + aMVAC, 
with selective bladder 
preservation 
(RETAIN-2)

2 T2–3N0M0 Yes NCT04506554 Not yet 
recruiting

Avelumab (AURA) ±  
chemotherapy

2 T2–4N0
or N+

Yes/no NCT03674424 Recruiting

Pembrolizumab + 
gemcitabine/cisplatin

2 T2–4N0 or Nx Yes NCT02690558 Active, not 
recruiting

Pembrolizumab + 
aMVAC

2 T2–4aN0–1 M0 Yes NCT04383743 Recruiting

Atezolizumab + 
gemcitabine/cisplatin

1/2 T2–4aN0/XM0 Yes NCT02989584 Active, not 
recruiting

Nivolumab + 
gemcitabine/cisplatin 
with selective bladder 
sparing

2 T2–4aN0M0 Yes NCT03558087 Recruiting

Gemcitabine/cisplatin + 
toripalimab

2 T2–4aN0M0 Yes NCT04099589 Recruiting

Durvalumab + 
tremelimumab + 
ddMVAC (NEMIO)

1/2 T2–4aN0–1 M0 Yes NCT03549715 Recruiting
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cisplatin- based therapy. Twenty-three patients (96%, 95% CI, 79–100%) underwent 
surgery within 12 weeks of initiating study therapy, meeting the trial’s primary end-
point of feasibility. The study also reported a pCR rate (ypT0N0) of 46% (95% CI, 
26–67%), and 58% (95% CI, 37–77%) of patients had no invasive disease remain-
ing at time of resection (defined as pCR or pTisN0/pTaN0) [89]. At a median post-
operative follow-up of 8.3 months, two patients developed recurrent disease and one 
patient in the trial had died, attributed to progression of disease. While grade 3–4 
immune- related adverse events occurred in 55% of patients, 14% of these were 
considered clinically insignificant laboratory abnormalities [89].

A separate single-arm study of durvalumab (anti-PD-L1) plus tremelimumab 
(anti-CTLA-4) included 28 patients with high-risk, muscle-invasive urothelial can-
cer, defined by clinical T3/T4 disease, variant histology, lymphovascular invasion, 
hydronephrosis, and/or high-grade upper tract disease [90]. Ninety percent of 
patients were cisplatin-ineligible; the remainder had refused cisplatin-based chemo-
therapy. In the intention-to-treat analysis, the trial reported a pCR rate of 31.7%, 
which included patients with ypT0N0 or residual ypTisN0 at surgery. Downstaging 
in the intent-to-treat analysis to non-muscle-invasive disease occurred in 50% of 
patients. Overall survival at 1 year was 88.8%, with a relapse-free survival of 82.8% 
[90]. Notably, only six patients (21%) experienced grade 3 or higher immune- 
related adverse events, of which four were asymptomatic laboratory abnormalities.

The multicenter phase 2 DUTRENEO trial also reported results of neoadjuvant 
durvalumab plus tremelimumab versus chemotherapy for muscle-invasive 

Table 17.2 (continued)

Therapy Phase Stage eligibility

Cisplatin- 
eligible 
patients 
(Yes/No) Trial identifier Status

Atezolizumab + 
BCG + gemcitabine/
cisplatin

2 T2–4aN0–1 M0 Yes NCT04630730 Not yet 
recruiting

Gemcitabine/cisplatin ± 
neoadjuvant and 
adjuvant nivolumab ± 
neoadjuvant linrodostat 
(ENERGIZE)

3 T2–4aN0M0 Yes NCT03661320 Recruiting

Gemcitabine/cisplatin ± 
neoadjuvant and 
adjuvant 
pembrolizumab 
(KEYNOTE-866)

3 T2–4aN0M0 Yes NCT03924856 Recruiting

Gemcitabine/cisplatin ± 
neoadjuvant and 
adjuvant durvalumab 
(NIAGARA)

3 T2–4aN0M0 Yes NCT03732677 Recruiting

Abbreviations: aMVAC accelerated methotrexate, vinblastine, doxorubicin, and cisplatin, BCG 
bacillus Calmette-Guérin, ddMVAC dose-dense methotrexate, vinblastine, doxorubicin, and cispl-
atin; PD-1/PD-L1 programmed death-1/programmed death ligand-1
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urothelial bladder cancer (cT2–4a, N ≤ 1, M0) [92]. In this study, cisplatin-eligible 
patients were prospectively selected using a tumor pro-inflammatory interferon-
gamma signature; patients with “hot” tumors were randomized to durvalumab 
1500 mg plus tremelimumab 75 mg every 4 weeks for three cycles versus standard 
gemcitabine/cisplatin or ddMVAC, while patients with “cold” tumors were given 
standard cisplatin- based chemotherapy only. Sixty-one patients were recruited. 
Among patients with hot tumors, 23 received durvalumab plus tremelimumab with 
8 (34.8%) achieving a pCR; 22 received standard chemotherapy, of which 8 (36.4%) 
achieved a pCR (odds ratio 0.923). Among patients with cold tumors, 16 received 
cisplatin-based chemotherapy, with 11 (68.8%) achieving pCR. Twenty-two percent 
of patients who received durvalumab/tremelimumab experienced grade 4 toxicities, 
in comparison to 36.4% of hot patients and 62.5% of cold patients who received 
chemotherapy [92]. The authors concluded that durvalumab plus tremelimumab 
appeared to be active and safe in patients with MIBC, though the interferon-gamma 
signature failed to select patients more likely to benefit from immunotherapy versus 
chemotherapy.

Overall, these findings suggest that combination anti-CTLA-4 plus anti-PD-1/
PD-L1 blockade may hold promise as neoadjuvant therapy for locoregionally 
advanced cancers of the urothelial tract. While the aforementioned findings suggest 
that neoadjuvant ipilimumab plus nivolumab may have greater efficacy than dur-
valumab plus tremelimumab, both trials were small and cross-trial comparisons are 
of course fraught with caveats. The two trials of combination neoadjuvant immune 
checkpoint blockade featured notable differences in their respective patient popula-
tions. For example, while 42% of patients in the NABUCCO study had clinical 
lymph node involvement at baseline, all patients enrolled in the single-arm trial of 
durvalumab and tremelimumab were node-negative. There was also significant vari-
ability in cisplatin eligibility and tumor baseline characteristics. For example, only 
half of patients in the NABUCCO study were cisplatin-ineligible, and 63% were 
PD-L1 positive [89]. Differences in activity and toxicity could also be related to 
differences in dosing of the anti-CTLA-4 agents, given evidence of such dose 
dependency in melanoma [111]. Notably, these trials showed increased rates of 
immunotherapy-related adverse events compared to trials of anti-PD-1/PD-L1 
monotherapy [88, 108], consistent with prior data from patients with metastatic 
urothelial cancer [112].

 Neoadjuvant Combinations of Immune Checkpoint Blockade 
with Targeted Agents

The phase 2 trial, BLASST-2, recently reported preliminary results from the first 
ten-patient cohort enrolled on its single-arm study of neoadjuvant durvalumab 
750 mg every 2 weeks for three cycles prior to radical cystectomy [109]. All ten 
patients completed three cycles of durvalumab, and there were no dose-limiting 
toxicities. Eight patients underwent radical cystectomy with at least 12 weeks of 
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post-op follow-up at time of reporting. Pathologic downstaging to non-muscle- 
invasive disease at time of surgery was seen in 25% (2 of 8) patients with ypT0 in 
12.5% (n  =  1) of patients. Results of the second ten-patient cohort, which will 
receive durvalumab with the addition of the CD73 inhibitor oleclumab, are yet to be 
reported (NCT03773666).

The phase 2 NEODURVARIB trial of combination durvalumab plus olaparib 
prior to surgery enrolled 29 patients with cT2–4a MIBC [113]. Presented at ESMO 
2020, two patients required early withdrawal due to disease progression and sepsis, 
but 89.7% of patients successfully underwent cystectomy, and the combination of 
durvalumab and olaparib prior to surgery was well tolerated with grade 3 toxicity in 
only 3.4% of patients. In the 26 patients who underwent cystectomy, the pCR rate 
was 50% [113]. The full results of the trial are yet to be published.

 Addition of Neoadjuvant Immune Checkpoint Blockade 
to Chemotherapy

Addition of immune checkpoint blockade to chemotherapy is also under investiga-
tion in the neoadjuvant setting. The phase 2 BLASST-1 trial enrolled 41 patients 
with MIBC (cT2–4a, N ≤ 1, M0) and treated them with cisplatin 70 mg/m2 on day1, 
gemcitabine 1000 mg/m2 on days 1 and 8, and nivolumab 360 mg on day 8 of a 
21-day cycle for 4 cycles, followed by radical cystectomy within 8 weeks [110]. In 
the intent-to-treat analysis, a pathologic response, defined as ≤ypT1N0 at surgery, 
was achieved in 65.8% of patients (n = 27), including patients with N1 disease at 
baseline. Most adverse events were attributed to gemcitabine and cisplatin, with 
grade 3 to 4 adverse events occurring in 20% of patients overall. Immune-related 
adverse events occurred in only three patients. No delay to cystectomy or unex-
pected surgical complications were observed [110].

The phase 1b/2 trial HCRN GU14-188 enrolled both cisplatin-eligible and 
cisplatin- ineligible patients with cT2–4aN0M0 disease [114, 115]. In the cisplatin- 
eligible arm, 43 patients were enrolled and treated with standard cisplatin 70 mg/m2 
on day 1 plus gemcitabine 1000  mg/m2 on days 1 and 8 of a 21-day  cycle for 
4 cycles, with addition of pembrolizumab 200 mg starting on cycle 1 day 8 and 
given every 3 weeks for 5 doses, prior to radical cystectomy. Only patients who 
underwent surgery and received at least one dose of pembrolizumab were included 
in the efficacy analysis (36 patients of a total 43 enrolled). ypT0N0 was achieved in 
44.4% of patients, while ≤pT1N0 was achieved in 61.1%. Pathologic downstaging 
did not correlate with PD-L1 score and occurred even in patients with cT3/4 dis-
ease. Grades 3 to 4 adverse events did occur in a number of patients, including 
cytopenias in 57% of patients, one grade 3 myocardial infarction, one grade 4 hypo-
natremia, and ten other grade 3 adverse events. Median time to surgery from the 
final dose of protocol therapy was 5.3 weeks. Of four patients that did not undergo 
cystectomy, three refused and one did not proceed due to grade 4 thrombocytopenic 
purpura, though all four patients were alive without recurrence at a median 
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follow- up of 32  months. At a median follow-up of 34.2  months, the estimated 
36-month recurrence-free, overall, and disease-specific survival rates were 63%, 
82%, and 87%, respectively [114]. In the cisplatin-ineligible arm, 37 patients were 
enrolled and treated with gemcitabine 1000  mg/m2 on days 1, 8, and 15 of a 
28-day cycle for 3 cycles, with pembrolizumab 200 mg every 3 weeks starting on 
day 8 of cycle 1 and continued for five doses [116]. ypT0N0 was achieved in 45.2% 
of patients, and 51.6% of patients had downstaging to non-muscle-invasive disease. 
At a median follow-up of 10.8  months, the estimated 12-month recurrence-free, 
overall, and disease-specific survival was 74.9%, 93.8%, and 100%. Treatment-
related adverse events appeared manageable and included grade 3 to 4 neutropenia 
in 24% of patients, anemia in 13%, and thrombocytopenia in 5%. There were grade 
3 non- hematologic adverse events in 36% of patients, two of which prevented radi-
cal cystectomy. The authors noted that pathologic downstaging in this cisplatin-
ineligible cohort using a cisplatin-free regimen was comparable to standard of care 
cisplatin- based chemotherapy [116].

 Phase 3 Trials of Neoadjuvant Immune Checkpoint Blockade

Multiple phase 3 trials investigating neoadjuvant immune checkpoint blockade are 
currently underway. Several are employing anti-PD-1/PD-L1 inhibitors in combina-
tion with cisplatin-based chemotherapy for cisplatin-eligible patients, including 
ENERGIZE, a trial of neoadjuvant gemcitabine/cisplatin alone or in combination 
with nivolumab (neoadjuvant and adjuvant) with or without linrodostat, a selective 
oral IDO1 inhibitor (NCT03661320) [117]; KEYNOTE-866, a trial of neoadjuvant 
gemcitabine/cisplatin plus perioperative pembrolizumab (neoadjuvant and adjuvant) 
versus placebo (NCT03924856) [118]; and the NIAGARA trial, investigating neo-
adjuvant durvalumab in combination with gemcitabine/cisplatin followed by adju-
vant durvalumab versus neoadjuvant gemcitabine/cisplatin alone (NCT03732677) 
[119]. Trials for cisplatin-ineligible patients include NCT04209114, a study of neo-
adjuvant and adjuvant nivolumab plus bempegaldesleukin (Bempeg/NKTR-214, a 
CD122-preferential IL2 pathway agonist) versus nivolumab alone versus standard of 
care surgery alone, and MK-3475-905/KEYNOTE-905/EV-303, a trial of periopera-
tive pembrolizumab (both neoadjuvant and adjuvant) plus cystectomy or periopera-
tive pembrolizumab plus enfortumab vedotin (both neoadjuvant and adjuvant) 
(NCT03924895). The results of these studies may transform the standard of care for 
preoperative management of MIBC, and their findings are eagerly awaited.

 Immune Checkpoint Blockade in the Adjuvant Setting

Evaluation of immune checkpoint blockade as adjuvant therapy for MIBC is an 
active area of investigation. In contrast to trials of adjuvant chemotherapy, where 
adequate accrual has been hindered by time to recovery from cystectomy and 
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toxicities related to cisplatin-based chemotherapy [68–71], the favorable toxicity 
profiles of anti-PD-1/PD-L1 agents have made accrual to adjuvant trials more fea-
sible [120, 121].

In the phase 3 adjuvant atezolizumab trial IMvigor010, patients with (1) ypT2-4a 
or pN+ disease following NACT or (2) pT3-4a or pN+ if no NACT, patients were 
randomized to atezolizumab 1200 mg every 3 weeks for 16 cycles or observation. 
The trial failed to demonstrate a statistically significant improvement in disease-free 
survival (stratified HR 0.89, 95% CI 0.74–1.08, p = 0.24) or overall survival (strati-
fied HR 0.85, 95% CI 0.66–1.09, p = 0.20) [120]. This also appeared true regardless 
of PD-L1 status, with patients categorized as IC2/3 (PD-L1 expressing immune 
cells by Ventana SP142 assay ≥5%) experiencing a stratified HR of 1.01 (95% CI 
0.75–1.35) and patients categorized as IC0/1 (PD-L1 < 5%) with a stratified HR of 
0.81 (95% CI 0.63–1.05). The authors noted that a higher percentage of patients 
discontinued therapy due to adverse events compared to studies in the metastatic 
setting.

In contrast, CheckMate-274, a phase 3, placebo-controlled trial of nivolumab 
following surgery in patients with high-risk, muscle-invasive urothelial carcinoma, 
has met its primary endpoint for improving disease-free survival according to a 
recent industry press release [121, 122]. This endpoint was met in all randomized 
patients as well as in patients with PD-L1 expression on 1% or more of tumor cells. 
Patients included in the study may or may not have previously received 
NACT. Presentation and publication of the study’s full findings are eagerly awaited.

Results of Alliance A031501/AMBASSADOR, a phase 3 trial of adjuvant pem-
brolizumab for localized MIBC and locoregionally advanced urothelial cancer, are 
also expected in the near future (NCT03244384) [123]. A randomized controlled 
phase 2 trial of adjuvant durvalumab versus surveillance for MIBC (NCT03768570) 
is also ongoing. As noted above, a number of studies are also investigating adjuvant 
immune checkpoint blockade in conjunction with neoadjuvant immune checkpoint 
blockade and other neoadjuvant therapies (ENERGIZE, NCT03661320; 
KEYNOTE-866, NCT03924856; NIAGARA, NCT03732677; AMBASSADOR, 
NCT03924895).

 Non-immunotherapy Investigational Treatments 
in the Perioperative Space

While studies in the perioperative space are extensively exploring checkpoint block-
ade, trials exploring other non-chemotherapy agents have been reported or are 
underway. A phase 2 trial of neoadjuvant erlotinib enrolled 20 patients with clinical 
T2 MIBC and reported a ypT0 rate of 25%, with 35% of patients downstaged to 
non-muscle-invasive disease and 75% with organ-confined disease [124]. Notably, 
all patients that achieved ypT0 or ypTis/T1 experienced a rash during treatment. At 
a median follow-up of 24.8 months, 50% of patients remained alive without evi-
dence of disease recurrence.
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Another neoadjuvant single-arm, phase 2 trial for MIBC investigated the combi-
nation of gemcitabine and cisplatin with the tyrosine kinase inhibitor sunitinib 
[125]. Of 18 patients enrolled, 15 were evaluable for efficacy endpoints. Only one 
patient achieved ypT0N0 at cystectomy, while five (33%) experienced downstaging 
to non-muscle-invasive disease, suggesting little additional activity with sunitinib. 
Notably, the regimen caused neutropenia requiring G-CSF support, and more than 
half of patients experience grade 3 or 4 adverse events.

NEO-BLADE, a phase 2 randomized placebo-controlled trial of neoadjuvant 
nintedanib, an oral small molecule multi-targeted kinase inhibitor of VEGFR-2, 
FGFR-1, and PDGFR, versus placebo with GC in locally advanced MIBC failed to 
demonstrate a statistically significant improvement in pCR [126]. However, patients 
who received nintedanib experienced a 12-month PFS rate of 89.0% compared to 
74.1% in the placebo arm (HR 0.48, 95% CI 0.24–0.98, p = 0.038). Moreover, OS 
at 12 and 24 months was 96% and 89% in the nintedanib group compared to 83% 
and 69% in the placebo arm (HR 0.39, 95% CI 0.168–0.902, p = 0.022). The etiol-
ogy of the improved survival in the absence of an improvement in pathologic 
response rate in the nintedanib arm remains unclear, and these results require con-
firmation in additional trials.

Ongoing perioperative trials of non-chemotherapy, non-immune checkpoint 
blockade regimens also include PROOF 302, a randomized double-blind, placebo- 
controlled trial of the FGFR inhibitor infigratinib as adjuvant therapy for invasive 
urothelial carcinoma with susceptible alterations of FGFR3 (NCT04197986) [127], 
and a single-arm phase 1 trial investigating use of the anti-CD38 monoclonal anti-
body, daratumumab, prior to radical cystectomy for cisplatin-ineligible patients 
with MIBC (NCT03473730).

Finally, an additional area of investigation in the perioperative space is the imple-
mentation of novel drug delivery systems to boost efficacy while simultaneously 
limiting toxicity. In 2017, results were reported for a phase 1b trial of the novel 
gemcitabine-releasing intravesical system TAR-200 [128]. Among ten patients with 
MIBC who received treatment with TAR-200 prior to radical cystectomy, there 
were no treatment-related serious adverse events or discontinuations and no 
treatment- related cytopenias. Indeed, while pharmacokinetic analyses confirmed 
measurable levels of gemcitabine in urine, no gemcitabine was detected in plasma. 
Four of the ten patients treated had no residual muscle-invasive disease at time of 
cystectomy. Given these early signs of efficacy and noteworthy tolerability, this 
drug delivery system may warrant further investigation in the neoadjuvant space, 
perhaps in combination with other agents such as immune checkpoint blockade for 
patients that are less likely to tolerate systemic chemotherapy.

 Conclusions

Level I evidence derived from multiple prospective clinical trials and a meta- 
analysis supports the clinically meaningful survival advantage conferred by neoad-
juvant cisplatin-based chemotherapy for patients with MIBC [5]. While adjuvant 
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chemotherapy offers potential advantages over neoadjuvant therapy, such as treat-
ment selection based on complete histopathologic staging, trials of adjuvant chemo-
therapy for MIBC have been plagued by poor accrual, and therefore NACT remains 
preferred over adjuvant therapy whenever feasible [68–71]. Given the current 
inability to predict which patients will or will not benefit from neoadjuvant cisplatin- 
based chemotherapy, numerous biomarkers remain under investigation as potential 
predictors of chemosensitivity, including but not limited to alterations of DDR 
genes [49, 52]. Studies employing such biomarkers with intent to safely select 
patients for bladder sparing after NACT are also underway [81].

Following the FDA approval of several checkpoint inhibitors in metastatic UC, 
immunotherapy is being explored extensively in combination with NACT [110, 
114]. Moreover, given the favorable toxicity profile of this treatment modality com-
pared to chemotherapy, single-agent checkpoint blockade is being investigated in 
the cisplatin-ineligible patient population and as adjuvant therapy following upfront 
cystectomy, with at least one adjuvant study of nivolumab meeting its primary end-
point [88–90, 92, 108, 109, 113, 120, 122].

Additionally, trials of novel targeted agents, including FGFR inhibitors and 
multi-targeted kinase inhibitors, are another area of active investigation in the peri-
operative management of patients with MIBC, and the widespread adoption of next- 
generation sequencing will allow for genetic selection of patients in real time who 
are most likely to benefit from these treatments [124–127]. Additionally, novel plat-
forms such as cell-free DNA are expected to risk stratify patients for treatment 
based upon the presence of radiographically undetectable minimal residual dis-
ease [85].

Clearly, the approach to MIBC is rapidly evolving. The influx of novel therapies 
and biomarker-based platforms will hopefully lead to an individualized approach, 
including both operative and organ-sparing approaches, to the management of 
patients with muscle-invasive disease.
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Chapter 18
Bladder-Sparing Approaches to Treatment 
of Muscle-Invasive Bladder Cancer

Amishi Bajaj and Sean Sachdev

 Background

Bladder cancer is the tenth most common cancer worldwide, with an incidence 
steadily increasing over time, especially in developed nations [1]. Muscle-invasive 
bladder cancer (MIBC) is defined as bladder cancer that has invaded at least to the 
depth of the muscularis propria of the bladder wall, characterized as pathologic T2 
by the most recent edition of American Joint Commission on Cancer (AJCC) TNM 
staging [2]. MIBC comprises about 30% of bladder malignancies and encompasses 
histologies including urothelial (formerly known as transitional cell) carcinoma – 
which is the most common histology in the United States, accounting for 90% of 
diagnoses – as well as squamous cell carcinoma (accounting for most of the remain-
ing 10%), adenocarcinoma, and neuroendocrine carcinoma [1]. Development of 
urothelial carcinoma is strongly linked to tobacco usage and environmental expo-
sure in the developed world [3], whereas squamous cell carcinoma is frequently 
diagnosed in regions of Africa and the Middle East and manifests in the setting of 
chronic irritation, such as that secondary to the protozoan infection schistosomi-
asis [4].

The most common presentation of MIBC is painless gross hematuria, which is 
often assessed by urine cytology, computed tomography (CT), or magnetic reso-
nance (MR) urography for complete imaging of the genitourinary tract and, ulti-
mately, cystoscopy [5]. At the time of cystoscopy, which allows for direct 
visualization of the bladder lumen, transurethral resection of bladder tumor 
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(TURBT) is commonly performed for both pathologic confirmation and tumor deb-
ulking. If muscular invasion is noted in the pathologic specimen (i.e., confirming 
pT2 disease), patients are additionally recommended to receive imaging to assess 
for metastases [6]. Table 18.1 describes AJCC 8th edition TNM classification stag-
ing for bladder cancer. For patients with muscle-invasive disease, definitive man-
agement is oft considered a subject of controversy; while surgical resection has 
been historically regarded as the most standard approach, bladder-sparing treat-
ments are being increasingly utilized as an alternative, effective approach for select 
patients. Each of these treatment options will be addressed, with emphasis on and 
comparisons with bladder preservation.

 Historical Approaches to MIBC

 Radical Cystectomy

MIBC has historically been treated with radical cystectomy (RC), a surgery involv-
ing resection of the bladder, adjacent fat, distal ureters, and peritoneum with a pel-
vic lymph node dissection [7]. For men, the prostate and seminal vesicles are 
additionally removed; for women, the anterior vaginal wall, uterus, fallopian tubes, 
and ovaries are additionally removed. The standard pelvic lymph node dissection 
involves removal of the obturator nodes, external and internal iliac nodes, and the 
most inferiorly situated common iliac nodes [7]. An ongoing phase III randomized 

Table 18.1 AJCC 8th edition TNM classification staging for bladder cancer

T Tx: Primary tumor cannot be assessed
T0: No evidence of primary tumor
Ta: Non-invasive papillary carcinoma
Tis: Carcinoma in situ
T1: Tumor invades sub-epithelial connective tissue
T2: Tumor invades muscularis propria
   pT2a: Tumor invades superficial layer (inner half)
   pT2b: Tumor invades deep layer (outer half)
T3: Tumor invades perivesical tissue
   pT3a: Microscopic invasion
   pT3b: Macroscopic invasion
T4: Tumor invasion into adjacent pelvic organs
   T4a: Prostate, uterus, vagina
   T4b: Pelvic wall or abdominal wall

N Nx: Lymph nodes cannot be assessed
N0: No lymph node metastasis
N1:  Single lymph node metastasis in the true pelvis (hypogastric, obturator, external iliac, or 

presacral)
N2:  Multiple regional lymph node metastases in the true pelvis (hypogastric, obturator, 

external iliac, or presacral)
N3: Lymph node metastasis to the common iliac lymph nodes

M M0: No distant metastasis
M1: Distant metastasis
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clinical trial (RCT) comparing standard pelvic lymphadenectomy to an extended 
lymphadenectomy for patients with pT2-T4a disease (SWOG S1011) is aiming to 
compare the disease-free survival (DFS) rates between these two surgical approaches 
[8], although results from the recently published LEA AUO AB 25/02 trial out of 
Europe suggest no reduction in the rate of locoregional recurrence (LRR) with 
extended pelvic lymph node dissection [9].

Following resection of the bladder, a urinary diversion is performed; both non- 
continent and continent options for urinary diversion are available. An ileal conduit 
is a non-continent diversion comprised of small bowel: a channel is created with the 
ureters attached to it, and it exits through the skin overlying the abdomen by a stoma 
emptying into a receptacle for urine collection [10]. An ileal conduit is the most 
commonly utilized type of urinary diversion following RC [10]. Two types of con-
tinent diversions include an Indiana pouch, which is a portion of ileum that is con-
structed to act as a urinary reservoir that allows for the patient to intermittently 
self-catheterize, and an orthotopic “neobladder,” which is a urinary pouch created 
from small or large bowel (ileum, ileo colon, or sigmoid colon) and then anasto-
mosed to the distal urethra [11]. The benefits/drawbacks of one diversion versus 
another and/or picking the optimal approach for a patient are beyond the scope of 
this chapter.

Large, retrospective, single-institution series out of the University of Southern 
California (USC) and Memorial Sloan Kettering Cancer Center (MSKCC) pub-
lished in the early 2000s highlight outcomes after RC [12]. The USC experience 
reported on 633 patients with pT2-T4a disease managed with RC with a 5-year 
actuarial overall survival (OS) rate of 48% at a 5-year median follow-up and 32% at 
a 10-year median follow-up [7]. The MSKCC group studied 184 patients with pT2- 
T4 disease and found a 5-year OS rate of 36% and 27% at 10 years [13]. Later, the 
Southwest Oncology Group (SWOG), Eastern Cooperative Oncology Group 
(ECOG), and Cancer and Leukemia Group B (CALGB) published results of a trial 
investigating the implementation of neoadjuvant chemotherapy (NAC) with three 
cycles of methotrexate, vinblastine, doxorubicin, and cisplatin (MVAC) in patients 
with cT2-T4a disease receiving RC (SWOG 8710) and found improved OS with 
addition of NAC [14], with a 5-year OS of 50% and a 10-year OS of 34% [12]. Data 
from the Advanced Bladder Cancer (ABC) meta-analysis collaboration analyzed 
over 3000 patients from 11 trials and reported a 5% absolute improvement in OS at 
5  years with the addition of platinum-based combination chemotherapy [15]. 
Accompanying data additionally suggests that up to 30% of patients are unable to 
complete planned adjuvant systemic therapy due to perioperative morbidity [16], 
thereby solidifying the role for NAC as standard of care.

 Postoperative Radiotherapy

For patients felt to be at high risk of LRR following RC, postoperative radiotherapy 
(PORT) following RC may additionally be considered [17, 18]. Patients receiving 
PORT may include patients with higher T stage (pT3-T4), positive surgical margins, 
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and involved lymph nodes identified during surgical dissection [19]. To date, only a 
single study by the National Cancer Institute of Egypt has assessed administration 
of PORT following RC. Patients enrolled included 236 patients with pT3-T4 dis-
ease, and radiotherapy (RT) was administered either using a conventional fraction-
ation scheme (daily RT to a total dose of 50 Gy over 5 weeks) or in a thrice daily 
fashion (at 1.25 Gy per fraction with 3 hours between fractions, to a total dose of 
37.5 Gy given over the course of 12 days) [17]. While the study found improved 
local control (87–93% vs. 50%) and DFS (44–49% vs. 25%) for patients receiving 
PORT compared to RC only, 68% of the study population had squamous cell carci-
noma secondary to bilharzia (schistosomiasis), and it remained unclear if findings 
of this study apply to non-squamous cell histologies as well.

As patients with extensive disease identified on pathology were often receiving 
adjuvant chemotherapy as well, a subsequent study was undertaken to assess PORT 
with chemotherapy. A phase II trial compared adjuvant chemotherapy to adjuvant 
chemotherapy with sandwiched RT in patients age 70 or younger with ≥pT3b dis-
ease, grade 3 disease, or positive nodes following RC with negative margins [18]. 
Patients received either four cycles of adjuvant gemcitabine and cisplatin chemo-
therapy (n = 45) or two cycles of gemcitabine and cisplatin chemotherapy before 
and after RT (n = 75), with RT consisting of 45 Gy in 1.5 Gy twice daily (BID) 
fractions using three-dimensional conformal radiotherapy (3DCRT) [18]. The 
investigators found a significant improvement in LRR-free survival with the addi-
tion of PORT at 2-year follow-up (96% vs. 69%, p  <  0.01) with trends toward 
improvement in DFS (68% vs. 56%, p = 0.07) and OS (71% vs. 60%, p = 0.11) [18]. 
While the majority of patients enrolled on the trial had unfavorable disease charac-
teristics, again, only 53% of patients had urothelial carcinoma, with a significant 
number of patients having squamous cell carcinoma due to the relatively higher 
incidence of schistosomiasis in Egypt.

Given the excellent outcomes demonstrated with the addition of PORT by 
Egyptian trials with uncertainty as to whether these results would be the same for 
patients with urothelial carcinoma, a randomized phase II trial was developed to 
assess pelvic recurrence-free survival with the addition of postoperative adjuvant 
intensity-modulated radiotherapy (IMRT) following RC for patients with pT3-T4 
urothelial carcinoma (NRG GU-001) [20]. Unfortunately, the trial was closed 
2 years after opening due to poor accrual. Consequently, there remains no existing 
prospective data regarding outcomes with PORT in the era of more novel treatment 
approaches with IMRT and image-guided radiotherapy (IGRT), both of which 
would improve efforts to minimize dose to pelvic organs at risk (OARs) such as the 
bowel and rectum. In a survey of 277 radiation oncologists in the United States of 
America regarding management of patients with node-negative MIBC, nearly half 
of surveyed radiation oncologists had used PORT for indications including gross 
residual disease, positive margins, pathological node involvement, pT3-T4 disease, 
lymphovascular invasion, and high-grade disease, with use of PORT significantly 
associated with using IMRT on multivariable regression [21]. Data from population- 
based analyses has suggested improvement in OS with PORT for patients with pT4, 
pathological node positivity, and positive surgical margins [22].
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 Surgical Morbidity

As with all oncologic treatment, the survival outcomes from RC must be viewed 
within the greater context of treatment-related morbidity and mortality, among other 
factors impacting operative candidates. While the mortality rate associated with RC 
is estimated to be 1–3% [23–25], the postoperative complication rate may be as high 
as 60% or greater [26, 27]. A series of over a thousand patients from a prospective 
complications database analyzed at a large, tertiary academic center found that 64% 
of patients experienced ≥1 complication, and of those, 83% of complications were 
graded 2–5, with 26% of patients requiring re-admission [26]. Even with efforts to 
decrease surgical morbidity by transitioning to laparoscopic and robot-assisted 
techniques (rather than an open cystectomy approach), data from a large systematic 
review demonstrated a 59% 90-day complication rate with 15% of complications 
being classified as high grade [27]. In addition to expected operative complications 
such as a urinary tract infection or wound infection leading to urosepsis, wound 
dehiscence, hemorrhage, rectal injury, and postoperative ileus leading to small 
bowel obstruction, the mean in-hospital stay of 9 days for all diversion types [27] 
carries the additional risk of venous thromboembolism – with potential to extend to 
pulmonary embolism – as well as hospital-acquired infection. For patients subse-
quently receiving PORT, treatment-related morbidity is even greater; a single- 
institution experience of 78 patients treated with a single dose of pre-operative RT 
and PORT reported a 37% bowel obstruction rate for patients receiving PORT as 
compared to 8% of patients who did not receive PORT [28].

An additional consideration of great importance for patients receiving surgical 
management – unrelated to patient characteristics such as age, performance status, 
and comorbidities – is the impact of treatment facility type and case volume on 
oncologic outcomes and morbidity. For patients receiving RC, high hospital volume 
and surgical expertise have been associated with improved overall survival, with the 
combined effect of both being shown to decrease the risk of long-term mortality by 
20% [29]. By contrast, population-based analyses on patients with MIBC receiving 
bladder preservation have suggested no such benefit, indicating that all types of 
centers may more readily offer this approach [30]. While reasonable outcomes have 
been demonstrated with RC, with RT classically reserved as an option for only those 
refusing RC or deemed inoperable, a great interest has emerged in bladder preserva-
tion options that may allow for patients to maintain a functional bladder, thereby 
improving quality of life.

 Introduction to Bladder Preservation

Selective bladder preservation (SBP) first emerged in the 1980s with the perfor-
mance of single-institution retrospective cohort studies demonstrating reasonable 
oncologic outcomes for patients who had been administered neoadjuvant RT with 
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or without chemotherapy followed by cystoscopic response assessment [31]. 
Patients who demonstrated a complete pathologic response to neoadjuvant treat-
ment were then designated as eligible for a bladder preservation approach and 
received further/completion radiotherapy, whereas those with an incomplete 
response on interim evaluation proceeded to RC [31]. With the rise of this new treat-
ment paradigm came the ultimate question for appropriate patient selection: Which 
patients would be the best candidates for consideration of this type of treatment, as 
opposed to proceeding with RC upfront?

 Selection Criteria

Strict selection criteria have been proposed in determining which medically opera-
ble patients are best suited for bladder preservation and include the following [32]:

• cT2-T3a disease
• Patients with unifocal disease (no definitive cutoff for size, but often ≤5–6 cm)
• Patients without extensive carcinoma in situ
• Patients who have received maximal, visibly complete TURBT
• Patients without tumor-associated hydronephrosis

Additional considerations when assessing candidacy for SBP include favorable 
baseline bladder function, with the idea that the bladder should only be preserved if 
pre-treatment capacity and voiding ability are intact, as well as adequate renal func-
tion to allow for administration of concurrent radiosensitizing platinum-based che-
motherapy (cisplatin alone or as part of a combination). The rationale underlying 
these selection criteria will be addressed in detail in the discussion of trimodality 
therapy.

 Selective Bladder Preservation vs. Radical Cystectomy

A number of challenges have arisen in efforts to establish SBP as an alternative 
treatment paradigm for patients deemed eligible for consideration based on the 
aforementioned selection criteria. In the absence of prospective, randomized data 
directly comparing SBP to RC in the management of MIBC, a multitude of factors 
come into play in making the final determination as to which treatment the patient 
will receive. Depending on the practice environment in which the patient is being 
evaluated, patients may be subjected to referral bias, as patients would require refer-
ral to a clinician familiar with the modality to have a discussion about SBP [33]. An 
additional determination that is often made at the time of surgical consultation is the 
patient’s operability, which carries inherent selection bias that confounds any com-
parisons between SBP and RC, as patients who are medically frail or less likely to 
perform well postoperatively are more likely to be offered SBP over RC than those 
with minimal comorbidity and excellent performance status [34].
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Yet another factor that must be taken into consideration is the difference between 
clinical and pathologic staging; clinical staging does not necessarily possess high 
accuracy for the detection of advanced disease, as historical data suggest up to 76% 
of patients with MIBC may have a discrepancy between clinical T stage at TURBT 
and final pathologic T stage at RC [35, 36]. While these data do not reflect recent 
advances in modern imaging techniques, with a trend toward increasing utilization 
of multi-parametric MRI [37, 38], they highlight that pitfalls exist in staging infor-
mation available for patients receiving SBP.

While there are currently no prospective, randomized data directly comparing 
outcomes from SBP to RC, data from high-quality retrospective series have sug-
gested similar survival outcomes to RC for patients receiving bladder-sparing 
trimodality therapy (TMT). A study of 112 patients with MIBC evaluated at a 
multidisciplinary clinic (in which both RC and SBP were presented as treatment 
options) at Princess Margaret Cancer Center utilized propensity score matching 
for retrospective survival analyses and reported a 5-year disease-specific survival 
(DSS) rate of 73.2% for patients receiving RC vs. 76.6% for patients receiving 
TMT, with a salvage cystectomy rate of 10.7% for patients failing TMT [39]. 
Accompanying these data are those from population-based analyses; a National 
Cancer Database (NCDB) analysis using propensity score matching for patients 
with cT2-3N0M0 urothelial carcinoma treated definitively with either RC or 
TMT found no significant difference in OS (4  year OS of 42.6% for RC vs. 
39.1% for TMT, p = 0.15) with report of a time-varying hazard ratio [40]. Meta-
analysis data reviewing 19 studies on 12,380 patients has additionally found no 
significant difference in OS, DSS, or progression-free survival when comparing 
SBP to RC [41].

The United Kingdom (UK) Medical Research Council (MRC) developed a 
multi-center feasibility pilot study addressing Selective bladder Preservation 
Against Radical Excision (SPARE), which attempted to randomize patients with 
cT2-3N0M0 urothelial carcinoma status post three cycles of NAC to RC or SBP 
[42]. Patients were randomized to the study intervention prior to a cystoscopy fol-
lowing NAC with plan for a fourth cycle of NAC followed by radiotherapy or RC 
for patients with ≤T1 residual tumor (whereas all non-responders would immedi-
ately proceed with RC following the third cycle of NAC) [42]. Unfortunately, the 
trial was closed due to poor accrual, leaving the need for a phase III trial assessing 
for non-inferiority between the two approaches.

 Bladder Preservation Treatment Paradigms

While conventional treatment for SBP generally involves a multimodality 
approach incorporating maximal surgical resection and RT administered con-
currently with radiosensitizing systemic therapy, bladder-sparing unimodality 
treatment approaches may be employed for certain patients. These will be 
addressed briefly in turn prior to discussion regarding multimodality treatment 
options.
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 Surgical Monotherapy

 Transurethral Resection of Bladder Tumor

Following maximal TURBT, the clinical complete response (CR) rate for patients 
with cT2-T3 disease (solitary lesions, no CIS) based on repeat cystoscopic assess-
ment (performed 3 weeks following initial TURBT) has been found to range from 
10% to 20% based on small series performed in the 1980s [43, 44]. A retrospective 
cohort study out of MSKCC comparing 99 patients receiving TURBT as definitive 
therapy (of which 57% of patients had a preserved bladder) to 52 patients receiving 
RC found a non-significant 10-year DSS (76% for TURBT vs. 71% for RC, 
p = 0.30) [45]. Of note, most patients were found to have cT0 disease on repeat 
cystoscopy, and these patients had significantly better survival than the patients with 
residual T1 disease on restaging TURBT (p = 0.003) [45]. Among patients with 
residual tumors, 69%demonstrated relapsed disease within the bladder, of which 
only 53% of patients were successfully salvaged with RC [45]. These results indi-
cate that, while some patients with no residual disease on restaging TURBT demon-
strate favorable outcomes with maximal TURBT alone as definitive treatment, 
many patients will have relapsed disease within the bladder (of which not all cases 
can be salvaged), thereby making TURBT alone a suboptimal choice for definitive 
treatment. Small series performed from 1950 to 1970 comparing TURBT alone to 
RC have demonstrated consistently inferior survival rates for TURBT as mono-
therapy, with an estimated 5-year OS of approximately 30% [46, 47].

 Partial Cystectomy

For certain patients, partial cystectomy may be a viable treatment option for those 
pursuing surgical management while seeking bladder preservation. Patients under 
consideration for this approach must be very carefully selected: the ideal would 
have a solitary lesion of small size, without evidence of CIS, situated in a portion of 
the bladder amenable to complete excision with a widely negative margin (of at 
least 1 cm but preferably 2 cm) [48]. Prior to partial cystectomy, the bladder would 
need to be adequately sampled by random biopsy (including the prostatic urethra) 
with no evidence of tumor involvement elsewhere in the bladder [49]. Importantly, 
the remaining portion of the bladder following partial cystectomy would still need 
to have adequate capacity to allow maintenance of normal voiding [48, 49]. For this 
reason, patients would not be considered optimal candidates for partial cystectomy 
if they had tumors involving the bladder neck, ureteral orifices, or trigone (areas in 
which ureteral re-implantation would be required to achieve an adequate margin) 
[50]. Patients would therefore also be viewed as suboptimal candidates for this 
approach if they had history of a recurrent bladder tumor. A handful of single- 
institution retrospective series, each with a relatively small cohort, has suggested a 
5-year OS rate of approximately 70% with a bladder preservation rate of 65% for 
well-selected patients receiving partial cystectomy [51–53]. Alas, given the 
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relatively strict selection criteria, less than 10% of patients with MIBC receive par-
tial cystectomy [54], and even for those patients, ~25% may still require salvage RC 
following recurrence [55].

 Radiotherapy Monotherapy

 External Beam Radiotherapy

External beam radiotherapy (EBRT) alone has been utilized for patients with cT2- 
T4 disease; while frequently reserved for patients with significant comorbidities 
precluding surgery or administration of systemic therapy in the United States, this 
treatment option was explored in the definitive setting in Europe from 1970 to 1990 
with multiple published experiences. The earliest and largest of these was a study 
out of Edinburgh, Scotland, reporting on 963 patients with muscle-invasive urothe-
lial carcinoma receiving RT alone, which found a 5-year OS across all T stages of 
30.3%, with worse survival associated with age 80 or greater, cT4 disease, ulcerated 
lesions, grade 3 disease, and size ≥7 cm [56]. These patients were treated with 4, 6, 
or 9 MV photon irradiation using a small field measuring 10 × 10 cm including the 
whole bladder in the target volume to a dose of 55 Gy in 20 fractions, and severe 
RT-related complications were seen in about 15% of patients [56, 57]. Another 
large, retrospective study out of Glasgow, Scotland, reported on 709 patients receiv-
ing radical RT, including administered doses up to 60–64 Gy in 30 fractions; treat-
ment was designed using a four-field technique for the first 4 weeks of treatment 
followed by a bladder boost for the last 2 weeks [58]. Patients in this study addition-
ally received pelvic nodal irradiation, with doses of 40.42.5  Gy [58]. The crude 
5-year OS rate was reported to be 24.7%, with 5-year OS of 86.9% for T1 tumors, 
49.1% for T2 tumors, 27.7% for T3 tumors, and 1.8% for T4 tumors; of interest, 
patients with urothelial carcinoma demonstrated improved survival compared to 
those with squamous cell carcinoma, and pelvic nodal irradiation did not confer an 
OS benefit [58]. Similar studies were undertaken in the United States; a series by 
Pollack et al. analyzed 135 patients treated with an average dose of 6588 ± 475 cGy 
with an average fractional dose of 207 ± 18 cGy and found a 5-year OS rate of 26%, 
consistent with the survival outcomes from other studies [59]. Across studies, 5-year 
local control was estimated to be 30–50%, with prognostic factors including T 
stage, tumor size, tumor histology, extent of resection by TURBT, and presence of 
hydronephrosis/CIS [56–59].

Subsequently, RT monotherapy in the modern treatment setting has been com-
pared to the RT plus concurrent chemotherapy in both retrospective cohort studies 
and prospective, randomized trials like BC2001 [60, 61]. While these data will be 
addressed in greater detail with discussion of TMT, given their results favoring con-
current chemotherapy administration for improved survival outcomes, RT alone has 
fallen out of favor for treatment in the definitive setting for patients able to receive 
systemic therapy. For patients who are not able to receive systemic therapy due to 
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comorbidities, contraindications, or patient preference, reasonable outcomes may 
be achieved with radical RT with the understanding that (1) recurrent disease will 
require treatment with salvage cystectomy and (2) not all pelvic recurrences may 
necessarily be able to undergo successful salvage treatment.

 Brachytherapy

Use of brachytherapy for radical RT was initially reported on in the 1940s and was 
largely utilized in Europe at its peak popularity [62–65]. The earliest reports of 
utilization of brachytherapy included use of permanent radon seeds, with later series 
reporting on use of interstitial iridum-192 [62, 63, 65]. This practice largely fell out 
of favor due to treatment-related toxicity, including urinary leakage in the acute/
sub-acute setting and late side effects of stenosis, stricture, or fistula formation. 
Though EBRT was therefore often the preferred radiotherapeutic technique for 
patients receiving unimodality treatment with RT, brachytherapy was later studied 
in the 1990s as a boost treatment in combination with EBRT +/− TURBT or partial 
cystectomy [66]. Small retrospective series have indicated excellent outcomes for 
well-selected patients, with estimated 5-year local control of 70%, 5-year OS rang-
ing from 60% to 70%, and a 5-year bladder preservation rate of 90–95% [67, 68]. 
When administered with low-dose preoperative EBRT of 10–11 Gy (administered 
in 2–3 fractions, such as 3 fractions of 3.5 Gy) for prevention of iatrogenic scar 
formation, brachytherapy doses range from 30 to 50 Gy [66–68].

 Combined Modality Treatment

 Partial Cystectomy/TURBT and Chemotherapy

To improve outcomes with TURBT and partial cystectomy, clinicians additionally 
have considered the use of adjuvant chemotherapy, as has been done for patients 
receiving RC. The addition of chemotherapy was studied in both the neoadjuvant 
and adjuvant settings. A series out of Italy of 104 patients with cT2-4N0M0 urothe-
lial carcinoma who had received three cycles of neoadjuvant methotrexate, vinblas-
tine, doxorubicin, and cisplatin (MVAC) found that 60% of patients who received 
TURBT following NAC were alive at median follow-up of 4.5 years, with 44% of 
patients maintaining a functional bladder [69]. A similarly sized sample population 
was reported on by MSKCC, with 111 patients receiving 4 cycles of neoadjuvant 
MVAC, of which 26 (23.4%) were selected for partial cystectomy based on favorable 
response on repeat cystoscopy; though 12 patients (46%) developed bladder recur-
rences, patients with no residual tumor (pT0) or non-invasive residual disease (pTis) 
were found to have a 5-year OS of 87% [70]. Patients included in these studies were 
those with unifocal, solitary tumors measuring ≤5 cm with a significant response 
noted following NAC [70, 71]. These results encourage the use of NAC when 
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possible if pursuing TURBT or partial cystectomy for bladder preservation, although 
a significant number of patients will require salvage treatment for recurrences, which 
account for about half of the patient population receiving this treatment.

For patients receiving chemotherapy administered in the adjuvant setting, this 
paradigm has also demonstrated improvements in local control compared to TURBT 
alone. A small retrospective analysis of 50 patients with cT2-4 disease (of which 36 
patients had T3 disease) treated with TURBT followed by 2–6 cycles of cisplatin/
methotrexate found a 76% post-treatment CR rate with 5-year local control of 60% 
[72]. Further, a phase II nonrandomized trial comparing patients receiving RC 
(n = 71) to those receiving TURBT with three cycles of adjuvant platinum-based 
chemotherapy (n = 75) found no significant difference in 5-year and 10-year cancer- 
specific survival (p = 0.54), which was reported as 64.5% and 59.8%, respectively, 
for patients receiving bladder preservation [73]. For the patients receiving TURBT 
and adjuvant chemotherapy with clinical response, 40 patients (53%) achieved an 
initial CR, although 56% ultimately developed recurrence or progression and 45% 
received salvage RC [73].

 Trimodality Therapy

 Treatment Overview

TMT for SBP consists of maximal safe TURBT with examination under anesthesia 
followed by concurrent chemoradiotherapy. TURBT allows for tumor debulking, 
which is especially useful for management of a relatively radioresistant tumor his-
tology, allowing further local therapy to be delivered with adjuvant RT to ideally 
address residual macroscopic or microscopic disease. Chemotherapy is adminis-
tered concurrently with RT to both (1) enhance radiosensitivity for the purpose of 
increasing fractional cell kill (local function) and (2) address any sites housing 
micrometastatic disease (systemic function). The most commonly utilized chemo-
therapy regimens for TMT include [61, 74, 75]:

• Cisplatin 35 mg/m2, weekly up to 6 weeks
• Cisplatin-based regimens with 5-FU (fluorouracil 400 mg/m2 on days 1–3 and 

8–10 with cisplatin 15  mg/m2 on days 1,2, 8, and 9) or paclitaxel (paclitaxel 
50 mg/m2 on days 1 and 8 and cisplatin 15 mg/m2 on days 1, 2, 8, and 9)

• 5-FU/mitomycin-C (500 mg/m2 5-FU days 1–5 and 16–20 with mitomycin-C 
12 mg/m2 on day 1)

• Gemcitabine 27 mg/m2, twice weekly up to 6 weeks

A considerable amount of variation exists in radiotherapeutic management with 
regard to both target volume and dose: some clinicians treat a partial bladder vs. the 
full bladder; some pursue nodal irradiation, while others target the bladder only; 
some clinicians attempt to plan a focal boost to the bladder tumor; and some clini-
cians administer treatment using a hypofractionated regimen (55  Gy in 20 
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fractions), while others treat using a conventional fractionation scheme up to 
64–64.8 Gy in 1.8–2 Gy daily fractions. These treatment-related considerations will 
be addressed in detail with discussion of radiation techniques.

Visibly completed TURBT has been strongly advocated for in patient selection 
based on evidence suggesting that maximal TURBT is associated with higher rates 
of CR, lower rate of salvage RC, and improved OS [76, 77]. A retrospective analysis 
of 415 patients treated at the University of Erlangen found that early tumor stage 
and complete TURBT were the most important factors in predicting for CR and 
survival [76]. However, while maximal TURBT has historically been regarded as a 
strict selection criterion, there is a growing body of evidence to suggest that similar 
outcomes may still be achieved with incomplete TURBT [38, 78]. In a retrospective 
series out of MGH, while the salvage RC rate was higher for patients with incom-
plete TURBT vs. visibly complete TURBT (42% vs. 22%, p < 0.001), a CR was still 
achieved in 57% of patients with incomplete TURBT [78]. This idea is additionally 
represented by a portion of the patients enrolled in the BC2001 trial, of whom 
greater than a third received biopsy only or an incomplete TURBT [61]. More 
recently, research efforts have even been directed toward the possibility of forgoing 
TURBT due to concern for iatrogenic tumor spread, such as with initiation of the 
BladderPath study out of the United Kingdom: BladderPath is a phase II/III trial 
randomizing patients with possible MIBC to TURBT or multiparametric MRI for 
clinical staging [38].

Another essential factor for appropriate patient selection is the patient’s T stage, 
as higher T stage is associated with less likelihood of CR following TMT. Results 
from the MGH experience have demonstrated that the clinical CR rate for cT2 
tumors was about 80% as compared to 64% for cT3-T4 disease, suggesting that 
patients with cT2-T3a disease have the greatest likelihood of optimal outcomes with 
SBP [78]. However, patients with cT4a disease were included in the vast majority 
of large, retrospective series exploring SBP as well as BC2001. With regard to in 
situ disease, early data published in the early 1990s found that extensive CIS was 
associated with much higher risk of LRR (40% vs. 6%, p = 0.075) and that absence 
of CIS was a significant predictor for clinical CR (p = 0.03); these data guided the 
general recommendation encouraging absence of CIS for TMT [79]. Similarly, data 
from the pioneering experiences at MGH have suggested that tumor-related hydro-
nephrosis is associated with worse OS and DSS, and these results were corroborated 
by findings of a lesser likelihood to achieve CR for patients with tumor-related 
hydronephrosis in RTOG 8903 [78, 80].

Given the relatively higher incidence of urothelial carcinoma compared to other 
forms of MIBC, such as squamous cell carcinoma or adenocarcinoma, it is unclear 
if patients with non-urothelial carcinoma histologies have differences in outcomes 
following SBP. While prospective studies investigating patients treated with SBP 
such as BC2001 have limited inclusion criteria to those with urothelial carcinoma, 
retrospective data comparing outcomes between patients with non-urothelial carci-
noma (22%, n = 66) and urothelial carcinoma (78%, n = 237) found no significant 
difference in CR rate (82–83%, p  =  0.9), 10–year DSS (64–67%, p  =  0.39), or 
10-year OS (42%, p = 0.21) [81].
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 Outcomes and Literature Review

SBP was first developed following pioneering single-institution experiences by the 
University of Erlangen, University of Paris, and Massachusetts General Hospital 
(MGH) [82–84]. The University of Paris experience represents one of the earliest 
efforts at bladder preservation, as clinicians there initially studied concurrent 
chemoradiotherapy as a preoperative regimen prior to RC.  After finding that 18 
consecutive patients demonstrated 100% pathologic CR upon analysis of the final 
cystectomy specimen, it was determined that concurrent chemoradiotherapy may be 
utilized toward SBP [49]. The French experience reported on a cohort of 54 patients 
with operable cT2-T4 MIBC, all of whom were managed with concurrent chemora-
diotherapy with cisplatin/5-FU and BID RT administered in a split course fashion as 
both induction (24  Gy) and consolidation (with an additional 20  Gy) following 
TURBT [82]. Re-staging cystoscopy and TURBT were performed 4–6 weeks fol-
lowing completion of induction chemoradiation, and consolidation treatment was 
administered only to those with CR; any patients with residual disease after induc-
tion received RC. At post-induction cystoscopy, 40 patients (74%) were found to 
have a CR; at mean follow-up of 27 +/− 12 months, three patients receiving SBP 
with initial CR developed recurrent disease in the pelvis, and the overall 3-year DFS 
rate was reported to be 62% with no significant survival difference noted between 
patients receiving SBP and those ultimately receiving RC [82].

The University of Erlangen initiated prospective study of SBP in the early 1980s, 
initially by assessing patients receiving TURBT followed by EBRT alone to 
50–56  Gy in 2  Gy daily fractions; following treatment of over 100 consecutive 
patients in this manner, radiosensitizing platinum monotherapy (cisplatin or carbo-
platin) was added for treating patients thereafter [76]. A German group reported on 
outcomes for 415 patients, of which 79% had cT2-T4 disease, 30.3% were treated 
with RT alone following TURBT, and 69.6% received concurrent chemoradiother-
apy following TURBT; they found a CR rate of 72% and reported that the local 
control following CR without muscle-invasive recurrence was 64% at 10 years [76]. 
The 10-year DSS was 42% for their cohort, and the bladder preservation rate was 
80% [76]. Administration of radiosensitizing chemotherapy concurrently with RT 
was found to improve both CR rate and survival, and patients who required salvage 
RC due to disease persistence or recurrence still maintained a 10-year DSS of 45%, 
comparable to the 10-year DSS for the cohort at large [76]. Of note, patients in this 
German study received the entire course of concurrent chemoradiotherapy without 
mid-evaluation cystoscopy to evaluate response; re-staging was performed 
6–8 weeks following completion of all definitive treatment. Further, the patients 
routed to salvage RC were only those with poorly differentiated, superficial tumors, 
or persistent/residual invasive disease, and patients with well-differentiated, super-
ficial disease remaining (e.g., CIS) were allowed to continue with SBP while receiv-
ing endoscopic treatment with TURBT/intravesical therapy [76].

At a similar time in the mid-1990s, pioneers at MGH reported on an initial expe-
rience with 53 patients with cT2-4N0M0 MIBC treated consecutively with TURBT 
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and adjuvant concurrent chemoradiotherapy to a dose of 40 Gy (using a daily frac-
tionation scheme) with concurrent cisplatin followed by cystoscopic evaluation and 
further treatment to 64.8 Gy for patients with a CR or those deemed unsuitable for 
RC [85]. The study found an initial CR rate of 53% with 89% of patients having a 
functioning bladder, and the 4-year DFS was found to be 45% for the entire cohort 
[85]. MGH has subsequently reported on patients treated over 20 years with long- 
term follow-up; in their cohort of 348 patients with cT2-T4aN0M0 MIBC, all of 
whom were treated with maximal TURBT and concurrent chemoradiotherapy to 
64–65  Gy with cisplatin (with patients receiving response assessment following 
40  Gy and some patients receiving additional chemotherapy administered adju-
vantly or neoadjuvantly), their findings were as follows at nearly 8-year median 
follow-up [78]:

• Initial CR rate: 72%
• Cystectomy rate: 29% (native bladder preservation: 71%)

 – 12% – invasive tumor recurrence noted on post-treatment surveillance
 – 17% – incomplete response noted following concurrent chemoradiotherapy

• 5-year OS, 52%; 10-year OS, 35%
• 5-year DSS, 64%; 10-year DSS, 59%
• 10-year rates of recurrence (for patients with initial CR):

 – Non-invasive: 29%
 – Invasive: 16%
 – Pelvic: 11%
 – Distant: 32%

The two most important factors predicting for OS and DSS were clinical T stage 
and initial CR following induction therapy [78]. NAC was not found to be associ-
ated with OS on multivariable regression analysis, and no patients required RC due 
to toxicity secondary to treatment from SBP [78].

Following promising results from the aforementioned single institution experi-
ences, data obtained from cooperative group experiences undertaken by the 
Radiation Therapy Oncology Group (RTOG) confirmed such outcomes. These trials 
are briefly summarized in Table  18.2 [49]. The first published RTOG trial was 
RTOG 8512, which was a phase II study analyzing 42 patients with cT2-T4N0-2M0 
disease receiving 40 Gy to the pelvis with 2 cycles of concurrent cisplatin followed 
by an additional 24 Gy with another cycle of cisplatin in the event of CR (whereas 
patients with residual tumor following 40 Gy and 2 cycles of cisplatin received RC) 
[86]. The study found an initial CR of 66%, and 42% of patients were alive with an 
intact bladder at 5  years [86]. This study was followed by RTOG 8802, which 
sought to investigate outcomes with the addition of MCV chemotherapy following 
TURBT but prior to concurrent chemoradiotherapy [87]. Of 91 patients studied, the 
4-year risk of LRR was found to be 43%, which was similar to the reported 4-year 
rate of surviving with an intact bladder of 44% [87]. This was then followed by 
RTOG 8903, which was a phase III trial aiming to compare concurrent cisplatin 
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with RT (standard arm) to the standard arm plus the addition of neoadjuvant MCV 
chemotherapy; however, this study was closed early due to high rate of severe leu-
kopenia witnessed in patients receiving MCV [80]. Based on the 123 patients ana-
lyzed, neoadjuvant MCV was not found to be associated with CR rate, OS, or 
freedom from distant metastases; based on these findings, later RTOG did not incor-
porate NAC [80].

Subsequent RTOG trials explored utilization of BID RT, as was done by clini-
cians at the University of Paris (and, separately, by investigators in Egypt using 
PORT) with concurrent chemotherapy administration. RTOG 9506 reported on 34 
patients with cT2-T4N0M0 MIBC without hydronephrosis receiving TURBT fol-
lowed by induction chemoradiotherapy to 24  Gy administered BID at 3  Gy per 
fractions with concurrent cisplatin/5-FU; following cystoscopy and re-biopsy 
4 weeks later, patients with CR received consolidation chemoradiotherapy with BID 
RT to the bladder to 20 Gy (for a cumulative dose of 44 Gy) [88]. While the study 
reported a 3-year OS of 83% with 66% of patients maintaining an intact bladder, the 
grades 3–4 hematologic toxicity rate of 21% declared this regimen as relatively 
toxic in spite of encouraging oncologic outcomes [88]. The RTOG turned to inves-
tigation of adjuvant chemotherapy with its next trial, RTOG 9706, which analyzed 
52 patients with cT2-T4aN0M0 MIBC patients who received induction chemora-
diotherapy (administered BID with 1.8 Gy to the pelvis in the morning followed by 
a 1.6 Gy boost to the tumor 4–6 hours later) with concurrent cisplatin, cystoscopic 
evaluation 3–4  weeks following induction, consolidation chemoradiation in the 
event of CR (given in 1.5 Gy BID fractions to a total dose of 45.6 Gy to the pelvis/
bladder and 64.8 Gy to the tumor), and, finally, three cycles of adjuvant MCV [89]. 
The authors found that 74% of patients achieved CR, with only 11% of patients 
experiencing grades 3–4 hematologic toxicity (unlike the nearly double rate noted 
in RTOG 9506); however, only 45% of patients were able to receive the full three 
cycles of adjuvant MCV, and of the patients who received the full three cycles, 41% 
developed grades 3–4 hematologic toxicity [89]. Consequently, this treatment regi-
men was also felt to be very toxic, although the logic underlying condensing the 
induction phase into a shorter time frame with BID RT was sound. The subsequently 
performed RTOG 9906 trial also assessed BID RT but added paclitaxel to induction 
cisplatin and utilized an adjuvant chemotherapy regimen consisting of gemcitabine/
cisplatin [90].

The RTOG trials performed most recently have continued to evaluate different 
variations of systemic therapy administration. RTOG 0233 was a phase II study 
reporting on a group of 93 patients randomized to receive cisplatin/paclitaxel or 
cisplatin/5-FU administered concurrently with induction RT to 40.3 Gy following 
TURBT, with patients then receiving consolidation chemoradiation to 64.3 Gy with 
the same chemotherapy given during induction in the event of downstaging to T0, 
Tcis, or Ta disease [74]. Patients then went on to receive adjuvant chemotherapy 
with gemcitabine (1000 mg/m2), paclitaxel (50 mg/m2), and cisplatin (35 mg/m2) all 
administered on days 1 and 8. Results showed comparable rates of 5-year OS 
between the two arms (paclitaxel, 71%; 5-FU, 75%) with 5-year bladder-intact sur-
vival rates of 67–71% [74]. However, the study reported marked rates of toxicity, 
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with 16 patients (35%) treated with paclitaxel and 19 (44%) treated with 5-FU 
developing late grades 3–4 toxicity (of which 11% and 6%, respectively, were 
attributed to RT) [74].

Following completion of RTOG 0233, a pooled analysis of RTOG 8802, 9506, 
9706, 9906, and 0233 was published in 2014 and reported on 468 patients across the 
5 studies, with clinical T stage of T2 in 61%, T3 in 35%, and T4a in 4% of patients. 
With median follow-up of 4.3 years among all patients and 7.8 years among survi-
vors, the study found [91]:

• CR rate: 69%
• 5-year OS, 57%; 10-year OS, 36%
• 5-year DSS, 71%; 10-year DSS, 65%
• 10-year estimate of muscle-invasive LRR: 14%
• 10-year estimate of non-muscle invasive LRR: 36%
• 10-year estimate of distant metastasis: 35%

Most recently, RTOG 0712 reported on SBP using either cisplatin/5-FU with 
BID RT or gemcitabine with once daily RT following TURBT as part of induction 
to 40  Gy as well as consolidation to 64  Gy for those patients achieving CR on 
interim cystoscopic assessment; this was then followed by adjuvant cisplatin/gem-
citabine [75]. Twice weekly gemcitabine emerged as an attractive systemic therapy 
option following completion of a phase I trial by the University of Michigan estab-
lishing good response, survival, and bladder preservation rates of this regimen, with 
a maximum tolerated dose of 27  mg/m2 [92]. While not statistically powered to 
make a comparison between cisplatin/5-FU with BID RT and gemcitabine with 
once daily RT, RTOG 0712 demonstrated rates of freedom from distant metastasis 
exceeding 75% in both arms (cisplatin/5-FU with BID RT, 78%; gemcitabine with 
daily RT, 84%) with post-induction CR rates of 88% for cisplatin/5-FU with BID 
RT and 78% for gemcitabine with daily RT. [75] These results have encouraged 
further utilization of gemcitabine with daily RT as an alternative to the prior 
platinum- based RTOG regimens with BID RT, especially for patients with renal 
function precluding use of agents like cisplatin.

The largest prospective, randomized study performed in patients with MIBC is 
BC2001; this trial was performed in the United Kingdom and reported on 360 
patients with MIBC randomized to receive either RT alone (n = 178) or RT with 
concurrent 5-FU/mitomycin-C (n = 182) [61]. In addition, patients were random-
ized to receive whole bladder radiotherapy or treatment of a partial bladder volume 
using a partial 2-by-2 factorial design, with permission of 2 RT schedules: (1) a 
conventionally fractionated schedule to 64 Gy in 32 fractions over the course of 
6.5 weeks or (2) a hypofractionated approach of 55 Gy in 20 fractions over the 
course of 4 weeks. BC2001 found a significant improvement in 2-year locoregional 
DFS with the addition of concurrent chemotherapy (67% vs. 54%, p = 0.03) with 
trends toward improved 5-year OS (48% vs. 35%, p = 0.16; though the study was 
underpowered to show a difference in survival), reduced 2-year cystectomy rate 
(11.4% vs. 16.8%, p = 0.07), and higher grades 3–4 acute treatment-related toxicity 
(36% vs. 28%, p = 0.07) [61]. An exploratory analysis demonstrated a 2-year relapse 
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rate of 18% for patients receiving concurrent chemoradiotherapy vs. 32% for 
patients receiving RT alone (p = 0.01) [61]. Subgroup analysis indicated no signifi-
cant differences based on patients receiving whole-bladder RT (n = 63) vs. “modi-
fied volume” RT (n = 58) vs. elective whole-bladder RT (n = 239) (p = 0.66) or 
64 Gy in 32 fractions (n = 217) vs. 55 Gy in 20 fractions (n = 142) (p = 0.59) [61, 
93]. Two important distinctions in this study come to light when comparing patients 
treated on BC2001 to those treated on RTOG protocols: (1) patients were not 
required to receive maximal TURBT for enrollment (over a third of patients had 
biopsy only or incomplete TURBT); (2) no interim cystoscopic assessment or re- 
biopsy was performed following an induction treatment phase; treatment proceeded 
continuously, and first post-treatment cystoscopy was performed 6 months follow-
ing completion of definitive therapy [61]. This trial validated numerous facets of 
modern-day treatment: use of the 5-FU/mitomycin-C regimen for radiosensitiza-
tion, use of hypofractionated RT, and continuous treatment without a mid- 
treatment break.

 Evolving Considerations

There has been great evolution of numerous considerations over time when consid-
ering the treatment paradigm for MIBC; these are depicted in Fig. 18.1 and include 
utilization of NAC, alterations in fractionation for RT delivery, hypoxia modifica-
tion, use of molecular stratification in treatment selection, use of immunotherapy, 
and response evaluation. Each of these will be briefly addressed in turn.

Utilization
of NAC 

Hypoxia
modification 

Molecular
stratification 

Immunotherapy

Alterations in
fractionation 

Fig. 18.1 Timeline depicting evolution of treatment considerations over time
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 Neoadjuvant Chemotherapy

From the initial conception of SBP using TMT in the early 1980s, NAC emerged as 
a treatment of interest due to the potential for tumor downstaging at the time of 
TURBT and the opportunity for early assessment of response to systemic therapy 
(with the caveat that administration of NAC would postpone initiation of definitive 
local treatment). While many of the largest phase III studies aimed at assessing the 
role of NAC prior to definitive local therapy have been performed on patients receiv-
ing RC (e.g., the Nordic 1 Cooperative Bladder Cancer Study Group, Spanish 
CUETO, Italian GUONE, and SWOG 8710/Intergroup 0080 trials) [14, 94–96], 
there are some prospective, randomized data assessing the role of NAC for patients 
receiving radical EBRT.  A pooled analysis by the West Midlands Urological 
Research Group and the Australian Bladder Cancer Study Group compiled data 
from two pilot studies comparing radical RT to radical RT with induction cisplatin; 
with a total of 255 patients analyzed, no significant difference in OS was noted [97]. 
The MRC-EORTC published results of a large trial studying 485 patients undergo-
ing either RC or EBRT monotherapy and randomly assigned to receive neoadjuvant 
MVAC (n = 491) or no NAC (n = 485); while results demonstrated that NAC was 
associated with higher rates of pathological CR, the 10% absolute improvement in 
OS at 3 years required to establish NAC as standard of care was not found [98].

With regard to NAC prior to administration of concurrent chemoradiotherapy, 
RTOG 8903 assessed the addition of neoadjuvant MCV to the standard of concur-
rent cisplatin with RT and found no impact on CR rate, freedom from distant metas-
tasis, or OS but noted significant hematologic toxicity that led to only a 67% 
protocol completion rate for patients receiving MCV [80]. The outcomes for patients 
treated on BC2001 who received NAC were recently published: 117 patients of the 
initial cohort of 360 (33%) received platinum-based NAC prior to receiving RT +/− 
concurrent 5-FU/mitomycin-C, and no differences in local control or OS were noted 
between the two arms among this subgroup of patients receiving NAC [99]. 
However, patients receiving NAC and concurrent chemoradiotherapy were noted to 
have a 33% rate of grades 3–4 toxicity as compared to 22% for patients receiving 
NAC followed by RT alone [99]. Based on findings suggesting no significant benefit 
in oncologic outcomes and elevated rates of grades 3–4 toxicity, NAC has not con-
tinued to evolve as a paradigm-shifting treatment consideration.

 Variations in Fractionation

Another unique aspect of TMT for MIBC has been the implementation of multiple 
fractionation schemes in delivering RT. Accelerated RT with BID fractionation was 
studied in the early TMT experience out of the University of Paris and subsequently 
implemented in multiple RTOG trials, including RTOG 9506, RTOG 9706, RTOG 
9906, RTOG 0233, and RTOG 0712 [75, 82, 91]. Using accelerated fractionation 
for these studies – all of which entailed mid-treatment response assessment with 
cystoscopy to evaluate for CR prior to consolidation chemoradiation or 
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cystectomy – carried the advantage of decreasing time to definitive local treatment. 
Unlike hyperfractionation, which utilizes a lower dose per fraction in combination 
with an increased number of daily fractions to ultimately yield a higher cumulative 
dose, accelerated fractionation yields a similar total dose to conventional fraction-
ation (e.g., 64 Gy) with a shorter treatment package time.

There is limited existing data comparing accelerated fractionation and conven-
tional fractionation. A prospective, randomized trial out of the Royal Marsden 
Hospital randomized 229 patients with cT2-T3N0-1M0 urothelial carcinoma treated 
from 1988 to 1998 to one of two EBRT monotherapy regimens: (1) an accelerated 
fractionation regimen of 60.8 Gy in 32 fractions over 26 days (n = 129) or (2) a 
conventional fractionation regimen of 64 Gy in 32 fractions over 45 days (n = 100) 
[100]. The accelerated fractionation RT was delivered using BID RT (first fraction, 
1.8 Gy; second fraction, 2.0 Gy) with 6 hours between fractions and a 1-week treat-
ment gap following the first 12 fractions. The primary endpoint was local control, 
and the trial was powered to detect a 20% difference. While no significant differ-
ence was noted between the two arms in terms of local control, OS, or DFS, a sig-
nificantly higher rate of grades 2–3 bowel toxicity was noted in the accelerated 
fractionation arm when compared to the conventional fraction arm (44% vs. 26%, 
p = 0.001) [100]. While not directly comparing these two fractionation schemes in 
the setting of systemic therapy administration, these results indicate a greater likeli-
hood of toxicity from accelerated fractionation without a well-established onco-
logic benefit.

With regard to hyperfractionation, a prospective, randomized trial conducted in 
Sweden randomized 168 patients with cT2-T4N0M0 MIBC to a hyperfractionated 
regimen of thrice daily RT (1 Gy per fraction, three times per day) to a total dose of 
84 Gy or a conventional fractionation regimen of 64 Gy in 32 fractions administered 
once daily [101]. Both treatments were administered over the course of 8 weeks 
with a 2-week “rest period” in the middle of treatment. At 10-year follow up, the 
authors found improved rates of local control and OS for patients receiving hyper-
fractionation [101]. Similarly, meta-analysis data comparing hyperfractionation to 
conventional fractionation for bladder cancer (2 trials, 345 patients) has suggested 
improved OS with hyperfractionation [102]. However, findings of these data may 
largely be explained by the higher dose achieved with hyperfractionated RT; data 
from the Netherlands have underscored that dose escalation leads to improved local 
control, with logistic modeling calculations predicting that an increase in total dose 
by 10  Gy is associated with 3-year improved local control by an odds ratio of 
1.44 [103].

Hypofractionation has also been utilized for SBP in the management of MIBC, 
especially following results of the BC2001 study, which incorporated a partial 
2-by-2 factorial design in which patients could be treated with either conventional 
fractionation or a hypofractionated regimen of 55 Gy in 20 fractions [61]. Long- 
term outcomes from BC2001 never demonstrated a significant difference between 
conventional fractionation RT and hypofractionated RT for any trial endpoint; 
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however, until recently, there was no high-quality data for direct comparison [93]. A 
recently published, individual patient data meta-analysis of BC2001 and BCON (a 
phase III trial assessing use of hypoxia-modifying agents, discussed in detail in the 
next section) analyzed 782 patients between the two trials and aimed to establish 
non-inferiority of 55 Gy in 20 fractions as compared to 64 Gy in 32 fractions with 
regard to both locoregional control and late toxicity [104]. While the meta-analysis 
found comparable toxicity profiles between the two fractionation regimens (2-year 
late rectal toxicity, 3–6%; 2-year late bladder toxicity, 24–25%), at 10-year median 
follow-up, it was found that patients receiving 55 Gy in 20 fractions had a lower risk 
of LRR at 3 years than those treated with conventional fractionation (adjusted HR: 
0.71, 95% CI: 0.52–0.96) when controlling for pre-specified prognostic factors for 
local control including age, sex, tumor stage, use of NAC, and extent of resection 
at TURBT.

 Hypoxia Modification

Following data published in the late 1990s regarding modification of hypoxia- 
induced radioresistance using entities such as high oxygen-content gas breathing, 
hemoglobin oxygen affinity modifiers, and nicotinamide suggesting improve-
ment in local control for bladder tumors [105], hypoxia modification became an 
area of active exploration in the 2000s, especially in the United Kingdom. 
Hypoxia- modifying agents such as carbogen, a mixture of carbon dioxide and 
oxygen, and nicotinamide, an oxidoreductase coenzyme, were investigated in 
phase II trials in combination with radical RT to a dose of 52.5  Gy [106]. 
Following demonstration of good outcomes with carbogen and nicotinamide 
(CON) for hypoxia modification, a phase III randomized trial (BCON) compar-
ing RT alone to RT with CON was undertaken in patients with locally advanced 
bladder cancer [107]. BCON randomized 333 patients (to either RT +/− CON) 
while permitting fractionation schedules of either 64 Gy in 32 fractions or 55 Gy 
in 20 fractions. The study found no significant difference between RT and RT 
with CON for its primary endpoint of cystoscopic control at 6 months (76% for 
RT alone vs. 81% for RT with CON, p = 0.30) [107]; however, at 10-year follow-
up, RT with CON was associated with significantly improved recurrence-free 
survival (27% vs. 20%, p  =  0.04) with a trend toward improved OS (32% vs. 
24%, p = 0.07; initially significant at 3-year follow-up) [108]. Further analysis of 
hypoxia modification has demonstrated that tumor necrosis on pathologic speci-
men obtained by TURBT predicts for better survival outcomes [109]. Researchers 
have additionally developed a 24-gene signature predicting for benefit from CON 
(HR: 0.47, 95% CI: 0.26–0.86; p = 0.015) with both prognostic (p = 0.017) and 
predictive (p = 0.058) significance [110]. While currently utilized predominantly 
in the United Kingdom, hypoxia modification remains an active area of interest 
and further study.
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 Molecular Stratification

Adding further nuance and complexity to the management of MIBC is the idea that 
molecular stratification of patients’ tumors may both predict for treatment response 
and guide optimal management [31]. MIBC carries a heterogeneous mutational pro-
file and is considered one of the most highly mutated cancers along with non-small 
cell lung cancer and squamous cell carcinoma of the head and neck; consequently, 
efforts to associate molecular subtypes of MIBC with patients’ baseline character-
istics and treatment response are underway [111]. With regard to systemic therapy 
administration, tumors with mutations in genes associated with DNA damage repair 
(ERCC2, ERBB2, ATM, and RB1) have been shown to demonstrate greater sensitiv-
ity to cisplatin [112, 113]. Similarly, increased BCL2 expression has been found to 
be associated with poorer outcomes for patients receiving concurrent chemoradio-
therapy and serves as a marker for patients who may benefit from NAC [114]. For 
predicting response to RT, existing data has demonstrated that patients with tumors 
highly expressing MRE11 demonstrate better response to radical RT than those with 
tumors demonstrating low expression [115]. With significant heterogeneity at the 
molecular level, investigators at centers worldwide set out to create an international 
consensus on MIBC molecular subtypes and relate these classes to clinical behavior 
and treatment response; the authors used 1750 MIBC transcriptomic profiles from 
16 published datasets as well as two additional cohorts to develop the following 6 
classes [116]:

 1. Luminal papillary (LumP)
 2. Luminal non-specific (LumNS)
 3. Luminal unstable (LumU)
 4. Stroma-rich
 5. Basal/squamous (Ba/Sq)
 6. Neuroendocrine-like (NE-like)

The six molecular classes represented (as follows, percentage of the samples) 
LumP, 24%; LumNS, 8%; LumU, 15%; stroma-rich, 15%; Ba/Sq, 35%; and 
NE-like, 3% [116]. mRNA data were utilized to assess for associations with molec-
ular gene signatures for bladder cancer pathways and tumor microenvironment infil-
tration. The consensus molecular classes were found to be associated with certain 
genomic alterations: LumP tumors were found to be predominantly associated with 
mutations in FGFR3 and KDM6A as well as deletions of CDKN2A, whereas LumNS 
was largely associated with mutations in ELF3 and alterations in PPARG (which 
were also noted in LumU tumors) [116]. Targeted sequencing data revealed that 
58% and 20% of Ba/Sq tumors were associated with TP53 and RB1, respectively, 
and 49% of Ba/Sq tumors were associated with genomic deletions of 3p14.2 [116].

Of greatest interest to clinicians was description of the association of the six 
molecular classes with clinical characteristics, OS, and response to treatment. These 
are briefly summarized in Figure 18.2 [116]. With regard to sociodemographic char-
acteristics, patients with LumP and LumU tumors were found to be more likely to 
have cT2 (p = 0.009) or cT3-T4 (p < 0.001) disease compared to other molecular 
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classes. Patients with age < 60 were more likely to have LumP tumors (p = 0.001), 
whereas patients age > 80 were more likely to have LumNS tumors (p = 0.03). Ba/
Sq tumors were far more likely to be found among females (p < 0.001) and those 
with higher clinical stage (p < 0.001) [116]. The association of the six molecular 
classes with overall survival was analyzed using a multivariable Cox regression 
model accounting for patients’ age and clinical T, N, and M staging as covariates 
with the LumP class serving as a reference for comparison. While patients with 
LumU (HR: 1.49, 95% CI: 0.93–2.39), LumNS (HR: 1.07, 95% CI: 0.63–1.82), and 
stroma-rich (HR: 0.98, 95% CI: 0.65–1.49) tumors demonstrated similar OS to 
patients with LumP tumors, patients with Ba/Sq (HR: 1.83, 95% CI: 1.30–2.58, 
p < 0.001) and NE-like (HR: 2.34, 95% CI: 1.09–5.05, p < 0.03) tumors were asso-
ciated with significantly worse prognosis [116].
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Fig. 18.2 Association of six molecular classes with clinical characteristics, survival, and response 
to treatment
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In terms of response to different types of therapy, both LumU and NE-like tumors 
were felt to be associated with greater response to RT based on demonstrating sig-
nificantly elevated cell cycle activity and low hypoxia signals when compared to the 
other classes [116]. Given that the FGFR3 signature was both strongly and specifi-
cally activated for patients with LumP tumors, therapies targeting FGFR3 are being 
investigated. Ba/Sq tumors were found to demonstrate high levels of EGFR and 
EGFR ligand as well as immune checkpoint markers and genes involved in the 
mechanisms underlying antigen presentation, all of which would suggest response 
to immunotherapy; however, none of the molecular classes demonstrated a profile 
clearly suggesting better or worse response to anti-PD1/PDL1 therapy [116]. While 
class-based analysis of patients receiving NAC demonstrated no significant associa-
tion of consensus class with outcome, comparison of the survival curves suggested 
that patients with LumNS or Ba/Sq tumors may derive greater benefit from patients 
with NAC, whereas patients with stroma-rich tumors may not [116]. When specifi-
cally analyzing patients treated with the anti-PDL1 monoclonal antibody atezoli-
zumab [117], patients were more likely to respond to atezolizumab if they had 
LumNS (p = 0.05), LumU (p = 0.0044), or NE-like (p = 0.012) tumors [116].

While still an area of growing investigation with need for prospective validation, 
association of molecular classes with treatment response has the potential to pro-
vide considerable guidance in both determination of appropriate therapy of existing 
options and design of clinical trials ahead. There are multiple ongoing phase II clini-
cal trials aimed at evaluating different treatments based on genetic alterations in 
DNA damage response; an ongoing phase II trial looking at Risk Enabled Therapy 
After Initiating Chemotherapy for Bladder Cancer (RETAIN BLADDER; 
NCT02710734) endeavors to utilize genomic profiles (obtained from sequencing 
patients’ TURBT specimens while they are receiving cisplatin-based NAC) as well 
as response to post-chemotherapy TURBT findings to risk-stratify patients [118]. 
The ALLIANCE trial A03171 (NCT 03609216) is an open phase II trial evaluating 
for potential bladder preservation in patients receiving dose-dense cisplatin/gem-
citabine and has primary and secondary endpoints assessing outcomes based on 
presence or absence of known genetic alterations [118]. Yet another trial is assess-
ing cisplatin/gemcitabine but with the addition of nivolumab (NCT03558087) for 
patients with MIBC undergoing SBP [118].

 Immunotherapy

Immune checkpoint inhibition (ICI) has been established as a crucial aspect of treat-
ment for non-bladder malignancies and is an area of ongoing investigation for treat-
ing MIBC as well. As discussed previously with utilization of molecular stratification, 
a role for ICI is emerging based on enhanced treatment response in certain tumor 
types over others. As treatment using ICI has thus far been largely explored in the 
locally advanced and metastatic settings, treatment paradigms incorporating ICI for 
patients with MIBC receiving SBP are not yet well established. There are multiple 
ongoing trials assessing use of ICI for patients receiving SBP followed by RT alone 
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or concurrent chemoradiation. For patients receiving RT alone following TURBT, 
there are two ongoing phase II trials assessing use of RT with concurrent ICI: 
NCT03747419 and IMMUNOPRESERVE [119]. NCT03747419 is assessing use 
of the anti-PDL1 monoclonal antibody avelumab for patients ineligible to receive 
cisplatin. IMMUNOPRESERVE (Durvalumab Plus Tremelimumab with Concurrent 
Radiotherapy for Localized Muscle Invasive Bladder Cancer Treated with a 
Selective Bladder Preservation Approach; NCT 03702179) is a phase II trial spon-
sored by the Spanish Oncology Genito-Urinary Group (SOGUG) studying joint 
inhibition of PD1 and CTLA4 concurrently with RT (administered as 46 Gy to the 
pelvis with 64–66  Gy to the bladder) with the primary endpoint of pathological 
response at post-treatment biopsy [120].

For patients receiving concurrent chemoradiotherapy +/− ICI following TURBT, 
there are two phase II trials (NCT03617913 and NCT02621151) and two phase III 
trials (NCT03775265 [INTACT, NRG/SWOG S1806] and NCT04241185 
[KEYNOTE 992]) currently open [119, 121]. NCT03617913 aims to study the CR 
rate with the addition of avelumab to concurrent chemoradiotherapy using either 
cisplatin or 5-FU/mitomycin-C, and NCT02621151 is a study investigating lead-in 
pembrolizumab, maximal TURBT, and adjuvant concurrent chemoradiotherapy 
with gemcitabine and pembrolizumab using hypofractionated RT of 52 Gy in 20 
fractions [119].

NCT03775265 (INTACT, NRG/SWOG S1806) is a phase III RCT randomizing 
patients with MIBC status post TURBT to concurrent chemoradiotherapy with or 
without atezolizumab [122, 123]. Patients on S1806 are allowed to receive single- 
agent cisplatin, single-agent gemcitabine, or 5-FU/mitomycin-C for systemic ther-
apy; patients randomized to the experimental arm additionally receive concurrent 
and adjuvant atezolizumab 1200  mg every 3  weeks for nine cycles [123]. With 
regard to RT administration, enrolled patients may be treated with 3DCRT or IMRT, 
and treatment of pelvic lymph nodes is optional; however, all patients must receive 
conventionally fractionated treatment to 64–64.8  Gy, as hypofractionation is not 
permitted on this trial [123]. For the volume to be irradiated, clinicians have the 
option of treating the small pelvis to 40–50  Gy (or 41.4–50.4  Gy, if treating at 
1.8  Gy/fraction) followed by sequential boost(s) to either the (1) bladder tumor 
alone, (2) the whole bladder alone, or (3) the whole bladder with a secondary 
sequential boost to the bladder tumor [123]. For patients not receiving nodal RT, the 
treatment step involving irradiating the small pelvis would be omitted. In addition 
to having a primary endpoint of bladder-intact event free survival, S1806 has trans-
lational objectives of testing that nuclear MRE11, impaired DNA damage response 
genes, or tumor subtyping are prognostic [123].

NCT04241185 (KEYNOTE-992) is a phase III global, multicenter, double- 
blinded, placebo-controlled RCT randomizing patients with MIBC status post max-
imal TURBT to concurrent chemoradiotherapy with or without pembrolizumab for 
SBP [121]. Similar to SWOG S1806, the trial is allowing for cisplatin monotherapy, 
5-FU/mitomycin-C, or gemcitabine monotherapy; however, the trial accepts both 
conventional fractionation (whole bladder +/− pelvic node) and hypofractionation 
(whole bladder only) [121]. Patients randomized to the experimental arm receive 
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concurrent and adjuvant pembrolizumab for up to nine doses, and those on the con-
trol arm will receive a placebo. Similarly, tissue will undergo biomarker analysis. 
The study aims to assess the primary endpoint of bladder-intact free survival with 
secondary endpoints of safety, time to occurrence of NMIBC, OS, and metastasis- 
free survival [121].

 Response Evaluation

One of the most pertinent considerations in the evolution of SBP treatment para-
digms is that of mid-treatment response evaluation. Among the pioneering single 
institution experiences establishing use of TMT for SBP, the University of Erlangen 
appeared distinct from the University of Paris and MGH in that concurrent chemo-
radiotherapy was completed continuously without a treatment break for response 
evaluation. The RTOG approach has involved a treatment break following the 
induction phase of treatment for early response assessment (following delivery of 
approximately 40–42 Gy) with repeat cystoscopy and tumor site biopsy. Patients 
complete consolidation chemoradiation only if a complete response or superficial 
residual disease is noted, whereas the remaining patients are encouraged to pursue 
cystectomy in the event of residual/persistent disease. One merit of a mid-treatment 
response assessment includes early identification of non-responders with the hope 
that, by avoiding treatment that is not working, they may maintain excellent out-
comes following receipt of RC. Further, as full-dose RT has not yet been adminis-
tered at the mid-treatment point, the surgical morbidity associated with operating on 
previously irradiated tissue could be less/better. On the other hand, it is arguable that 
patients may unnecessarily be deemed “non-responders” who receive RC before the 
treatment has taken effect (and would otherwise have demonstrated a clinical CR 
following completion of planned concurrent chemoradiotherapy). Critics of a treat-
ment break for response assessment also point to the potential for accelerated tumor 
clonogen repopulation with prolonging treatment package time, with data demon-
strating a trend toward inferior local control with longer treatment package time 
[124, 125].

In contrast to the RTOG approach, patients treated on phase III trials such as 
BC2001 and BCON did not receive a mid-treatment break for response assessment 
and demonstrated comparable outcomes; in these patients, the first opportunity for 
repeat cystoscopy is often at 3 months post-treatment. In the absence of prospective 
data directly comparing outcomes for patients receiving mid-treatment cystoscopy 
and tumor site re-biopsy vs. those receiving continuous concurrent chemoradio-
therapy following TURBT, there is no clear answer as to which approach is better. 
However, on the basis of several existing studies demonstrating excellent outcomes 
for patients treated without treatment break for response assessment, in addition to 
ongoing RCTs (e.g., SWOG S1806) enrolling patients treated continuously without 
a treatment break, it is now considered common practice to forego a mid-treatment 
response assessment.
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 Post-Treatment Follow-Up

It is essential that patients treated with SBP return for regular cancer surveillance, 
which is comprised of a thorough history and physical examination, cystoscopy +/− 
biopsy of tumor site, and urine cytology. This is completed at regular intervals; 
based on the National Comprehensive Cancer Network (NCCN) guidelines utilized 
in the United States, MIBC patients treated with SBP should undergo cystoscopy 
every 3 months for the first 2 years following completion of definitive intent treat-
ment with the following additional testing to be completed every 3–6 months: CT/
MR abdomen/pelvis (A/P), chest imaging (e.g., CT chest), renal function testing, 
complete blood count, comprehensive metabolic panel, and liver function tests 
[126]. Every 6–12 months, patients should additionally receive urine cytology [126].

Once the first 2 years have passed, for years 3–4, patients may undergo cystos-
copy every 6 months and receive CT/MR A/P and CT chest annually, with labora-
tory evaluation and urine cytology to be performed only as clinically indicated 
[126]. At year 5, patients may receive cystoscopy annually and should continue to 
receive CT/MR A/P and CT chest annually. From 5 to 10 years patients are out from 
treatment, patients are allowed to receive cystoscopy annually with imaging and 
blood tests only as clinically indicated, and finally, if >10 years out from treatment, 
patients may elect to discontinue surveillance if they have remained disease-free in 
that time [126].

 Management of Recurrent Disease

 Locoregional Recurrence

Continuous surveillance is important for management of potential locoregional or 
distant recurrences. Cystoscopy with biopsy of the tumor site allows for detection 
of a local recurrence within the bladder, which may manifest as a superficial, non- 
muscle- invasive recurrence (which may then be managed with transurethral resec-
tion or intravesical therapy) or a muscle-invasive recurrence that would then require 
salvage cystectomy with pelvic lymphadenectomy. Regularly spaced, frequent cys-
toscopy allows for early detection and implementation of salvage treatment. As dis-
cussed previously with review of outcomes, patients receiving salvage treatment 
with RC have the potential to maintain similar survival outcomes if the local recur-
rence is detected and acted upon early. While most LRRs manifest within the first 
2 years following completion of definitive therapy, late can recurrences even up to 
5 years following treatment [127].

If patients are suspected to have recurrent disease outside the bladder that has 
remained contained within the pelvis, in addition to evaluation with CT/MR A/P, 
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they may receive a positron emission tomography (PET)-CT for further assessment, 
which may help aid in identifying nodal involvement. Unfortunately, given the great 
likelihood of metastatic disease outside of the pelvis in the event of nodal involve-
ment at the time of relapse, the rate of isolated pelvic relapse is small and estimated 
to range from 5% to 7% [128]. Management of nodal disease in the setting of a 
tumor identified within the bladder would be addressed with salvage RC with 
extended PLND with the option of adjuvant PORT depending on postoperative find-
ings. Isolated nodal relapse is an uncommon scenario: management would begin 
with multidisciplinary input among clinicians with expertise in management of 
complex urologic cases. Local therapy options could include surgery (depending on 
multiple determining factors including size, location, local symptoms, and patient 
candidacy) or RT.  Stereotactic body radiotherapy (SBRT) is a consideration for 
managing patients with oligometastatic disease, with prescribed doses up to 
24–32 Gy administered up to 4–5 fractions depending on the dose constraints of 
adjacent OARs [129]. Strong consideration would additionally be given to adminis-
tration of systemic therapy to address sites of subclinical disease not visualized on 
imaging at the time of diagnosis of recurrence. Patients with pelvic recurrences have 
a poor prognosis; even with efforts at effective salvage treatment, reported median 
survival ranges from 4 to 8 months [127].

 Distant Recurrence

Management of metastatic disease in MIBC is quite complex; as such, extensive 
discussions regarding the myriad of systemic therapy options available for manage-
ment in this scenario comprise a separate chapter. For patients with metastatic dis-
ease, goals of care should be identified early, and appropriate palliation should be 
provided when needed to sites of disease yielding local symptoms (e.g., lungs, 
bone) to promote improved quality of life. Distant recurrence accounts for 30–40% 
of relapses – with the most common sites being the lungs, liver, and bone – and car-
ries a very poor prognosis [78, 130].

 Node-Positive Disease

SBP for patients with clinically involved nodes at the time of diagnosis is an under-
studied area of clinical practice with no existing randomized data to guide manage-
ment, as studies evaluating SBP have largely limited enrollment to patients with 
clinical N0 disease. While RTOG 8802 included a handful of patients with clinically 
involved nodes, the small size of the patient population limits meaningful interpre-
tation [31, 87]. An ongoing ECOG/NRG study (NCT04216290, EA8185/INSPIRE) 
is a phase II trial randomizing patients with stage III urothelial carcinoma (any cT, 
cN1-2, cM0) status post three cycles or more of NAC to concurrent chemoradio-
therapy with or without durvalumab, with the primary endpoint being clinical CR 
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[131]. Patients noting no clinical benefit at post-treatment re-staging 8 weeks fol-
lowing completion of treatment are planned to receive salvage RC, and planned 
stratifications include extent of TURBT (presence of residual disease vs. no residual 
disease), size of lymph nodes (1–2 cm vs. >2 cm), chemotherapy administered (cis-
platin vs. non-cisplatin regimen), whether NAC was administered pre- or post- 
randomization, and response to pre-randomization NAC [131]. Performance of this 
trial marks an important step toward establishing concurrent chemoradiotherapy as 
a primary treatment option for management of clinically node positive MIBC, as 
data from population-based analyses suggest that nearly 80% of patients with node- 
positive nonmetastatic are managed with chemotherapy alone as opposed to 
SBP [132].

 Quality of Life Considerations

Health-related quality of life (HRQOL) embodies a multitude of domains including 
physical (incorporating urinary and sexual function), social, emotional, and psycho-
logical well-being, with a diagnosis of MIBC in itself having been shown to signifi-
cantly impact physical and social function based on population-based analyses on 
registry patients from the Surveillance, Epidemiology, and End Results (SEER) 
Program [133]. An important consideration for patients electing to undergo SBP is 
the impact on HRQOL that undergoing RC would impart. In addition to impact on 
urinary and sexual function, the associated urinary diversion significantly impacts 
daily life and body image [134]. While often not initially suspected as a HRQOL 
culprit, sexual dysfunction secondary to RC is one of the most significant detri-
ments to quality of life. Along with physical changes/altered anatomy accounting 
for organic etiologies underlying sexual dysfunction (e.g., up to 80% of men may 
develop erectile dysfunction), negative psychosocial influences such as the stigma 
associated with urinary diversion may strain intimacy and lead to impaired sexual 
expression or satisfaction [135]. Existing data also suggests that urinary function 
and bowel habits are consistently compromised in patients undergoing RC with 
urinary diversion. The first validated bladder cancer-specific instrument studying 
HRQOL was the Bladder Cancer Index (BCI), developed in 2007; a pilot study 
(n = 315) using the BCI found that patients who had received RC scored lower than 
patients maintaining their native bladder in both function and bother scores across 
all domains (sexual, urinary, bowel) [136]. Of great interest with potential surprise, 
patients who had received an orthotopic neobladder demonstrated significantly 
lower urinary function scores as compared to patients who had received incontinent 
diversions [136]. The impact of RC with urinary diversion on HRQOL should be 
strongly considered when determining a treatment course for patients eligible for 
SBP which may allow them to circumvent issues related to compromised urinary, 
bowel, and sexual functioning.

Retrospective data reporting on HRQOL for patients receiving SBP demon-
strates better outcomes for patients receiving TMT as compared to RC.  A 
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cross- sectional bi-institutional study in the United States analyzing 226 patients 
with MIBC eligible for RC who were disease-free for 2 years or longer adminis-
tered six validated HRQOL instruments and found that TMT was associated with 
better HRQOL by nearly 10 points out of 100 compared to patients receiving RC 
(p  =  0.001) with greater physical, social, emotional, and cognitive functioning 
(p < 0.04) [137]. As compared to RC, patients receiving TMT reported better bowel 
function by 4.5 points (p = 0.02), fewer bowel symptoms by 3–7 points (p < 0.05), 
better sexual function by 9–32 points (p < 0.02), and better body image by 15 points 
(p < 0.001) [137]. A cross-sectional questionnaire study performed in Sweden com-
paring treatment-related side effects from pelvic EBRT monotherapy (n = 58) to RC 
(n = 251) and population controls (n = 310) found that 74% of irradiated patients 
reported normal urinary function, and there was no statistically significant differ-
ence in distress secondary to gastrointestinal symptoms between EBRT monother-
apy and RC (32% vs. 24%) [138]. A similarly high rate of preserved urinary function 
was reported by MGH, with 75% of patients from their retrospective cohort study 
demonstrating normal bladder function by urodynamic study [139]. With regard to 
sexual function, data from MGH suggests that the majority of male patients main-
tained erectile function with only 8% of male patients expressing dissatisfaction, 
and separate data reporting on female patients has found that over 70% of women 
receiving SBP maintained pre-treatment levels of sexual satisfaction [139, 140]. 
Overall, data from a pooled analysis of multiple RTOG studies (RTOG 8903, 9506, 
9706, and 9906) has shown a late grade 3 genitourinary toxicity rate of 5.7% and 
late grade 3 gastrointestinal toxicity rate of 1.9% among patients retaining their 
native bladder, with no grades 4–5 toxicities, indicating relatively favorable late 
term toxicity outcomes for those receiving EBRT with concurrent chemother-
apy [141].

 Radiation Techniques

 Simulation

CT simulation is best performed with the patient having been instructed to present 
to the radiation oncology clinic with an empty bladder and rectum; treating the 
patient with a maximally empty bladder allows for greater reproducibility by evad-
ing the perils of daily inconsistency in bladder filling. Once the patient has com-
pletely voided and made efforts to minimize rectal distension, the patient is then 
simulated in the supine position using a custom-made device such as a Vac-Lok 
(Civco, Kalona, Iowa, USA) for immobilization of the pelvis. A CT scan typically 
without contrast is performed from L1 through mid-femur. Depending on institu-
tional practice, considerations may be made for using IV contrast to aid in identifi-
cation of vasculature (particularly for clinicians who utilize pelvic nodal irradiation); 
however, it is critical that renal function be assessed prior to administration of IV 
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contrast due to concern for contrast-induced nephropathy in patients with high risk 
of compromised renal function secondary to their disease. In lieu of contrast admin-
istration to aid in visualization at the time of simulation, any diagnostic imaging 
obtained as part of pre-treatment workup may be coregistered to guide planning. For 
clinicians planning on administering a bladder tumor boost, certain institutions have 
utilized liquid, radio-opaque markers such as lipiodol to aid in identification [142]. 
Based on institutional practice, some clinicians may opt to treat the patient using an 
adaptive RT technique with a “plan-of-the-day”; such a practice may involve simu-
lating the patient with a maximally empty bladder, a comfortably/reproducibly full 
bladder, and the bladder in an intermediary state [143]. At the authors’ institution, 
patients are simulated and treated with a maximally empty bladder and rectum for 
every day of treatment, and neither IV/oral contrast nor fiducial markers are utilized 
for treatment.

 Target Volume

There is great variability in practice across the world with regard to target volume 
delineation, and the optimal RT target volume in TMT for SBP is considered an area 
of controversy. This is reflected in the protocol of ongoing phase III RCT SWOG 
S1806, which allows for patients to be treated with or without nodal irradiation as 
well as treatment of the whole bladder with or without a tumor boost or omission of 
a whole bladder field and treatment of the tumor only [123]. The patient’s target 
volumes may then be defined and delineated as follows, as described per protocol of 
SWOG S1806 [123]:

• Gross tumor volume (GTV): Macroscopic visible tumor on imaging/cystoscopy
• Clinical target volume (CTV): Comprised of multiple entities, as stated below

 – CTV_bladder tumor: Defined by diagnostic imaging/site of TURBT (as per 
findings documented in operative report as well as multidisciplinary discus-
sion with urologic surgeon at time of treatment planning)

 – CTV_prostate: Target volume encompassing prostate and prostatic urethra in 
male patients

 – CTV_whole bladder: Target volume encompassing the entire bladder, includ-
ing the CTV_bladder tumor

 – CTV_nodal: Target volume encompassing the pelvic nodes below the com-
mon iliac bifurcation, including the presacral nodes, external iliac nodes, 
internal iliac nodes, and obturator nodes. These nodal regions are anatomi-
cally defined as follows:

• Pre-sacral nodes: This lymphatic area extends from the superior aspect of 
S1 to the superior aspect of S3 and includes the 1 cm thickness anterior to 
the sacrum
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• External iliac nodes: This lymph node group is contoured inferiorly up to 
the superior aspect of the femoral heads and is delineated by creating a 
7 mm circumferential expansion around the external iliac vessels.

• Internal iliac nodes: This lymph node group is contoured inferiorly until no 
longer visualized or until exiting the pelvis via the greater sciatic notch and 
is delineated by creating a 7  mm circumferential expansion around the 
internal iliac vessels.

• Obturator nodes: This lymphatic area is contoured superiorly where the 
iliac vessel contours stop and extends inferiorly to the superior aspect of 
the symphysis pubis; it encompasses the 1  cm width of tissue situated 
medially to the obturator internus muscles from the anterior to posterior 
borders of the ilium.

• All nodal target volumes must be trimmed so that they do not extend out-
side the pelvis or into adjacent OARs such as the rectum, bowel, or bone.

• Planning target volume (PTV): Comprised of symmetric expansions of CTV to 
account for inter-fraction variability from internal organ motion or daily set-up. 
The following are recent trial-utilized values; optimal PTV expansions could be 
determined based on institutional preferences or analyses determining set-up/
positional error.

 – PTV_bladder tumor: 5 mm to 1  cm expansion if using IMRT; 1.0–1.5  cm 
expansion if using 3DCRT with margin to be determined based on image- 
guided radiotherapy (IGRT) options available at treating institution.

 – PTV_whole bladder: 5 mm to 1 cm expansion if using IMRT; 1.0–1.5 cm 
expansion if using 3DCRT (except in the region of the bladder tumor, with 
margin of 2 cm permissible) with margin to be determined based on image- 
guided radiotherapy (IGRT) options available at treating institution.

 – PTV_prostate: 5 mm expansion of CTV_prostate for male patients.
 – PTV_nodal: 5 mm expansion of CTV_nodal.
 – Anisotropic expansions may be utilized to achieve dose constraints to adja-

cent OARs.

A treatment plan for a patient treated with 41.4 Gy to the pelvis and nodes fol-
lowed by a sequential bladder boost to 64.8 Gy is portrayed in Fig. 18.3. Acceptable 
planning metrics ideally yield coverage V100 ≥ 95% with a hotspot no greater than 
110%. The OARs to delineate include the bilateral femoral heads, rectum, and small 
bowel, with corresponding dose constraints to be listed in the following section 
on dosing.

There is no clear consensus regarding treatment of pelvic nodal regions, other 
than that pelvic nodal irradiation can be administered using conventional fraction-
ation, whereas hypofractionated treatments typically target the whole (or partial) 
bladder only. Randomized data from a trial performed in Pakistan comparing 
patients receiving RT to the whole pelvis (n = 120) to those receiving treatment to 
bladder only (n = 110) found, at 5-year median follow-up, no significant difference 
in DFS (47.1% vs. 46.9%, p = 0.5), bladder preservation rate (58.9% vs. 57.1%, 
p = 0.8), or OS (52.9% vs. 51%, p = 0.8) [144].
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Therefore, the following are all accepted treatment volumes for irradiating MIBC:

• Whole pelvis irradiation encompassing bladder and lymph nodes (e.g., to 
41.4 Gy), followed by cone down to whole bladder (e.g., to 55.8 Gy), followed 
by boost to tumor site (e.g., to 64.8 Gy)

• Whole pelvis irradiation encompassing bladder and lymph nodes (e.g., to 
41.4 Gy), followed by cone down to whole bladder (e.g., to 64.8 Gy)

• Treatment of either whole bladder or tumor site only, with or without a boost

 – This is the most common method of treatment delivery in Europe, where the 
PTV often incorporates the CTV with a 1.5 cm expansion. In BC2001, the 
PTV1 consisted of the outer bladder wall with a 1.5 cm expansion, and the 
PTV2 consisted of the tumor site with a 1.5 cm expansion [61].

 Dose

Multiple dosing schemes have been utilized in TMT for SBP. Conventionally frac-
tionated RT is administered in 1.8–2.0 Gy per fraction once daily. Daily, conven-
tionally fractionated RT delivers a cumulative dose of 64–64.8 Gy to either (1) the 
whole bladder or (2) the tumor site only (with a margin), depending on planned 

Fig. 18.3 A treatment plan for a patient treated with definitive concurrent chemoradiotherapy 
using IMRT for muscle-invasive bladder cancer. A prescription of 41.4 Gy was used for PTV_pel-
vis and nodes (lime green volume encompassed by teal isodose line) and was followed by a 
sequential boost of 23.4 Gy to the PTV_bladder for a cumulative dose of 64.8 Gy (red volume 
encompassed by dark blue isodose line). The low dose spread from IMRT is additionally depicted 
(pearl, 20.0 Gy; dark green, 25.0 Gy; brown, 30.0 Gy; teal, 41.4 Gy; yellow, 45.0 Gy; orange, 
54.0 Gy; green, 60.0 Gy)
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treatment delivery method. For patients who are receiving pelvic nodal irradiation, 
dose delivered to this area typically ranges from 41.4 to 50.4 Gy when administer-
ing treatment at 1.8 Gy per fraction or 40 to 50 Gy when treating with 2 Gy daily 
fractions. If utilizing an accelerated fractionation approach, such as in the RTOG 
trials (e.g., RTOG 0712), treatment may be administered in 1.5 Gy fractions twice 
daily (separated by at least 6 hours) [75]. For patients receiving hypofractionated 
RT, treatment is administered at 2.75 Gy per fraction to a cumulative dose of 55 Gy 
to either (1) the whole bladder or (2) the tumor site with a margin (partial bladder).

 Dose Constraints (Conventional Fractionation) [75, 123]

Rectum: V30 ≤ 50%, V55 ≤ 10%
Femoral heads: Max 45 Gy
Small bowel: V50 ≤ 15 cc, V45 ≤ 100 cc, V30 ≤ 150 cc

 Fields

While 3DCRT has historically been utilized for management of MIBC, with wide 
margins (1.5 cm as per BC2001 or 2 cm as per RTOG approach) to account for 
organ motion and variations in set-up prior to advances in IGRT, IMRT is being 
increasingly utilized with the aid of cone beam CT (CBCT) for daily image guid-
ance. IMRT carries multiple benefits, including the potential for use of simultane-
ous integrated boost (SIB) technique to the primary tumor site and shorter treatment 
delivery times with the ability to minimize dose to adjacent OARs by optimizing 
beam angles/dose entry, thereby providing more conformal treatment [145]. 
However, 3DCRT still remains frequently utilized. For patients receiving treatment 
with 3DCRT incorporating pelvic nodal irradiation, treatment has historically 
encompassed a “small pelvis” that may be treated using a four-field technique (AP/
PA and opposed laterals) with the following field borders [75]:

• Superior border: Mid-sacroiliac joint
• Inferior border: Bottom of the obturator foramen
• Lateral borders: 1.5  cm margin on the pelvic brim for AP/PA fields or 2  cm 

beyond the CTV for the lateral fields

In designing the AP/PA fields, care must be taken to block the femoral heads. In 
designing the lateral fields, the rectum and small bowel should be blocked.

 RTOG Approach

To summarize an example of radiotherapeutic management, the RTOG approach 
will be utilized as an example. Following a diagnosis of MIBC with decision to 
pursue SBT with TMT, a patient receives maximal TURBT and is then initiated on 
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induction treatment of concurrent chemoradiotherapy to a dose of 40–45 Gy admin-
istered over 20–25 fractions. In the first phase of RT, the whole bladder is treated 
with a 2  cm margin, and the initial treatment volume incorporates the prostatic 
urethra in men (or the proximal 2 cm of the urethra in women) as well as the pelvic 
lymphatics (which may be treated using the previously described “small pelvis” 
technique if using 3DCRT). Following induction therapy, a repeat cystoscopy with 
biopsy of the primary tumor site is performed after a 2–3-week treatment break. 
Patients with residual disease noted on pathology are then referred for RC, whereas 
patients with CR (or good response with only superficial disease remaining) then 
proceed with the consolidation phase of treatment. In the consolidation phase of 
treatment, patients receive the remainder of the prescription dose, which is admin-
istered as a cone treatment down to the whole bladder (an additional 10–14 Gy) 
followed by a final boost to the tumor alone with a 2 cm margin (an additional 10 Gy).

 Summary of Treatment Recommendations

For patients considered eligible for SBP who are receiving TMT, we recommend 
maximal TURBT with adjuvant concurrent chemoradiotherapy. Patients are consid-
ered optimal candidates if they present with cT2-T3aN0M0 disease with unifocal 
disease and without CIS or tumor-associated hydronephrosis, although consider-
ation for bladder sparing is on a case-by-case basis. Options for concurrent systemic 
therapy include cisplatin monotherapy, gemcitabine monotherapy, 5-FU/mitomy-
cin- C, or a cisplatin-based regimen with 5-FU or paclitaxel. RT regimens vary based 
on institutional practice but include conventionally fractionated RT of 64.8 Gy in 36 
fractions to the bladder +/− pelvic nodes or hypofractionated RT of 55 Gy in 20 
fractions to the whole bladder only. It is the authors’ practice to perform conven-
tionally fractionated radiotherapy, delivering 41.4 Gy in 23 fractions to the PTV 
encompassing the whole bladder and pelvic nodes followed by a 23.4 Gy in 13 frac-
tion boost to the whole bladder PTV for a cumulative dose of 64.8 Gy given over 36 
fractions. Consideration may additionally be given to concurrent and adjuvant 
immunotherapy with patient enrollment on a clinical trial.

 Conclusion

SBP is an emerging treatment paradigm for definitive management of MIBC with 
great promise. The most effective regimen investigated to date incorporates TMT 
with maximal TURBT followed by RT administered with concurrent radiosensitiz-
ing chemotherapy. While currently limited to patients deemed eligible for candi-
dacy based on strict selection criteria, future treatment directions include broadening 
eligibility and assessing outcomes for patients with MIBC who do not necessarily 
meet these criteria. Studies on HRQOL suggest comparatively higher quality of life 
associated with bladder sparing versus RC; while there are no prospective, random-
ized data to directly compare these two treatments, a steadily increasing body of 
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literature suggests no significant difference in oncologic outcomes, which makes 
bladder sparing treatment very compelling. In addition to continued assessment of 
systemic therapy options, ICI is additionally under investigation with ongoing 
RCTs, and recently designed RCTs are now incorporating molecular subtyping 
with the ultimate goal of having these be prospectively validated. The results of 
ongoing RCTs prospectively investigating conventional fractionation vs. hypofrac-
tionation and pelvic nodal irradiation vs. treatment of bladder only are eagerly 
awaited. Further study will additionally be needed to elucidate a better understand-
ing of optimal management for patients with node-positive disease as we approach 
an era of improved systemic therapy now incorporating ICI.
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Chapter 19
Treatment of Metastatic Bladder Cancer

Yu Fujiwara, Hirotaka Miyashita, and Matthew D. Galsky

 Introduction

The treatment options for patients with locally advanced or metastatic bladder can-
cer (BC) have been limited for decades. The main first-line treatment has been 
platinum- based chemotherapy, and the role of second-line chemotherapy had been 
limited until the development of immune checkpoint inhibitors. Approximately 
25% of patients with bladder cancer present with muscle-invasive disease, of whom 
half may ultimately progress to metastatic disease, while ~5% present with meta-
static disease de novo [1]. The most common histology of cancer in the urinary tract 
is urothelial carcinoma (UC), and the bladder is the most common primary site. UC 
consists of approximately 90% of BC, and the evidence of treatment of BC is mainly 
based on the trials for UC [2]. The median overall survival (OS) of patients with 
metastatic BC was about 3 months prior to the development of chemotherapeutic 
regimens with activity in this disease, and more contemporary clinical trials report 
median OS of ~15 months [3, 4]. Several clinical factors have been associated with 
prognosis in prior studies. The Karnofsky or Eastern Cooperative Oncology Group 
performance status (KPS ≤ 80% or ECOG PS > 1) and visceral metastases (lung, 
liver, or bone) were found as prognostic factors among patients who received meth-
otrexate, vinblastine, doxorubicin, and cisplatin (MVAC) or paclitaxel, gemcitabine, 
and cisplatin (PGC) in the first-line setting [5, 6]. In the second-line setting, a study 
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evaluating vinflunine for platinum-refractory patients showed that anemia (hemo-
globin <10 g/dL), liver metastases, and ECOG PS (>0) were related to poor progno-
sis [7]. Molecular features associated with prognosis that have been extensively 
validated have been more elusive though molecular subtypes of bladder cancer 
defined by gene expression profiling so seem to confer some prognostic information.

 First-Line Treatment for Metastatic Bladder Cancer

The first-line treatment for patients with locally advanced or metastatic BC has been 
limited until the development of immune checkpoint blockade in the late 2010s. 
Currently, gemcitabine plus cisplatin (GC) and MVAC are the main options for 
cisplatin-eligible patients (Fig.  19.1), and carboplatin-based chemotherapy (i.e., 
gemcitabine plus carboplatin) has been the mainstay of treatment for patients ineli-
gible for cisplatin. Programmed cell death protein 1 (PD-1)/programmed death- 
ligand 1 (PD-L1) blockade with pembrolizumab or atezolizumab is a potential 
option for cisplatin-ineligible patients harboring tumors with increased PD-L1 

Eligible for cisplatin-based chemotherapy?

Cisplatin-based chemotherapy
- GC, MVAC, or ddMVAC

Symptomatic or rapid growth?

Yes

No Yes

No

Yes No

Yes No

PD-L1 positive?

ICI
- Pembrolizumab
- Atezolizumab

Carboplatin-based chemotherapy
- GCa

Eligible for carboplatin-based chemotherapy?

ICI
- Pembrolizumab, atezolizumab
Single-agent chemotherapy
BSC
Clinical trials

YesNo

Disease progression?

Maintenance avelumab + BSC

- Rechallenge platinum-based regimens (1)
- Erdafitinib (2)
- Enfortumab vedotin
- Non-platinum single-agent chemotherapy
- Clinical trials
- BSC

Second-line and beyond

Platinum-based and ICI pretreated Platinum-based pretreated ICI pretreated Non-platinum chemotherapy pretreated

- Rechallenge platinum-based regimens (1)
- ICI (3)
- Erdafitinib (2)
- Non-platinum single-agent chemotherapy
- Clinical trials
- BSC

- Platinum-based regimens (4) 
- Non-platinum single-agent 
chemotherapy
- Clinical trials
- BSC

- Platinum-based regimens (4)
- ICI (3)
- Clinical trials
- BSC

First-line

(1) Progression > 12 months after first-line chemotherapy
(2) For patients with FGFR2 or FGFR3 alterations
(3) Pembrolizumab is preferred.
(4) For patients eligible for platinum-based chemotherapy

Fig. 19.1 Treatment algorithm for metastatic urothelial cancer. Abbreviation: GC gemcitabine 
and cisplatin, MVAC methotrexate, vinblastine, doxorubicin and cisplatin, ddMVAC dose-dense 
MVAC, GCa gemcitabine and carboplatin, ICI immune checkpoint inhibitor, BSC best supportive 
care, PD-L1 programmed death-ligand 1
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expression though initial chemotherapy with switch maintenance PD-1/PD-L1 
blockade has emerged as a preferred strategy. For patients that are “chemotherapy 
ineligible,” PD-1/PD-L1 blockade remains a potential treatment option.

 Treatment for Cisplatin-Eligible Patients

In the 1990s, cisplatin-based chemotherapy was shown to improve the OS in patients 
with advanced UC. At first, MVAC showed survival improvement when compared 
with cisplatin alone [8]. MVAC had toxicities such as myelosuppression and muco-
sitis. Several platinum-based doublets with newer cytotoxic drugs, such as the com-
bination of GC, were subsequently explored in phase 2 trials demonstrating 
promising activity [9]. A phase 3 trial comparing GC with MVAC showed a similar 
response rate and OS, albeit with less toxicity with GC, and GC became a standard 
first-line regimen [4, 10]. Dose-dense MVAC (ddMVAC) with granulocyte colony- 
stimulating factor demonstrated less toxicity and potentially better long-term sur-
vival rates compared with classical MVAC in a phase 3 trial [11]. Dose-dense GC 
was also compared with ddMVAC but no OS difference was observed [12]. GC was 
compared with paclitaxel plus GC (PGC) in a phase 3 trial (EORTC study 30987). 
Although subgroup analyses showed an OS improvement among patients who met 
all eligibility criteria and patients with primary BC, PGC had more toxicities and 
showed no significant survival benefit in the overall population [13]. Together, these 
series of single-arm and randomized studies have solidified the role of GC and 
ddMVAC as standard first-line options for cisplatin-eligible patients with metastatic 
UC (Table 19.1).

 Treatment for Cisplatin-Ineligible Patients

 Carboplatin-Based Chemotherapy

The risks versus benefits of cisplatin-based chemotherapy for patients with meta-
static UC require individualized shared medical decisions. However, criteria for 
“cisplatin-ineligibility” have been harmonized for clinical trial eligibility purposes 
which can also offer some guidance for routine clinical care which include the fol-
lowing: ECOG PS >1, glomerular filtration rate (GFR) ≤60, grade ≥2 hearing loss, 
grade ≥2 peripheral neuropathy, and the New York Heart Association ≥ III heart 
failure [14]. Renal impairment, common in patients with UC based on age- associated 
physiologic declines in GFR, age- and smoking-related comorbidities, and potential 
tumor-related ureteral obstruction, is the most common reason for “cisplatin ineli-
gibility.” The development of chemotherapeutic regimens that balance safety and 
efficacy for this subset of patients with metastatic UC has been pursued for decades. 
A phase 2/3 randomized controlled trial (RCT) which compared gemcitabine plus 
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carboplatin (GCa) with methotrexate, carboplatin, and vinblastine (M-CAVI) 
showed less toxicity and higher response rate in GCa than M-CAVI (overall response 
rate (ORR), 42% vs 30%) although no significant difference in ORR and OS was 
observed (EORTC study 30986) [15]. A recent phase 2 RCT evaluating the efficacy 
of vinflunine plus gemcitabine (VG) compared with GCa showed higher ORR in 
VG than GCa, but no significant difference was observed in OS and progression- 
free survival (PFS) [16]. Therefore, GCa has become a favored first-line regimen for 
cisplatin-ineligible patients with metastatic UC.

 Immune Checkpoint Blockade

PD-1/PD-L1 inhibitors demonstrated early after in UC in expansion cohorts of phase 
I studies in solid tumors leading to the rapid initiation of larger studies. Atezolizumab, 
a PD-L1 inhibitor, was evaluated in the IMvigor210 phase 2 trial. In cohort 1 of this 
study, 119 cisplatin-ineligible chemotherapy-naïve patients with locally advanced or 
metastatic UC regardless of PD-L1 expression status were enrolled, and atezoli-
zumab demonstrated an ORR of 23%, median PFS of 2.7 months, and median OS of 
15.9 months [17]. Another trial (KEYNOTE-052) which evaluated the efficacy of 
pembrolizumab, a PD-1 inhibitor, for 370 cisplatin- ineligible patients showed an 
ORR of 29% with CR of 9%, median PFS of 2.2  months, and median OS of 
11.3 months. Notably, ORR was 47% in patients with high PD-L1 expression (com-
bined positive score (CPS) ≥10%) and 20% in patients with CPS <10%, respectively 
[18, 19]. Based on these results, atezolizumab and pembrolizumab were approved 
by the US Food and Drug Administration (FDA) in 2017 for cisplatin-ineligible 
patients regardless of the PD-L1 expression status in the first-line setting. However, 
the interim results of two phase 3 studies (IMvigor130 and KEYNOTE-361) which 
compared PD-1/PD-L1 inhibitors plus chemotherapy, PD-L1/PD-L1 inhibitor 
monotherapy, and chemotherapy showed poorer survival outcomes among patients 
with low PD-L1 expressing tumors who received PD-1/PD-L1 inhibitor monother-
apy than those who received platinum-based chemotherapy. Therefore, for cisplatin-
ineligible patients, the FDA prescribing label was changed to limit atezolizumab and 
pembrolizumab to patients with tumor harboring high levels of PD-L1 expression 
based on the appropriate assay for the particular PD-1/PD-L1 inhibitor. The FDA 
prescribing label did permit the use of these therapies for patients deemed “plati-
num-ineligible” (i.e., “chemotherapy-ineligible”) regardless of the PD-L1 expres-
sion status. The evidence to select either carboplatin- based chemotherapy or PD-1/
PD-L1 inhibitor monotherapy for cisplatin-ineligible patients is insufficient. Because 
of the higher response rate in carboplatin-based chemotherapy (ORR, 41.2% in 
EORTC Study 30986) compared with that in PD-1/PD-L1 inhibitor monotherapy 
(ORR, around 20% in IMvigor210 and KEYNOTE-052), patients with rapid pro-
gression or visceral crisis might be better to be treated with carboplatin-based che-
motherapy. However, the incidence of grade 3 or more adverse events (AEs) is 
higher in chemotherapy, and patients with poor performance status or slower tumor 
growth may prefer PD-1/PD-L1 inhibitor monotherapy.
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 Maintenance Immune Checkpoint Blockade

Standard first-line platinum-based chemotherapy for metastatic UC is typically 
administered for up to six cycles, in the absence of prohibitive side effects or disease 
progression, and then discontinued due to the likelihood of cumulative side effects 
in the absence of additional benefit. Given the generally short duration of response 
upon discontinuation of chemotherapy, and the efficacy of PD-1/PD-L1 blockade as 
second-line treatment, initiating immune checkpoint blockade upon cessation of 
chemotherapy in a switch maintenance approach has been explored. In a phase 2 
trial (GU14-182) which compared switch maintenance pembrolizumab with pla-
cebo subsequently after platinum-based chemotherapy, pembrolizumab demon-
strated an improvement in PFS (5.4 versus 3.0 month; hazard ratio, HR 0.64 [95% 
confidence interval, CI, 0.41–0.98]) [20]. In parallel, the strategy to use avelumab, 
a PD-L1 inhibitor, as maintenance therapy was studied in a phase 3 trial (JAVELIN 
Bladder 100) [21]. Patients who received four to six cycles of GC/GCa without 
disease progression were randomly assigned to receive best supportive care with or 
without maintenance avelumab. Maintenance avelumab prolonged OS and PFS in 
the overall population (OS: 21.4 versus 14.3 months; HR 0.56 [95% CI 0.40–0.79]; 
PFS: 3.7 versus 2.0  months; HR 0.62 [95% CI 0.52–0.75]) and in the PD-L1- 
positive population. As a result, maintenance immune checkpoint blockade after 
initial platinum-based chemotherapy has been embraced as a standard treatment 
approach.

 Treatment in the Second-Line and Beyond Setting

Cytotoxic chemotherapy, typically with taxanes, had been a common approach for 
patients with metastatic UC progressing despite first-line chemotherapy. However, 
ORR with this approach was relatively low and better strategies were pursued. An 
understanding of the tumor microenvironment and the molecular features of UC has 
led to the development of multiple new therapeutic classes in the second-line and 
beyond setting.

 Immune Checkpoint Blockade

Traditionally, single-agent cytotoxic chemotherapy was the main treatment option 
in the second-line and beyond setting before the development of immunotherapy. 
The development of immune checkpoint blockade led to the expansion of therapeu-
tic options and changed the second-line and beyond treatment scheme. Currently, 
five anti-PD-1/PD-L1 antibodies (pembrolizumab, atezolizumab, nivolumab, dur-
valumab, and avelumab) are FDA-approved in the second-line setting. Atezolizumab 
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was first approved as it showed promising activity among patients with advanced 
UC progressed during or after the previous platinum-based chemotherapy in the 
early-phase trials [22]. Several cancer cell and tumor microenvironment features 
were associated with a high likelihood of response to atezolizumab, such as PD-L1 
expression, tumor mutational burden, and molecular subtype, but none of these has 
been integrated into clinical decision-making [22]. The efficacy of atezolizumab 
was subsequently confirmed by the phase 3 trial (IMvigor211) that compared 
atezolizumab with conventional single-agent chemotherapy (paclitaxel, docetaxel, 
or vinflunine). Although this study did not meet its primary endpoint in patients 
with PD-L1 high expressing tumors, there was a suggestion of better outcomes with 
atezolizumab versus chemotherapy in the intent-to-treat population though this was 
considered exploratory given the hierarchical statistical analysis plan (i.e., improved 
OS needed to be demonstrated in the patients with PD-L1 high expressing tumors 
before hypothesis testing could formally occur in the intent-to-treat population) 
[23]. In contrast with atezolizumab, pembrolizumab improved the median OS (10.1 
versus 7.3  months; HR 0.7 [95% CI 0.57–0.85]) in platinum-refractory patients 
compared with chemotherapy (paclitaxel, docetaxel, or vinflunine) in the phase 3 
trial (KEYNOTE-045). Pembrolizumab also demonstrated better response rate 
(21% vs 11%) and less severe toxicity (17% vs 50%) [24, 25]. Pembrolizumab in 
patients with high PD-L1 expression (CPS ≥ 10) achieved similar ORR (20.3%) to 
the overall population, suggesting OS benefit was independent of the PD-L1 expres-
sion level. Other immune checkpoint inhibitors including nivolumab (PD-1 inhibi-
tor), avelumab (PD-L1 inhibitor), and durvalumab (PD-L1 inhibitor) were also 
shown to have promising efficacy in early-phase clinical trials which resulted in 
FDA approval. The phase 1/2 CheckMate 032 trial evaluating nivolumab mono-
therapy for recurrent or platinum-ineligible patients showed 24% of ORR regardless 
of PD-L1 expression [26]. Another phase 2 CheckMate 275 trial assessing nivolumab 
monotherapy showed a similar ORR (19.6%) and median OS of 8.7 months [27]. 
This trial found that higher tumor mutational burden was associated with improved 
ORR, PFS, and OS [28]. Avelumab and durvalumab were also found to have ade-
quate ORR (17% with avelumab and 17% with durvalumab) in early-phase clinical 
trials regardless of the PD-L1 expression status [29, 30].

 Chemotherapy

Given the results of KEYNOTE-045 and IMvigor211 trials, single-agent chemo-
therapy with taxanes (or vinflunine in countries where this therapy is available) is 
now usually reserved for patients with contraindications to immune checkpoint 
inhibitors though newer therapies have further decreased the use of these therapies. 
In Europe, vinflunine is approved for second-line use based on the phase 3 trial 
result which compared vinflunine with best supportive care among 370 patients 
previously treated with platinum-based chemotherapy. This trial demonstrated no 
significant difference in OS (6.9 versus 4.6 months; HR 0.88 [95%CI 0.69–1.12]) 
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though a trend toward better outcomes was observed [31]. Other agents such as 
taxanes, gemcitabine, and ifosfamide were shown in previous studies to have 
10–20% response rate [32–35].

 FGFR Inhibitors

Fibroblast growth factor receptor (FGFR) is known to control cell proliferation, 
survival, migration, and differentiation in cancer cells [36]. Alterations of FGFR 
lead to oncogenesis which is seen among several cancer types including UC though 
UC harbors among the highest frequency of somatic FGFR3 alterations [36]. 
Generally, alterations of FGFR3 are seen in approximately 20% of patients with 
advanced UC, and FGFR2 or FGFR3 is commonly involved in the luminal I subtype 
[36, 37]. Initially, dovitinib, a multi-targeted inhibitor of tyrosine kinases including 
FGFR3, was investigated for platinum-refractory patients with or without FGFR 
mutations. However, this phase 2 trial did not show substantial activity with dovi-
tinib [38]. Subsequently, more potent and selective FGFR3 inhibitors were devel-
oped and demonstrated activity on UC.  Erdafitinib, a pan-FGFR inhibitor, was 
approved by the FDA for platinum-refractory patients as erdafitinib showed efficacy 
in patients with FGFR mutations (FGFR3 gene mutation or FGFR2/3 gene fusions) 
with 42% of ORR, median PFS of 5.5 months, and median OS of 13.8 months, 
respectively. Of note, about 70% of patients who were previously treated with 
immune checkpoint blockade gained response in this trial [39]. In any grade AEs, 
hyperphosphatemia was seen in 77% of patients, followed by stomatitis (58%) and 
diarrhea (50%). Other important AEs with erdafitinib are hand-foot syndrome, nail 
changes (onycholysis, 18%; paronychia, 17%; nail dystrophy, 16%; nail disorder, 
8%), and ocular events including dry eye and central serous retinopathy which 
require dry eye prophylaxis with ocular demulcents and regular ophthalmologic 
examinations during the first 4 months of treatment and every 3 months afterward 
[39]. Several studies are ongoing to evaluate other pan-FGFR inhibitors and an 
FGFR3-specific antibody to develop therapeutic options for patients with FGFR 
alterations.

 Enfortumab Vedotin

Enfortumab vedotin is an antibody-drug conjugate (ADC) that is composed of an 
anti-nectin-4 monoclonal antibody conjugated to monomethyl auristatin E (called 
vedotin), a micro-tubule-disrupting agent [40]. Nectin-4 is a transmembrane protein 
and related to oncogenesis in cancer cells. Several solid tumors such as urothelial, 
breast, gastric, and lung carcinoma are known to have high expression of Nectin-4 
[41]. A phase 2 trial (EV-201) demonstrated the efficacy of enfortumab vedotin in 
125 patients with locally advanced or metastatic UC who had progression after 
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platinum-based chemotherapy and immunotherapy, resulting in FDA approval in 
2019. This study showed an ORR of 44%, median PFS of 5.8 months, and median 
OS of 11.7 months [42]. Grade ≥3 treatment-related adverse events (TRAEs) were 
seen in 54% of patients, and the common grade ≥3 TRAEs were neutropenia (8%), 
anemia (7%), and fatigue (6%). Currently, a phase 3 trial that compares enfortumab 
vedotin with chemotherapy (paclitaxel, docetaxel, or vinflunine) for patients previ-
ously treated with platinum-based chemotherapy and immunotherapy is ongoing 
(EV-301, NCT03474107). Concurrently, another phase 3 trial (EV-302, 
NCT04223856) will compare enfortumab vedotin plus pembrolizumab with GC/
GCa in the first-line setting.

 Future Perspective of Treatment

 Combination Treatment with Immunotherapy

To explore the potential benefits of the combination therapy using immune check-
point inhibitors and other agents, several phase 3 trials are ongoing both in the first- 
line and the later line settings. Especially, the IMvigor130 trial comparing 
atezolizumab, atezolizumab plus GC/GCa, and GC/GCa showed significant 
improvement of PFS with atezolizumab plus GC/GCa compared with GC/GCa 
(stratified HR 0.82 [95% CI 0.70–0.96]) but did not show OS benefit in the interim 
analysis (stratified HR 0.83 [95% CI 0.69–1.0]). This study is ongoing and the final 
OS analysis is awaited [43]. Another phase 3 study, KEYNOTE-361, compared 
pembrolizumab plus GC/GCa versus GC/GCa. Although there was a trend toward 
improvement in PFS (HR 0.78 [95% CI 0.65–0.93]) and OS (HR 0.86 [95% CI 
0.72–1.02]) for patients treated with pembrolizumab plus GC/GCa, the study results 
did not reach statistical significance per the pre-specified statistical plan [44]. 
Another potential combination is the dual immune checkpoint inhibitors as the effi-
cacy of this strategy was shown in other cancers such as renal cell carcinoma and 
lung cancer [45, 46]. Nivolumab plus ipilimumab (a cytotoxic T-lymphocyte anti-
gen 4 [CTLA-4] inhibitor) was investigated in the CheckMate 032, phase 2 trial. In 
this study, 274 patients who showed progression on prior platinum-based chemo-
therapy were assigned to either nivolumab monotherapy or nivolumab plus ipilim-
umab which had two cohorts with different dose. Nivolumab (1  mg/kg) plus 
ipilimumab (3 mg/kg) provided the greatest efficacy among three cohorts in ORR 
(38.8%), PFS (4.9 months), and OS (15.3 months) [47]. Currently, a phase 3 trial 
comparing nivolumab plus ipilimumab versus platinum-based chemotherapy in the 
first-line setting is ongoing (CheckMate 901, NCT03036098). Dual immune check-
point inhibitors in the first-line setting were also investigated in the DANUBE trial 
(NCT02516241) which compared durvalumab (PD-L1 inhibitor) versus durvalumab 
plus tremelimumab (CTLA-4 inhibitor) versus GC/GCa. However, this study did 
not meet the primary endpoint that was the OS benefit from durvalumab mono-
therapy compared with GC/GCa in the high PD-L1 expression group and OS benefit 
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from durvalumab plus tremelimumab compared with GC/GCa regardless of PD-L1 
expression status [48]. There is another study, the NILE trial (NCT03682068), 
which evaluates the efficacy of durvalumab plus GC/GCa, durvalumab plus treme-
limumab with GC/GCa, and GC/GCa alone. This study is ongoing and will provide 
insights into the efficacy of dual immune checkpoint inhibitors with 
chemotherapy.

 Molecular-Targeted Therapy and ADC

In addition to immunotherapy, other therapeutic agents have been explored. 
Angiogenesis inhibitors targeting the vascular endothelial growth factor (VEGF) 
pathway were investigated for advanced or metastatic BC. Ramucirumab, a mono-
clonal antibody that inhibits the VEGF receptor-2 (VEGFR2), was explored in a 
phase 3 trial (RANGE). Ramucirumab plus docetaxel was compared with docetaxel 
alone for platinum-refractory patients. Although PFS was significantly longer in 
ramucirumab plus docetaxel therapy (4.1 versus 2.8  months; HR 0.70 [95% CI 
0.57–0.85]), it did not improve OS (9.4 versus 7.9  months; HR 0.89 [95% CI 
0.72–1.09]) [49]. Bevacizumab, a monoclonal antibody targeting VEGF-A, plus GC 
was evaluated in the first-line setting in a phase 3, CALGB 90601 trial. Similarly, 
this combination improved PFS (HR 0.77 [95%CI 0.63–0.93]) but did not prolong 
OS (HR 0.87 [95% CI 0.72–1.06]) compared with GC alone [50]. Although these 
trials showed the potential efficacy of angiogenesis inhibitors, no agents are cur-
rently approved. The combination of angiogenesis inhibitors with PD-1/PD-L1 
blockade has also been evaluated. Cabozantinib, a multi-targeted inhibitor of tyro-
sine kinases including VEGFR2, with nivolumab alone or with ipilimumab demon-
strated a modest ORR in a phase 1 trial [51]. Lenvatinib, another multi-targeted 
inhibitor of tyrosine kinase including VEGFR1-3, with pembrolizumab demon-
strated 25% of ORR for solid tumors in a phase 1 trial [52]. A phase 3 trial compar-
ing lenvatinib plus pembrolizumab with pembrolizumab alone for platinum-ineligible 
patients in the first-line setting is ongoing (NCT03898180). Other potential options 
are ADCs. Sacituzumab govitecan, a Trop-2-directed antibody conjugated to a 
topoisomerase I inhibitor (SN-38), has been widely investigated for solid tumors and 
obtained approval for previously treated metastatic triple-negative breast cancer in 
2020 [53]. Two cohorts of a basket phase 2 trial (NCT03547973) showed an ORR of 
~30% in patients with metastatic UC who progressed after platinum-based chemo-
therapy and immunotherapy and in platinum-ineligible patients with immunother-
apy failure [54, 55]. The cohort 3 of this study which evaluates sacituzumab govitecan 
plus pembrolizumab for patients after failure of platinum-based chemotherapy or 
immunotherapy and a phase 3 trial (NCT04527991) which compares sacituzumab 
govitecan with chemotherapy (docetaxel, paclitaxel, or vinflunine) after the failure 
of platinum-based chemotherapy and immunotherapy are ongoing. Another promis-
ing candidate of ADC is trastuzumab deruxtecan, composed of an anti-HER2 
(human epidermal growth factor receptor 2) antibody linked to a cytotoxic 
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topoisomerase I inhibitor. Approximately 30% to 50% of UC is known to express 
HER2 [56]. It showed clinical efficacy among HER2-positive solid tumors such as 
breast and gastric cancer [57–59]. A phase 2 trial for HER2 expressing tumors 
including BC (NCT04482309) and another trial evaluating trastuzumab deruxtecan 
plus nivolumab for breast cancer and UC (NCT03523572) are now conducted.

 Treatment for Metastatic Non-urothelial Bladder Cancer

Since the majority of BC is UC and most clinical trials have been conducted for 
patients with UC, there is a lack of evidence regarding treatment options for patients 
with locally advanced or metastatic non-urothelial BC. There are no standardized 
therapeutic options for this population. Therefore, patients with non-urothelial his-
tology are encouraged to get molecular profiling techniques including next- 
generation sequencing and participate in the clinical trials. If there is a lack of trials, 
this population can be treated with GC/GCa, ifosfamide plus paclitaxel plus cispla-
tin, or paclitaxel plus carboplatin plus gemcitabine based on the results of phase 2 
studies in the first-line setting [60–62].
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 Background

 Epidemiology

Upper tract urothelial carcinoma (UTUC) accounts for approximately 10% of all 
urothelial cancers [1, 2]. Renal pelvis tumors are twice as common as ureteral 
tumors, and concomitant carcinoma in situ (CIS) occurs in up to 31% of cases [1]. 
This is usually a disease of the elderly with a mean age around 70 years [1]. Around 
60% of patients present with invasive disease, including 10% with metastatic dis-
ease [1]. Histologically, pure urothelial carcinoma is most common, but variant his-
tological subtypes are observed in up to 25% of cases, with squamous differentiation 
being the most common [3]. Variant histological subtypes are often associated with 
worse prognoses, especially the sarcomatoid, micropapillary, and small cell vari-
ants [3, 4].

Urothelial carcinoma (UC) can affect the entire urothelium and tends to be a 
multifocal disease. Consequently, it is not uncommon for patients to be diagnosed 
with synchronous or metachronous UC of the upper and lower tracts [5]. About 10% 
of patients with history of bladder cancer develop UTUC, whereas up to 50% of 
patients with UTUC subsequently develop bladder cancer [5]. Thus, depending on 
the patient’s risk status, assessment of the entire urothelium may be needed at vari-
ous intervals during the management and surveillance of patients with UC.

 Risk Factors

Tobacco use, aristolochic acid (AA) intake, alcohol consumption, occupational 
exposures (aniline dyes), anti-inflammatory medication (phenacetin), chemothera-
peutics (cyclophosphamide), and genetic disorders are all risk factors for develop-
ing UTUC.

Tobacco use increases the risk of developing UTUC by as much as six-fold, and 
the risk increases with cumulative smoking exposure [6]. In addition, continued 
smoking is associated with worse prognosis in patients with a UTUC diagnosis, and 
smoking cessation can mitigate these adverse outcomes [7].

Aristolochic acid is a substance found in plants that has been attributed to 
advanced renal disease and UTUC. It irreversibly injures the renal cortex, leading to 
extensive interstitial fibrosis and end-stage renal disease [8]. Its exposure can either 
be through environmental contamination of agricultural products by aristolochic 
contaminated plants or ingestion of aristolochic based herbal remedies [8, 9]. The 
former is the likely etiology in cases of Balkan endemic nephropathy, where expo-
sure to the substance occurs through contamination of locally grown wheat, while 
the latter was identified in individuals consuming high doses of AA in a herbal mix 
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used in weight loss clinics [8, 10]. The association with UTUC was suspected in 
early reports of cellular atypia in patients with aristolochic induced nephropathy 
and case reports of patients with aristolochic induced nephropathy who developed 
urothelial cell carcinoma [11, 12]. One later study reported that up to half of patients 
with aristolochic induced nephropathy are subsequently found to have urothelial 
carcinoma [13].

Alcohol consumption has also been linked to UTUC.  In a case-control study, 
alcohol consumption was significantly higher in patients with urothelial carcinoma 
(OR 1.23). Strengthening the causal link, a dose-response was observed with higher 
consumption associated with increasing risk [14].

Exposures to other substances such as analgesics, cyclophosphamide, and arse-
nic have been weakly associated with increased risk of developing UTUC, but 
results have been inconsistent [6, 9, 15–17].

 Genetic Factors

The molecular changes observed in patients with UTUC are similar to those seen in 
bladder cancer [18]. The most common mutations seen in sporadic UTUC include 
alterations in FGFR3, KMT2D, KDM6A, STAG2, cdkN2A, TP53, PIK3CA, and 
TSC1 [19]. Additionally, mutations in the mismatch repair process can be associ-
ated with UTUC in patients with Lynch syndrome and can be present in around 5% 
of patients diagnosed with UTUC [20].

 Lynch Syndrome

Upper tract urothelial carcinoma is the third most common cancer in Lynch syn-
drome [21]. Lynch syndrome is caused by germline mutations in the mismatch 
repair genes MLH1, MSH2, MSH6, or PMS2. Mutations in these genes lead to 
microsatellite errors during replication [22]. These patients are up to 22 times more 
likely to develop UTUC compared to the general population [21]. The Amsterdam 
Criteria I and II can be used to help identify families who are likely to have Lynch 
syndrome [23]. According to the EAU guidelines, the diagnosis of Lynch syndrome 
should be suspected in patients with one or more of the following: (1) metachronous 
Lynch syndrome-related cancer (colorectal, endometrial, ovarian, stomach, small 
intestine), (2) age <65 years with UTUC, (3) first-degree relative with a Lynch- 
related cancer younger than 50 years of age, or (4) two first-degree relatives with 
Lynch syndrome-related cancer [24]. If any of the above is suspected, patients can 
be referred for germline testing and individual/family genetic counseling for follow-
 up and evaluation for other Lynch-related cancers.
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 Diagnosis

Evaluation for UTUC is most often prompted by presenting symptoms. Symptoms 
of UTUC can include microscopic hematuria, gross hematuria, flank pain, or con-
stitutional symptoms in advanced cases [24]. The gold standard cross-sectional 
imaging test is a CT scan with intravenous contrast and delayed images (CT uro-
gram), where the classic finding is a filling defect on delayed imaging (Fig. 20.1). 
CT urogram has high accuracy for diagnosing UTUC, with around 92% sensitivity 
and 95% specificity [25]. In patients who cannot undergo CT imaging, MRI with 
delayed imaging is also an option, though the sensitivity is lower at around 63% [26].

Another critical tool used in the diagnosis, management, and surveillance of 
patients with UTUC is cystoscopy. Assessing the bladder mucosa is important, as 
concomitant bladder cancer is present in up to 30% of patients presenting with 
UTUC [27]. Once the diagnosis of UTUC is suspected, pathological evaluation is 
important in determining management options. Pathologic specimens are obtained 
through either ureteroscopic biopsy or percutaneous biopsy. Ureteroscopy has the 
benefit of allowing direct visualization of the tumors (Fig. 20.2) and multiple tech-
niques for obtaining tissue. These include ureteral brush biopsy, forceps biopsy, or 
basket biopsy [28]. Percutaneous biopsy approaches are typically performed by 
interventional radiology teams using ultrasound or CT-guided approaches. Though 
case reports exist describing possible tumor seeding after biopsy, studies have 
reported extremely low rates of seeding with percutaneous biopsy making this 
approach a good alternative when endoscopic biopsy attempts have failed [29, 30].

Urine tests can also be used in the evaluation of these patients. Urine cytology is 
less sensitive for UTUC than for bladder cancer; however cytology obtained from 
barbotaged urine can have sensitivities over 90% [31]. Fluorescence in situ hybrid-
ization (FISH) analysis is another urine-based biomarker, but the performance is 
suboptimal, with a sensitivity of 50% [32].

Fig. 20.1 CT images of suspected upper tract urothelial carcinoma in the left renal pelvis. Delayed 
images demonstrate filling defect in the renal pelvis suspicious of urothelial carcinoma
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 Enhanced Imaging Modalities

In cases where the suspected area is not clearly visualized, visualization can be 
supplemented with enhanced imaging modalities. These enhanced imaging modali-
ties have demonstrated efficacy in the diagnosis of patients with urothelial cancer of 
the bladder, though there is less data available regarding use in the upper tracts 
[33, 34].

While the use of enhanced ureteroscopy in the upper tracts is not typical, some 
data suggest it may be a useful adjunct. Kata et al. assessed the diagnostic ability of 
blue light ureteroscopy and found that it detected more UTUC tumors than both CT 
urogram and white light ureteroscopy with over 95% of tumors detected on blue 
light [35, 36]. Narrow-band imaging (NBI) has also been evaluated for use in the 
upper tracts and has been shown to improve tumor detection by 23% [37]. While 
these technologies have demonstrated promising results in the detection and local-
ization of UTUC, and especially CIS, their value as it relates to oncologic outcomes 
will need to be verified in the setting of one or more clinical trials.

 Staging

Accurate staging may be difficult, due to limitations in obtaining sufficient samples 
during biopsy; however there are several nomograms that can be used that can help 
one predict the probability of invasive or non-organ confined disease with relatively 
good accuracy [38–40]. Staging is done using the TNM classification for staging 
tumors [41]:

TX Primary tumor cannot be assessed.
T0 No evidence of primary tumor.

Fig. 20.2 Ureteroscopic 
image of papillary tumor in 
the renal pelvis that was 
confirmed to be a 
non-invasive low-grade 
urothelial carcinoma
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Ta: Non-invasive papillary carcinoma
Tis: Carcinoma in situ

T1 Tumor invades subepithelial connective tissue.
T2 Tumor invades muscularis.
T3 Tumor invades beyond muscularis into the periureteric fat (ureter).

Tumor invades beyond muscularis into the peripelvic fat or renal parenchyma 
(renal pelvis).

T4 Tumor invades adjacent organs or through the kidney into perinephric fat.
NX Regional lymph nodes cannot be assessed.
N0 No regional lymph node metastasis.
N1 Metastasis in a single lymph node 2 cm or less in greatest dimension.
N2  Metastasis in a single lymph node 2 cm or greater in greatest dimension or 

multiple lymph nodes.
M0 No distant metastasis.
M1 Distant metastasis.

 Prognosis

There are several factors that have been found to be prognostic in the management 
of patients with UTUC.  In general, prognostic factors can be grouped into three 
categories: pre-operative/clinical factors, surgical/pathologic factors, and molecular 
markers [42].

 Pre-operative Factors

Certain demographic factors and overall patient health have been found to be prog-
nostic factors for UTUC. Age has been identified as an independent predictor of 
worse cancer-specific survival (CSS) and overall survival (OS) in patients with 
UTUC in retrospective studies [38]. In addition, elderly patients have been found to 
present with more aggressive disease [38, 42]. With regard to ethnicity, some data 
has suggested poorer survival outcomes in persons of color [1]. Other patient-level 
factors include poor performance status [39], obesity [43], and tobacco use [7, 
40, 44].

There are several disease-specific factors that affect survival as well. Ureteral 
tumor location and multifocal tumors have been described as factors associated with 
worse prognosis in retrospective studies [45, 46]. However, studies have been incon-
sistent with regard to the effect of tumor location on survival outcomes [43]. High 
tumor stage is a known factor associated with worse outcomes in patients with 
UTUC, but there are limitations in predicting tumor stage prior to surgery. As dis-
cussed previously, several nomograms aim to decrease this limitation by using 

K. M. Olson et al.



449

histological and radiological factors to predict invasive disease [47, 48]. With surgi-
cal timing, delay to definitive radical nephroureterectomy (RNU)  >3  months in 
patients with high-risk disease has been associated with more aggressive pathologi-
cal features and worse recurrence-free survival (RFS) and CSS in some studies, 
though these results have not been consistent [49–51]. Other factors that have been 
associated with worse oncological outcomes include pre-operative hydronephrosis 
[52], higher American Society of Anesthesiologist score [53], and previous/syn-
chronous bladder cancer [54].

 Surgical/Post-operative Factors

Pathological tumor stage is an important factor for the prognosis of patients with 
UTUC. Based on several studies, tumor stage has been found to be a significant 
factor associated with oncological outcomes, with a steep reduction in survival 
with advanced tumor stage. For instance, examples of 5-year CSS rates for pTa/
pT1, pT2, pT3, and pT4 disease are >90%, 70–80%, 50–55%, and 0–35% [45, 
55–58]. Tumor grade is also an established factor associated with survival, where 
high-grade disease is significantly associated with worse outcomes compared to 
low-grade disease [58]. Lymph node involvement is an important factor associated 
with worse RFS and CSS [55, 56] with lymph node-positive patients demonstrating 
significantly worse 5-year RFS and CSS, compared to patients with no evidence of 
lymph node involvement (29.0% vs 73.4% and 35.3% vs. 77.3%, respectively) 
[58]. Lymphovascular invasion is found in approximately 20% of patients after 
RNU and is associated with a greater risk of mortality and recurrence [59]. Another 
operative outcome that has important prognostic implications is the status of the 
soft tissue surgical margin at the time of RNU. In a multicenter review, a positive 
margin was associated with worse metastasis-free survival and CSS [60]. Other 
factors that have been associated with worse oncological outcomes include sessile 
tumor growth  [61], larger tumor size [62], tumor multifocality [56], and tumor 
necrosis [63].

 Molecular Markers

The prognostic role of multiple biomarkers has been investigated in UTUC. However, 
the rarity of the disease limits definitive conclusions related to these biomarkers. 
Examples of the types of markers include cell adhesion molecules (E-Cadherin, 
Beta-Catenin, Parvin-Beta, CD24), markers associated with microsatellite instabil-
ity, cell differentiation (Uroplakin III), angiogenesis (HIF-1 alpha), cell cycle regu-
lation (p53), cell proliferation (Ki-67, EGFR), apoptosis (Bcl-2), vascular invasion, 
PD-1 pathway, and inflammatory cells (C-reactive protein, leukocytes) [42].
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 Management

The management of patients with localized UTUC is typically dictated by the 
patient’s tumor risk status as well as the patient’s comorbidities. Risk stratification 
into low- or high-risk groups can typically be determined by the tumor’s histologi-
cal and radiographic appearance [24]. Some studies and guidelines have suggested 
risk stratification as follows [24, 64]:

• High-risk
 – Hydronephrosis
 – Tumor >2 cm
 – High-grade cytology
 – Multifocal
 – Prior radical cystectomy for high-grade disease
 – Variant histology

• Low-risk
 – Unifocal
 – Tumor <2 cm
 – Low-grade cytology
 – Low-grade biopsy
 – Non-invasive on imaging

Management of localized UTUC can be split into two categories: kidney-sparing 
approaches and radical surgery. Low-risk patients are typically better suited for 
kidney-sparing techniques which include endoscopic procedures, percutaneous 
tumor resection, segmental ureteral resection, and intracavitary chemotherapy 
instillation.

 Endoscopic Management

Endoscopic procedures including ureteroscopy with tumor ablation, fulguration, or 
resection are commonly used for both diagnostic and therapeutic purposes in 
patients with UTUC. Multiple studies have demonstrated the efficacy of endoscopic 
management, but most are limited by a retrospective and single-institutional design. 
In one study with a median follow-up of 54 months, 68% of patients had disease 
recurrence, and 19% eventually proceeded with RNU [65]. Fortunately, the vast 
majority of these recurrences (approximately 75%) can be retreated endoscopically 
using close surveillance strategies [66]. Therefore, appropriately selected patients 
with UTUC can be managed with endoscopic surgery, but recurrences often occur 
and about one-third of patients may be at risk for progression and eventually need 
radical nephroureterectomy.
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 A Special Note on Ureteroscopy

When ureteroscopy is planned as the management option in a patient with UTUC, 
there are a few key points to consider. The location of the tumor will dictate what 
kind of ureteroscope is used (i.e., flexible or semirigid). We prefer to start assess-
ments by first placing a safety wire into the collecting system. If a small tumor is 
anticipated, a flexible ureteroscope can be advanced under fluoroscopic guidance 
over the wire to the area of disease taking care to ensure that the entire collecting 
system and ureter are inspected at some point during the case. The morphology and 
size of the tumor dictate the appropriate treatment option once the tumor is visual-
ized. For tumors that appear papillary and on a stalk, a ureteroscopic biopsy forceps 
or stone basket can be used to remove the tumor. The remaining tumor burden 
should be ablated with holmium:YAG, neodymium:YAG, thulium laser ablation, or 
Bugbee fulguration. If a semirigid ureteroscope is used for a ureteral tumor, a ure-
teroscopic resectoscope can be used [67, 68]. This is helpful in cases with flat 
tumors or when the above options are not adequate for sampling. After completion 
of the treatment, a ureteral stent should be considered in cases of extensive manipu-
lation, resection, or injury to the collecting system.

 Percutaneous Surgery

When tumors are too large to be managed by ureteroscopy and renal preservation is 
desired, a percutaneous approach can be considered. Percutaneous access is obtained 
in standard fashion prior to the surgery or at the time of surgery by ultrasound or 
fluoroscopic approach. The percutaneous tract is then dilated to 30 Fr using balloon 
dilation system. Next, a rigid nephroscope is placed through sheath and used to 
identify and remove the tumor using a cold cup forceps [28]. If needed, a resecto-
scope can be used to resect and fulgurate the base of the tumor. Additional small 
tumors may occur throughout the collecting system and can be managed using a 
flexible nephroscope and ablative techniques. A second-look nephroscopy is often 
done a few days after the index surgery to ensure all tumor has been treated [28]. An 
8–14 Fr nephrostomy tube or a ureteral stent can be left in place at the conclusion 
of the surgery at the surgeon’s discretion.

 Segmental Ureteral Resection

When there is a large ureteral tumor burden that cannot be addressed endoscopically 
and/or renal preservation is imperative, segmental ureteral resection can be consid-
ered. In terms of efficacy of this approach, a population-based study found that 
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5-year cancer-specific mortality rates were similar between the RNU and segmental 
ureteral resection and this was not conditionally changed on multivariable analysis 
[69]. However, not unexpectedly, there are some data to suggest that this approach 
is associated with higher risk of recurrence. This is clearly due, at least in part, to the 
risk of metachronous recurrences in urothelium which is otherwise removed with 
RNU. In a systematic review and meta-analysis of 4797 total patients, segmental 
ureterectomy was associated with a shorter 5-year RFS despite presenting with 
lower stages and grades [70]. Thus, segmental resection is likely associated with a 
greater risk of recurrence compared to radical surgery, especially in patients with 
high-risk features.

 Intracavitary Instillation

 Adjuvant Therapy

UTUC has the propensity to recur, and studies have investigated methods to reduce 
the risk of recurrence, with similar goals as the methods used in bladder cancer. 
Intravesical adjuvant instillation with either chemotherapy or BCG is effective in 
reducing the risk of recurrence in patients with non-muscle-invasive bladder cancer 
[71]. Similar concepts have been investigated in UTUC with inconsistent results. 
However, the data are mostly from nonrandomized retrospective comparisons 
which are heavily biased toward the null due to confounding by indication [58, 72, 
73]. Therefore, it is unclear what the true benefit of topical therapy is in the adju-
vant setting.

 Primary Ablative Therapy

 MitoGel

For select cases when surgical resection is not an option, topical therapy can be 
considered as a primary ablative option. A recently published open-label, single- 
arm, phase 3 trial evaluated the safety and efficacy of a mitomycin-containing 
reverse thermal gel as a primary chemoablative agent for low-grade tumors. 
Seventy-one patients received at least one dose via retrograde stent (4  mg/mL, 
dosed according to volume in patient’s collecting system). Fifty-nine percent of 
these patients achieved a complete response on ureteroscopy at 3 months, and 70% 
showed durability at 12 months. This treatment was associated with some adverse 
effects including ureteral stenosis in 44% of patients [74]. Chemoablative therapy 
can be considered in patients with low-grade, large volume UTUC above the ure-
teropelvic junction where endoscopic management may be difficult and/or in those 
with significant comorbidities who cannot tolerate a major operation.
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 Radical Surgery

Radical nephroureterectomy remains the treatment of choice for many patients with 
UTUC. It is most often used in cases of patients with high-grade disease, indepen-
dent of location, but is also used for those with low-grade tumors with high-risk 
features.

 Low-Grade Disease

Radical nephroureterectomy is indicated as first-line treatment in patients with low- 
grade tumors with high-risk characteristics. These include hydronephrosis, size 
greater than 2  cm, multifocality, prior radical cystectomy for bladder cancer, or 
variant histology [75, 76]. These factors increase the risk of higher stage at time of 
surgery and need for more aggressive initial treatment for oncological safety. 
Recurrence-free survival and cancer-specific survival in patients with low-grade 
disease undergoing RNU are 88.3% and 89.1% at 5 years, respectively [58]. In addi-
tion, those with early recurrence despite adequate kidney sparing therapy may ben-
efit from subsequent radical RNU.  Those patients who fail initial endoscopic 
management and proceed to have RNU have similar 5-year OS compared to those 
who had immediate RNU (64% vs. 59%, respectively), and 43% had progression to, 
or occult, high-grade disease [72]. Additionally, RNU may be most appropriate for 
patients who are unable to have close follow-up [75, 76].

 High-Grade Disease

The primary role of RNU is in those with localized high-grade disease. Margulis 
et al. showed a RFS and CSS for those with high-grade disease to be 57.2% and 
63.1% at 5 years, respectively [58]. Patients found to have pT3 disease at time of 
RNU had a RFS of 48.0% and CSS of 54.0% at 5 years [58]. Those with pT4 had a 
RFS and CSS probability after RNU of 4.7% and 12.2% at 5 years, respectively [58].

 Pre-operative Considerations

Preparing a patient to undergo RNU requires careful planning and patient educa-
tion. Prompt surgery after diagnosis is important to avoid disease progression due to 
delays in treatment. We hesitate to argue for a definitive timepoint during which 
surgery should be performed since the predicted risk of metastatic disease increases 
with each day, but the general rule from the literature is that surgery should be 
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performed within 12 weeks [50, 51, 72, 73, 77]. However, it is not likely that sur-
gery at 11 weeks is substantially different in terms of risk than surgery at 13 weeks, 
and, in general, we advocate for surgery as soon as possible since delayed surgery 
is associated with decreased OS [73, 77].

Patients should have pre-operative evaluation with their primary care doctor for 
clearance and medical optimization. Patients who are actively smoking at time of 
diagnosis should be counseled on risks, and tobacco cessation should be encour-
aged. Tobacco use not only increases the risk for recurrence and mortality after 
RNU but is also associated with poor healing and risk of blood clot [7, 78]. 
Nutritional status should be optimized, diabetic sugar control evaluated, and obese 
patients encouraged to lose weight prior to surgery. Other important comorbidities 
that may contribute to anesthetic risks or post-operative recovery should be appro-
priately evaluated and treated prior to undergoing surgery.

Antimicrobial prophylaxis is recommended in patients undergoing renal sur-
gery, and we typically use a single dose of a second-generation cephalosporin prior 
to incision. Urinalysis and culture prior to surgery and evaluation of prior positive 
cultures can aid in antibiotic selection. Any positive culture must be treated prior to 
surgery.

All patients undergoing RNU should be counseled on risk of dialysis. There is 
low risk of progression to dialysis in those patients with normally functioning kid-
neys and overall good health. However, loss of nephrons and chemotherapy may 
lead to chronic kidney disease (CKD) in even the healthiest of patients. Patients 
with GFR <60 mL/min, solitary functioning kidney, or proteinuria are referred to 
nephrology prior to surgery in our practice [79].

Pre-operative planning also requires evaluation of bloodwork and review of 
imaging. Complete blood count and basic metabolic panel should be obtained prior 
to surgery. A type and screen should be performed on all patients, and blood prod-
ucts should be prepared prior to start of surgery for certain cases. Pre-operative 
review of abdominal imaging is essential to identify number of ureters, arteries, and 
veins and prepare for any aberrant anatomy. Staging studies of the chest prior to 
surgery are critical as well.

 Surgical Technique

 Outcome Comparison for RNU Technique

Choosing a method for RNU depends on the surgeon’s comfort with the approach 
and patient characteristics. Current techniques include open, laparoscopic, and 
robot-assisted techniques. Whether open or minimally invasive, adherence to basic 
oncologic principles is paramount to decrease recurrence rates. Strict avoidance of 
entry into the urinary tract during dissection and complete ureteral resection is 
essential. Contact between tumor and instruments should be avoided, and the speci-
men must be removed en bloc using a protective system such as endobag to prevent 
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tumor spillage or seeding [80]. Removal of the entire tumor with a clear margin is 
essential, as a positive surgical margin is a poor prognostic factor after RNU. The 
5-year CSS and metastasis-free survival in patients with positive surgical margin 
compared to those with negative margin were shown to be 59.1% vs. 83.3% and 
51.6% vs. 79.3%, respectively [81].

With the advent of minimally invasive surgery and increasing use of robotics in 
surgery, several groups have compared oncologic outcome and surgical outcomes 
based on surgical approach. While the quality of evidence varies, the results of 
these studies showed that RFS, CSS, OS, and bladder specific recurrence do not 
significantly differ based on open, laparoscopic, or robotic approach [82–87]. 
Walton et al. showed comparable outcomes between open and laparoscopic RNU; 
however, the laparoscopic RNU group had fewer node-positive patients compared 
to the open RNU group (2.9% vs. 6.8%, p = 0.041) [83]. One limitation of these 
studies is possible selection bias with physicians choosing laparoscopic approach 
for those with expected N0 disease or smaller tumors. When looking specifically 
at locally advanced disease (pT3/pT4), data is conflicting [88]. Ariane et  al. 
showed 5-year RFS and CSS in pT3/pT4 patients who had laparoscopic RNU 
were comparable to open RNU [85]. Conversely, one of the few randomized pro-
spective studies showed a significant difference in metastasis-free survival and 
CSS between open and laparoscopic RNU [89]. A total of 80 patients were ran-
domized to either open or laparoscopic RNU, and, in patients with high-grade or 
pT3 disease, significantly better oncologic outcomes were seen in the open RNU 
group [89]. There is less available literature on comparison of robotic RNU to 
other approaches, but data suggest equivalent oncologic outcomes [86, 87, 90]. 
However, robotic RNU is associated with higher frequency of concurrent lymph 
node dissection when compared to laparoscopic RNU and fewer positive surgical 
margins when compared to open RNU [87]. Robotic-assisted RNU may become 
the surgical technique of choice with increasing access to robotic systems and 
training in residency as it does not seem to compromise oncologic control for most 
patients and enables lymphadenectomy compared to laparoscopic approaches. A 
final concern unique to minimally invasive approaches is trocar site or peritoneal 
seeding from pneumoperitoneum used for visualization. A few studies have 
reported rare retroperitoneal and trocar site tumor deposition after laparoscopic 
surgery, but departures from sound oncologic surgical principles were the likely 
cause in these cases [91, 92].

Minimally invasive and open RNU differs slightly in terms of peri-operative fac-
tors but has similar rates of complications. Blood loss appears to be higher in open 
RNU and surgical time longer in minimally invasive RNU [84, 85]. Time to dis-
charge is significantly lower in laparoscopic or robotic RNU compared to open 
RNU, but robotic RNU is associated with the highest in-hospital costs [86, 89]. 
Post-operative complication rate after RNU is about 15%, and incidence does not 
differ based on operative approach [85]. Complications observed include wound 
infections, post-operative bleeding, ileus, incisional hernia, and pneumothorax [84]. 
The majority of complications (8.9%) observed were Clavien I and II, and a total of 
4.3% of patients had Clavien III or higher complications [85].
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 Bladder Cuff Resection

Approach to bladder cuff management is as varied as the approach to RNU. Oncologic 
surgical principles again are key to prevent tumor spillage and ensure good out-
comes. Due to the vast number of approaches to bladder cuff management, the goals 
in this section will be to review those most frequently used. Depending on the tech-
nique planned, the ureter is typically clipped as distally as possible during the 
nephrectomy portion to prevent tumor spillage. In some cases, applying two clips 
and using electrocautery to transect the ureter between clips can be used. Cautery is 
thought to destroy any tumor cells at the site of transection and prevent tumor spill-
age. For large distal tumors that involve the ureteral orifice or protrude into the 
bladder, larger bladder cuff, en bloc partial, or radical cystectomy may be required 
to achieve an appropriate oncologic resection.

 Endoscopic

There are multiple endoscopic approaches to bladder cuff management including 
the “pluck” technique and the intussusception technique as well as variations upon 
these techniques [93]. The “pluck” technique or transurethral resection of ureteral 
orifice should only be performed in the absence of bladder tumors and can be used 
for patients with proximal UTUC [94]. For all endoscopic techniques, the patient 
should be placed in dorsal lithotomy position. A resectoscope is inserted, and the 
bladder inspected to ensure intravesical absence of areas suspicious for tumor prior 
to initiating resection. The ureteral orifice on the ipsilateral side of disease is identi-
fied and resected aggressively with Collins knife through the intramural tunnel until 
fat is visualized. The patient is then repositioned for the nephrectomy portion, and 
once the ureter is dissected more proximally, it is able to be “plucked” as the distal 
dissection has already been performed. While this is not our preferred technique, 
operative time is reported to be the principal advantage of this technique compared 
to other bladder cuff techniques [95].

Another commonly described endoscopic technique is the intussusception tech-
nique. This is only indicated for tumors of the renal pelvis as it requires division of 
the ureter. A ureteral catheter is placed within the ureter, and, after dissection of the 
ureter and completion of the nephrectomy, two ties are placed around the distal 
ureter and the ureter is divided between. A resectoscope is then inserted and using a 
Collins knife, the bladder cuff incision is made. After the incision is made, the ure-
teral catheter is pulled into the bladder to allow for the ureter to intussuscept into the 
bladder and catheter, and specimens are then removed through the urethra. This 
approach is associated with an 18.7% failure rate for complete ureteral removal, and 
15.6% of patients required a second incision for ureteral excision [96].
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 Open Technique

The open technique for bladder cuff resection can be used with either open or mini-
mally invasive approaches for the nephrectomy portion of the surgery. The principal 
rationale for this technique in minimally invasive cohorts is that an open incision is 
going to be required for extraction anyhow. If a midline laparotomy or thoracoab-
dominal incision is not used, a second incision such as a Pfannenstiel, Gibson, or 
low midline incision can be used to access the bladder and ureter. After making the 
incision and bluntly dissecting the space of Retzius, the distal ureter is identified at 
the location where it crosses over the common iliac artery. Previously placed ure-
teral clips should be located after dissecting peritoneum off the ureter and vessels 
and mobilizing the ureter. The ureter is then dissected toward the intramural tunnel, 
ligating the superficial pedicle of the bladder to allow for better visualization and 
access to the intramural tunnel. If performing a completely extravesical approach, 
the ureter is dissected away from the detrusor muscle through the intramural tunnel 
until there appears to be a circumferential area of bladder mucosa surrounding the 
ureter. The bladder must be completely drained prior to resecting the bladder cuff. 
It is helpful to apply a stay stitch at one end of the planned cystotomy to prevent 
tissue from retracting. We have also found that placing Shallcross or other clamp 
across the planned bladder cuff and dividing on the bladder side of the clamp pre-
vent tumor spillage and aid in manipulation of the tissues. Prior to division of the 
bladder cuff, it is important to ensure the contralateral ureteral orifice will not be 
resected. For a transvesical technique, the bladder is drained after dissection of dis-
tal ureter and anterior cystotomy made. The ipsilateral ureteral orifice is identified 
and dissected with a 1 cm bladder mucosal margin around the orifice. All cystoto-
mies are then closed in a two-layer fashion using absorbable suture.

 Laparoscopic Technique

Pure laparoscopic management of bladder cuff can be approached transvesically or 
via endoscopic stapler, though neither of these are our preferred technique. The 
transvesical technique is a minimally invasive approach that mimics the en bloc 
resection principles of open bladder cuff management [97]. The patient is first 
placed in lithotomy and bladder distended after inserting cystoscope. One to two 
5 mm ports are placed into the bladder under direct visualization. The ureteral ori-
fice is controlled by passing an endoloop around the opening. A ureteral catheter is 
then passed into the ureter to identify the intramural portion and ensure adequate 
bladder cuff excision. A Collins knife is typically used to incise the bladder cuff 
until adipose tissue is seen ensuring entry into the extravesical space. The orifice is 
then grasped with laparoscopic instrument and retracted into the bladder so the 
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endoloop can be passed more proximally along the ureter. The ureteral catheter is 
then removed and endoloop tightened to prevent tumor spillage. This is a techni-
cally difficult option, and history of prior pelvic radiation or concurrent UCC of the 
bladder is a contraindication to this approach [98].

The laparoscopic stapling technique is used by many physicians due to the 
decreased operative time and avoidance of urinary tract entry. Prior to the laparo-
scopic portion of the case, cystoscopy is used to cauterize the ipsilateral ureteral 
orifice. Once the patient is repositioned and laparoscopic ports placed, the nephrec-
tomy is performed prior to dissection of the distal ureter. The ureter is then dissected 
to intramural tunnel, ligating the lateral pedicle as needed. The detrusor is dissected 
off the ureter by applying traction to the ureter. Once dissection is completed, the 
ureter should be retracted as much as possible without avulsing the ureter with 
hopes of retracting a rim of bladder mucosa through the dissected intramural tunnel. 
The endovascular stapler is then placed as distally as possible. Some downsides of 
using this technique include incomplete pathologic evaluation of the bladder cuff 
and distal margin due to staples and high risk of incomplete bladder cuff and distal 
ureteral resection [99]. Using stapling device also poses the theoretical risk of stone 
encrustation of the staple line. A recent study by Tsivian et al. reported data on a 
variation of the laparoscopic technique in which a LigaSure device is used rather 
than stapler to avoid this issue [100].

 Robotic Technique

Robotic RNU and bladder cuff excision have been increasing in popularity due to 
access to robotic equipment and increased robotic surgical training. While some 
studies report the transvesical technique with second cystotomy used to intravesi-
cally dissect the intramural ureter, most studies report use of an extravesical tech-
nique which is our preferred approach [101]. Patients are placed in a supine position 
with the arms tucked and the table flexed and rotated. This permits a side-docking 
approach and easy rotation of the boom when using the Da Vinci XI system. Ports 
can be placed in the traditional RNU template when planning on single docking 
(RNU and bladder cuff performed without repositioning the robot – though we do 
not hesitate to re-dock when exposure is suboptimal). For this technique, 8  mm 
ports are placed in a row after catheter insertion and bladder decompression 
(Fig. 20.3). The most superior port is placed about 2 fingerbreadths below the costal 
margin at the mid-clavicular line. As the more inferior ports are placed, each should 
be placed slightly more medially than the previous port to allow for bladder cuff 
dissection. If robotic stapler is planned to be used on the hilar structures, the larger 
12 mm robotic port is often placed just left of the camera port to accommodate size 
of stapler. Inner cannula can be used to accommodate smaller instruments when 
stapler is not on the field. Assistant ports are placed along midline with 10–12 mm 
port just above the umbilicus and 5 mm port about 1 handbreadth superior to this. 
Adjustments may be needed depending upon patient size to avoid arm collisions. 
Other techniques have described success with assistant port placement in line with 
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robotic trocars [102]. The single docking is beneficial in that it does not require 
reposition or more port placement, but this port positioning can make bladder cuff 
dissection more difficult, especially with the older Davinci Si models. A double 
docking technique, conversely, does require robotic repositioning and increased 
number of ports but improves bladder access and visualization. With the advent of 
the Da Vinci XI, the rotation of the boom is a very efficient process and can enable 
better triangulation in the pelvis when performing the distal ureteral dissection. For 
a right-sided RNU, the camera port is placed just above the level of the umbilicus 
with two robotic ports placed to the left of the camera about one handbreadth apart 
and one robotic port to the right of the camera (Fig.  20.3). These should all be 
placed close to the level of the umbilicus. Assistant ports are placed on the patient’s 
right. This set up is mirrored for left-sided nephroureterectomies.

No matter the port placement, the dissection and bladder cuff management are 
the same. After ports are placed, the ureter is identified as it crosses the common 
iliac and is dissected distally, ligating the lateral pedicle to the bladder for visualiza-
tion. It is helpful to use the fourth arm to retract the bladder to the contralateral side 
for better visualization (Fig. 20.4). Once the intramural tunnel is identified, a clip is 
placed as distally as possible on the ureter to prevent tumor spillage during the sub-
sequent dissection. The ureter is then placed on traction, and the detrusor is dis-
sected off until a rim of bladder mucosa is seen clearly around the ureter. At this 
point, an absorbable stitch is placed at the superior aspect of the planned bladder 
cuff and tied. The bladder is drained via catheter. The fourth arm can be helpful in 
either retracting the bladder or retracting the suture upward. Bladder cuff incision is 
then initiated using robotic scissors and electrocautery as needed. After opening the 
incision partially, it can be helpful to close the cystotomy using the previously 
placed suture while visualization is optimal. In addition, the contralateral ureteral 
orifice can be identified through the cystotomy to prevent injury. Bladder cuff exci-
sion is completed alternating between incision and closure until the ureter is com-
pletely dissected free. The cystotomy is then closed in a second layer using 
absorbable suture. After this, a second set of robotic ports can be placed if using the 
double docking technique, and the surgeon will proceed with the nephrectomy por-
tion of the procedure.

 Outcome Comparison

At present, there is no clearly superior bladder cuff technique from an oncologic 
perspective [93]. Data on bladder cuff recurrence vary based on the study and are 
likely dependent on operator skill and comfort level with the technique, disease 
characteristics, and length of follow-up. Current research suggests that recurrence 
within the bladder, which typically presents within the first 3–4 years after surgery, 
occurs in 21–40% of patients after RNU but is seen more frequently (30–64%) in 
patients with incomplete ureteral or bladder cuff excisions [103–106]. Therefore, 
complete resection is likely more important than the specific technique. There is 
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some consensus, however, with multiple studies showing increased risk of bladder 
cuff recurrence in patients undergoing laparoscopic or endoscopic approaches [107, 
108]. Endoscopic approaches, in particular, have fallen out of favor due to concerns 
regarding inadequate distal ureteral resection, prolonged exposure of the bladder to 
ureteral mucosa in the case of the intussusception technique, and seeding of the 
extravesical space [94, 96, 98, 105, 109, 110].

Camera port

Camera port

Fig. 20.3 Robotic port 
placement for 
nephroureterectomy. 
Dotted line indicates 
mid-clavicular line. 
Circular ports are robotic 
port sites, square ports are 
5 mm ports, and triangular 
ports are 12 or 15 mm 
ports. The top image 
depicts port placement for 
single docking approach. 
Image depicts port 
placement for bladder cuff
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There is minimal data on the robotic bladder cuff approach with regard to blad-
der recurrences and oncologic outcomes. However, early studies report comparable 
OS and CSS as well as intravesical recurrence [86]. Looking at retroperitoneal 
recurrence and distant metastases, there appears to be no difference between the 
endoscopic and open techniques [111]. In addition, RFS and CSS do not appear to 
differ between open and endoscopic bladder cuff techniques [95]. Another factor to 
evaluate when comparing oncologic outcomes and prognosis based on distal blad-
der cuff management is positive margin rate [112]. A comparison of current bladder 
cuff literature by Phe et al. showed that the highest reported positive margin rates 
were for the laparoscopic stapling technique with rates as high as 25% [112]. As 
previously discussed, positive margins are a predictor for poor prognosis, suggest-
ing that the laparoscopic technique is possibly inferior. Therefore, while there is no 
clear data to suggest a superior technique, laparoscopic stapling and endoscopic 
techniques should be used with caution due to higher rates of bladder recurrences 
and positive surgical margins. The open technique has not consistently been shown 
to be superior, but due to the need for extraction site incision for the kidney, this 
technique may provide the highest level of oncologic control with the lowest 

a b

c d

Fig. 20.4 Robotic extravesical bladder cuff technique – (a) initial dissection of distal ureter and 
landmark anatomy. (b) Ureter is placed on traction to facilitate dissection of detrusor off the intra-
mural tunnel. (c) Prior to incising the bladder, stitch is placed at the superior extent of the cystot-
omy to prevent retraction of the mucosa after incision is made. The fourth arm is placed on the 
bladder for better visualization. (d) View of cystotomy after a single layer of closure
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learning curve and without subjecting the patient to excess incisions, prolonged 
operative time, or repositioning.

 Post-operative Care

Post-operative care for patients status post RNU follows typical renal surgery path-
ways. Patients who underwent flank incision or other open surgery approach may 
require a longer duration of pain control measures. Pain management should be 
multi-modal including acetaminophen, opioids, muscle relaxants, or other adjunct 
measures such as topical thermal therapy or abdominal binder. A multi-modal 
approach allows for decreased use of opioids and earlier mobility. In some cases, 
epidural or patient-controlled analgesia may be necessary.

Diet and activity should be initiated early. Clear liquids on the day of surgery 
with progression to solids as tolerated are the typical diet progression for patients 
regardless of operative approach. Patients should be encouraged to ambulate the day 
after surgery. Early ambulation and normal diet can lead to earlier discharge and 
improved recovery.

Thromboembolic and respiratory prophylaxis is essential for a successful recov-
ery. Sequential compression devices or thromboembolic deterrent stockings (TED) 
are recommended post-operatively to avoid venous thromboembolic (VTE) events. 
Patients at higher risk for VTE should be placed on pharmacologic prophylaxis such 
a subcutaneous heparin in combination with mechanical prophylaxis measures. 
Early activity is also protective against VTE. Patients who undergo laparoscopic or 
open surgeries will often take shallow inspirations due to pain and may have 
decreased respirations secondary to opioid use. Deep breathing and use of incentive 
spirometer are recommended to prevent atelectasis and respiratory infection.

Catheter management is partially dependent on bladder cuff approach and con-
cerns for urine leak post-operatively. Jackson-Pratt drain is useful when placed 
intraoperatively to monitor for urine leak and fluid output. It is our practice to test 
drain creatinine the morning of post-operative day 1. If body fluid creatinine of the 
drain is normal, the drain is removed, and the catheter is removed the following 
week. A cystogram is often performed prior to catheter removal to ensure watertight 
bladder cuff closure and adequate healing prior to catheter removal. Patients with 
normal body fluid creatinine at time of discharge may not require a cystogram prior 
to catheter removal. Cystogram showing extravasation from bladder cuff indicates 
need of a longer course of drainage with the catheter and serial cystograms prior to 
removal. In patients with elevated drain creatinine at the time of discharge, longer 
drain course and monitoring of drain output are essential. Once drain output 
decreases and body fluid creatinine is consistent with serum, the drain can be safely 
removed, and cystogram performed. Providers should have high suspicion for urine 
leak in those patients with failure to progress or those who present with ileus even 
in presence of previously normal body fluid creatinine.
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 Lymph Node Dissection

 Curative and Diagnostic Role

Lymph node dissection (LND) should be performed at the time of RNU in high-
risk tumors. Regional lymph nodes are the most common metastatic site for 
UTUC, and up to 30% of patients with muscle invasive UTUC will present with 
positive lymph nodes at the time of surgery [113, 114]. Lymph node dissection for 
invasive urothelial carcinoma of the bladder is routinely performed as it may pro-
vide survival and prognostic benefit [115, 116]. For UTUC, however, it is unclear 
as to whether lymph node dissection is curative. Conclusions on the curative role 
of LND in UTUC are limited due to small study population, lack of well-defined 
patient selection criteria, lack of standardized LND template, and retrospective 
nature of studies. In one prospective study using standardized LND templates 
based on tumor location, patients who underwent LND for renal pelvis cancers 
pT2 or higher had significantly greater OS and CSS compared to those who did 
not undergo lymphadenectomy (OS 86.1% vs. 48.0%, CSS 89.8% vs. 51.7%) 
[117]. No survival improvement was seen in tumors localized to the ureter [117]. 
A large retrospective review of >2800 patients showed that there was no survival 
difference in patients who had pN0 compared to pNX disease [118]. This study is 
limited due to lack of standardized templates, retrospective nature, and possible 
selection bias of physicians choosing not to perform LND on low-risk patients. 
Multiple studies have shown that patients with muscle-invasive disease who were 
pN0 had significantly improved survival compared to those who were pNX [119, 
120]. In the ≥pT2 population, 5-year disease- free survival and CSS in those who 
underwent LND compared to those who did not were 64% vs. 37% and 67% vs. 
40%, respectively [121]. Therefore, the curative benefit of LND appears to be 
greatest in patients with muscle-invasive disease and those with enlarged nodes 
on imaging.

Lymph node dissection for UTUC is an excellent prognostic tool and helps to 
identify patients who would benefit from adjuvant systemic therapy since positive 
lymph nodes and extranodal extension are predictive of decreased survival [122–
124]. Patients with pathologically node-positive disease, regardless of grade, had 
RFS and CSS rates of 29.0% and 35.3% at 5 years, respectively [58]. Those who 
have not undergone neoadjuvant chemotherapy with extranodal extension have 
been shown to have significantly higher disease recurrence (HR 2.0, 95% CI 
1.44–2.78) and significantly higher cancer-specific mortality (HR 1.97, 95% CI 
1.38–2.81) compared to those with positive lymph nodes without extranodal exten-
sion [122]. Therefore, extranodal extension appears to be a more powerful predictor 
of recurrence and poor survival compared to the number of positive nodes alone. 
Lymph node density has also been thought to be a prognostic factor with those 
patients having a lymph node density >30% having poorer outcomes [125]. Recent 
studies have failed to reproduce this finding [122].
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 Template

One of the main issues with current lymph node dissection research is lack of a 
standardized template. Fajkovic et  al. showed that the median number of lymph 
nodes removed in regional lymphadenectomy is four and that there is no prognostic 
value to the number of nodes removed or number of positive nodes [122]. However, 
other studies have shown that the number of nodes removed does matter. For 
instance, to achieve a 75% probability of finding one or more positive lymph node, 
at least eight lymph nodes must be removed [126]. However, if the appropriate tem-
plate is used, fewer number of nodes may be needed in the dissection for diagnostic 
and curative resection.

Regional template largely depends on location of tumor. In a study by Kondo 
et al., sites of tumor deposition via lymphatic spread are well defined (Table 20.1) 
[127]. Regional template based on this lymphatic spread should include ipsilateral 
hilar and adjacent paraaortic or paracaval nodes, for pelvic or proximal ureteral 
tumors, and should include pelvic nodes, for distal ureteral tumors [120, 127–134]. 
Extended templates are shown in Fig. 20.5 [117]. This differs from the regional 
template in the following ways: (1) renal pelvis tumor LND inferior boundary at the 
IMA, (2) addition of retrocaval nodes for right sided renal pelvis tumors, (3) addi-
tion of retrocaval nodes for upper 2/3 ureteral mass, and (4) inferior boundary of 
aortic bifurcation for upper 2/3 ureteral masses.

 Complications

Complications of LND are often related to uncontrolled lymphatic drainage. 
Comparison between patients who had lymph node dissection at time of RNU com-
pared to RNU alone showed higher incidence of lymphorrhea, chyle fistula, and 
thigh numbness [117]. The incidence of all grade complications is not increased by 
addition of LND at time of RNU [117].

Table 20.1 Primary site of lymph node metastases based on tumor location

Tumor location within 
ureter

Primary landing zone:
Right ureter

Primary landing zone:
Left ureter

Renal pelvis Renal hilum, paracaval, retrocaval Renal hilum, paraaortic
Upper 2/3 ureter Renal hilum, retrocaval, 

inter-aortocaval
Renal hilum, paraaortic

Lower ureter Inferior to aortic bifurcation Inferior to aortic 
bifurcation

Based on data from Kondo et al. [127]
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 Intravesical Therapy After Radical Nephroureterectomy

Patients with UTUC are high risk for recurrence within the bladder. Current research 
suggests recurrence within the bladder occurs in 21–40% of patients after RNU 
[103–106]. Therapies to avoid recurrence are highly sought after to avoid further 
surgeries, decrease risk for upper tract seeding in the contralateral solitary kidney, 
and prevent decreased renal function due to ureteral or bladder obstruction of the 
solitary kidney. Post-operative instillation of intravesical chemotherapy has been 
shown to decrease intravesical recurrence. Use of intravesical Mitomycin-c (40 mg 
in 40 mL) at the time of catheter removal after RNU leads to an 11% absolute risk 
reduction and 40% relative risk reduction of intravesical recurrence [106]. 
Instillation of piparubicin within 48 hours after RNU also leads to decreased recur-
rence rates [135]. A meta-analysis of five trials using intravesical chemotherapy 
after RNU showed similar risk reduction without serious adverse events related to 
intravesical therapy [136]. Only 20.5% of patients who received post-operative 
intravesical therapy had bladder recurrence compared to 36.7% having bladder 
recurrence in those who did not receive intravesical therapy [136]. Factors 

Fig. 20.5 Lymph node dissection template based on location of primary tumor

20 Treatment of Upper Tract Urothelial Carcinoma



466

Fig. 20.5 (continued)
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associated with increased risk of intravesical recurrence include advanced age, male 
gender, tumor within the ureter, higher tumor stage, concomitant CIS, lymph node 
involvement, and prior bladder cancer [107, 137]. Intravesical recurrence does not 
appear to affect CSS or OS in those with muscle-invasive upper tract disease. 
However, in those with non-muscle-invasive UTUC, bladder recurrence is associ-
ated with significantly decreased CSS and OS [138]. Current recommendation on 
timing of instillation is to perform the instillation within 10 days of surgery [80]. A 
cystogram may be performed prior to instillation, but is not necessary [106]. 
Therefore, while it is unclear if survival is improved with the use of intravesical 
therapy, use of MMC or other intravesical agents does significantly reduce bladder 
recurrence.

 Systemic Chemotherapy

 Neoadjuvant

Neoadjuvant chemotherapy (NAC) use in UTUC has been growing in popularity 
due to increasing studies showing beneficial effects for UC. Multiple retrospective 
reviews have shown favorable clinical and pathologic response to NAC.  After 
receiving NAC, up to 80% of patients demonstrate clinical response on imaging 
studies [139]. Neoadjuvant chemotherapy is associated with significantly decreased 
incidence of advanced disease stage at time of RNU compared to those receiving 
RNU alone [140–143]. In a study by Matin et al., pathologic specimens were com-
pared between subjects who were diagnosed with high-grade UTUC and underwent 
either RNU or NAC followed by RNU. The results showed significant difference in 
the incidence of pT2 and pT3 or higher-stage tumors favoring the NAC group, when 
compared to the RNU group (pT2, 48.8% vs. 65.4%; ≥pT3, 27.9% vs. 47.7%) 
[140]. A second retrospective study reported pathologic downstaging in 27% of 
patients with high-grade UTUC who received NAC [144]. In addition, pathologic 
complete response on RNU specimen has been observed in 6–15% of patients after 
neoadjuvant chemotherapy [140–142, 144].

Evaluation of patients with high-grade cT2-4 disease who underwent neoadju-
vant chemotherapy showed that those with pathologic downstaging or pathologic 
complete response had improved OS [144]. In addition, a literature review by Loew 
et al. pooled results from six studies showing a 56% OS benefit for those receiving 
NAC [145]. Kubota et al. compared RFS, CSS, and OS in those patients receiving 
either NAC and RNU or RNU alone with locally advanced UTUC [146]. They 
found that NAC use is associated with significantly prolonged RFS and CSS but 
found no significant improvement in OS [146]. In summary, NAC appears to be 
effective for UTUC in patients with clinically advanced disease, high-grade disease 
on biopsy specimen, or other high-risk features. Further prospective trials are 
needed to define selection criteria demonstrating clear effect.
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First-line NAC for UTUC is typically cisplatin-based, though carboplatin is fre-
quently used in those patients who cannot tolerate cisplatin. The majority of studies 
showing improved oncologic outcomes combine patients receiving cisplatin (GC, 
MVAC, MVEC, MEP), carboplatin, and occasionally docetaxel-based chemother-
apy into the NAC group [143–146]. Oncologic outcomes in these retrospective case 
control studies between gemcitabine/cisplatin versus gemcitabine/carboplatin have 
shown no difference in progression-free survival (PFS), CSS, or OS at about 
40 months [143, 146]. When looking at quality of life during NAC, gemcitabine/
cisplatin is associated with higher rates of gastrointestinal symptoms, decreased 
physical and functional quality of life, and fatigue compared to gemcitabine/carbo-
platin [147]. Research on this topic is limited due to infrequent use of neoadjuvant 
chemotherapy in an already rare disease and retrospective and observational nature 
of studies. We routinely recommend neoadjuvant chemotherapy in patients with 
high suspicion of muscle-invasive or locally advanced disease.

 Adjuvant

Adjuvant chemotherapy (AC) for UTUC is more widely accepted than NAC due to 
larger volume of evidence and recent randomized trials showing oncologic benefit. 
Common chemotherapy used in the adjuvant setting is typically platinum-based 
though studies have included paclitaxel or other non-platinum-based regimens 
[145]. Multiple retrospective studies have failed to show that AC provides oncologic 
benefit in high-risk UTUC patients or have only shown improvement in OS and 
CSS in small subgroups such as those with LVI [148, 149]. One of the most recent 
trials, the POUT trial, is a phase 3, open-label, multi-center, randomized control 
trial of 255 muscle-invasive and/or lymph node-positive UTUC patients without 
metastases [150]. The patients were randomized to surveillance or four cycles 
platinum- based AC within 90 days from surgery. At 3 years, the RFS rate in the AC 
group was 71% compared to only 53% in the RNU alone group [150]. A total of 
44% of patients within the AC group developed acute grade 3 or worse chemotherapy- 
related adverse events including decreased neutrophils or platelets, nausea or vomit-
ing, and neutropenic fever [150]. A second randomized control trial published in 
2019 showed improved OS, CSS, and PFS in high-risk UTUC patients who received 
GC after RNU compared to those who had RNU alone [151]. When looking at the 
combined results from AC trials in the meta-analysis by Loew et  al., the pooled 
results for OS, CSS, and RFS for the AC group were significantly favorable at 0.77, 
0.79, and 0.52, respectively [145]. Therefore, while initial studies did not show 
significant benefit in use of AC for UTUC, multiple recent randomized trials and 
retrospective trials have shown improved oncologic outcomes when using AC 
within the immediate post-operative period in patients with muscle-invasive dis-
ease, positive lymph nodes, or LVI [145, 150–152]. We routinely recommend 
patients to receive adjuvant platinum-based chemotherapy if they had not received 
it in neoadjuvant setting.
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 Surveillance

Patients with UTUC are at high risk for recurrence. This risk is present regardless of 
the treatment modality. It is recommended that these patients undergo cystoscopic 
surveillance as often as every 3 months for the first year and then at longer intervals 
afterward [24, 153]. In patients who have <pT2 disease who underwent renal pres-
ervation surgery, surveillance should include a combination of ureteroscopy and 
upper tract cross-sectional imaging with delayed phases at 3–12-month intervals. 
Concurrent cross-sectional chest imaging is recommended for higher-risk patient 
undergoing renal preservation surgery.

 Metastatic UTUC

 Primary Nephroureterectomy

There have been some studies that assess the role of RNU in the setting of metastatic 
disease, but its role is currently limited. An analysis by Moschini et al. reviewed data 
from an international, multicenter, multidisciplinary database and evaluated the 
impact of surgery on the primary tumor site on cancer-specific mortality and overall 
mortality in patients with metastatic urothelial cell carcinoma. There were 326 
patients in the analysis of which 47 (14%) were treated with surgery of the primary 
site. Nineteen of these patients had a primary UTUC, while the remainder suffered 
from a primary bladder cancer. On multivariable analysis, surgery was associated 
with superior cancer-specific mortality (HR 0.59) compared to patients who only 
received chemotherapy [154]. This benefit was only seen in patients with a single 
metastatic site. Another study by Nazzani et al. reviewed data from the SEER data-
base that included 1174 patients with metastatic UTUC, 38% of whom underwent 
RNU. The study found that surgery was a predictor for lower cancer- specific mortal-
ity which was confirmed on multivariable analysis and after inverse probability of 
treatment weighting adjustment [155]. However, retrospective studies evaluating the 
effect local therapy in patients with metastatic disease are highly influenced by 
immortal time bias, and caution should be exercised when interpreting these effect 
estimates. In our practice, a RNU is considered in select patients with metastatic 
UTUC who have demonstrated a favorable response after systematic therapy.

 Metastasectomy

Data on surgical resection of metastatic disease is very limited, but some retrospec-
tive studies have shed light on this management approach. For instance, Siefker- 
Radtke et  al. reported outcomes on 31 patients with metastatic urothelial cell 
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carcinoma who underwent metastasectomy. Sites of metastasis included the lung, 
distant lymph nodes, brain, and subcutaneous tissue. All visible gross disease was 
resected in 97% of patients. The 5-year survival after metastasectomy was 33% sug-
gesting that surgery may provide some survival benefit in these patients [156]. 
Another study by Lehmann et al. reported the German exposure of metastasectomy 
across 15 centers. This included 44 patients with metastatic bladder or UTUC who 
underwent complete resection of detectable metastasis. The 5-year OS after surgery 
was 28% which again suggests that there may be a survival benefit with surgery in 
patients with metastatic urothelial cell carcinoma [157]. There have been additional 
studies that have reported an oncological benefit of surgical resection in patients 
with metastatic UTUC after systematic therapy, where optimal patients are those 
who have had a favorable response and/or have limited areas of metastasis [158, 
159]. We consider surgical resection of metastatic sites in highly selected motivated 
patients who have a favorable response to systemic therapy and have oligometa-
static disease.

 Systemic Therapy

 First-Line Therapy

 Platinum-Based Chemotherapy

Urothelial carcinoma is generally regarded as chemo-sensitive disease. Cisplatin- 
based combination chemotherapy is typically the first-line option in managing 
patients with metastatic UTUC. Data on platinum-based chemotherapy for UTUC 
is mostly extrapolated from studies assessing advanced urothelial cell cancer stud-
ies that involve bladder cancer. Most first-line regimens include gemcitabine/cispla-
tin (GC) or dose-dense methotrexate/vinblastine/doxorubicin/cisplatin (ddMVAC). 
MVAC was historically the first-line regimen, as this demonstrated complete remis-
sion in around 36% of patients with metastatic urothelial cell carcinoma but was 
associated with toxicity, with significant rates of grade 3+ myelosuppression, muco-
sitis, sepsis, and some reports of drug-related deaths [160]. Both GC and ddMVAC 
have been associated with, at least similar or in the case of ddMVAC, superior, 
oncological outcomes compared to MVAC. In addition, these regimens are much 
better tolerated than standard MVAC [161, 162]. With regard to efficacy of cisplatin- 
based chemotherapy in metastatic UTUC, a study by Moschini et al. evaluated three 
EORTC studies that assessed efficacy of MVAC and/or GC in patients with advanced 
urothelial cell carcinoma and investigated whether tumor location affected survival 
in these patients. In 1039 patients, progression-free and overall survival did not dif-
fer between bladder and UTUC, suggesting that outcomes between the two disease 
processes are similar after treatment with cisplatin-based chemotherapy [163]. 
However most of the patients with UTUC may have previously undergone a RNU 
and may not have suitable kidney function. As a result, these patients may receive 
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carboplatin instead of cisplatin. The two drugs are not considered equivalent in 
efficacy; however carboplatin is very active in this disease [164]. The overall goal of 
chemotherapy is to achieve disease remission or stabilization which can help 
improve survival of the patient. Most patients will progress and succumb to their 
disease after subsequent lines of therapy.

 Checkpoint Inhibitors

Checkpoint inhibitors are antibodies designed to target the programmed death 
(PD-1) pathway and prevent tumor cells from binding PD-1/PD-L1 receptors/
ligands on T cells. As a result, these immune cells can be activated and exhibit their 
normal functions that include stimulating cytokine release and cytotoxic activity of 
tumor cells [165].

There are currently five immune checkpoint inhibitors approved for advanced 
urothelial carcinoma including pembrolizumab, atezolizumab, nivolumab, dur-
valumab, and avelumab. Pembrolizumab and atezolizumab are also approved for 
first-line cisplatin-ineligible patients who have high expression of PD-L1 in tumor- 
infiltrating immune cells. Pembrolizumab was approved based on KEYNOTE-052 
which was a multicenter single-arm phase 2 study that assessed first-line pembroli-
zumab in cisplatin-ineligible patients with metastatic urothelial cancer [166]. Three- 
hundred and seventy-four patients were enrolled, 59 of whom had UTUC. In the 
patients with UTUC, 13 (22%) achieved an objective radiological response. In the 
entire cohort, including advanced metastatic bladder cancer, disease control was 
achieved in 173 (47%) of patients, and 17 (5%) achieved a complete response. A 
PD-L1 expression cutoff of 10% was associated with a higher frequency of response 
to therapy. Sixty-two percent of patients experienced an adverse effect, with 16% 
experiencing a grade 3 or worse complication. Another study assessed the effects of 
atezolizumab, a PD-L1 inhibitor, in patients with metastatic urothelial cell carci-
noma. This study similarly focused on patients with metastatic urothelial carcinoma 
who were previously untreated and cisplatin ineligible. In 119 patients who received 
therapy, the objective response rate was 23%, and complete response was 9%. In the 
33 patients with UTUC, there was an objective response in 13 (39%) patients. This 
drug was well-tolerated overall with 35% of patients experiencing some form of 
adverse effect [167].

In the subsequent large phase III trials exploring checkpoint inhibitors irrespec-
tive of patients’ PD-L1 expression status and after prior exposure to chemotherapy, 
response rates were in the range of 15–20%. The response rates were quite similar 
among other agents (Table 20.2).

Immunotherapy can also be used in the maintenance setting, after achieving 
response to chemotherapy or at the time of progression irrespective of patients’ 
PD-L1 expression status. Avelumab is the only checkpoint inhibitor approved for 
maintenance therapy in patients with advanced urothelial carcinoma. The approval 
was based on a large phase III clinical trial randomizing 700 patients, who had 
received platinum-based chemotherapy and had no progression, to avelumab and 
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best supportive care vs best supportive care alone. The trial met its primary end 
point with median overall survival in the avelumab arm 21 months vs 14 months 
(HR 0.69, p = 0.001) in the supportive care. The adverse effects were consistent 
with known toxicities of avelumab [173].

Immune checkpoint inhibitors provide potential to achieve a complete remission 
in a small group of patients and thus are integral to the treatment paradigm of 
patients with advanced UC despite very low response rates. First-line checkpoint 
inhibitors are generally used in clinical practice in patients with low volume disease. 
These agents may not cause immediate debulking of the cancer as observed with 
more traditional cytotoxic therapy [169]. For this reason, patients who are symp-
tomatic from their disease and are suitable for chemotherapy are best served with 
combination chemotherapy in the beginning of the treatment and then can transition 
to immunotherapy after they have achieved some degree of response as a mainte-
nance strategy. Immune checkpoint therapy brings its own set of challenges with 
autoimmune side effects which require an astute physician to diagnose and treat 
them in a timely fashion with immunosuppressive medication as they can poten-
tially become life-threatening [174].

 Second-Line Therapy

Enfortumab is a medication in a new class of therapies called antibody drug conju-
gates. This is a highly sophisticated pharmacologic system designed to deliver cyto-
toxic payloads using an antibody directed toward the specific tumor antigens. 
Enfortumab delivers monomethyl auristatin E (MMAE), a microtubule inhibitor 
that inhibits cell division, to tumors expressing nectin-4, which is overexpressed in 
UC cells. It is approved for patients with advanced urothelial carcinoma who had 
previously received platinum-based chemotherapy and an immune checkpoint 
inhibitor. The drug was investigated in a large phase II clinical trial in patients who 
were previously heavily treated. Forty-four percent patients had a response with 
12% achieving complete response. The response onset was very quick and was 
observed across all subgroups. Estimated median PFS was 5.8 months. This is a 
significant improvement over traditional second-line cytotoxic therapy. Despite tar-
geting the chemotherapy to the tumor cell, the drug has significant toxicities includ-
ing fatigue, alopecia, neuropathy, rash, decreased appetite, and dysgeusia. Few 

Table 20.2 Immune checkpoint inhibitors used in the metastatic urothelial carcinoma after 
platinum failure

Drug Objective response rate % Response lasting more than 6 months

Atezolizumab [168] 15% 84%
Pembrolizumab [169] 21.1% 72%
Nivolumab [170] 19.6% 77%
Durvalumab [171] 20.4% 81%
Avelumab [172] 18.2% NA
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patients also reported severe Steven-Johnson-like syndrome and neutropenia. 
However, no toxicity-related death was reported [175].

Erdafitinib is another new in class FGFR3 inhibitor which is approved for 
advanced urothelial carcinoma patients, harboring alterations in FGFR3, who had 
progressed after platinum-based chemotherapy. This is a potent oral small molecule 
tyrosine kinase inhibitor of FGFR1-4. The drug was evaluated in an uncontrolled 
single arm phase II study in patients harboring these alterations. Forty percent of the 
patients had confirmed response with 3% patients achieving complete response. 
Median PFS was 5.5 months. Treatment-related grade 3 or high side effects were 
observed in 46% of the patients including hyponatremia (11%), stomatitis (10%), 
and asthenia (7%). Other less common but significant toxicity includes hyperphos-
phatemia, retinal detachment, and skin toxicity [176].

 Salvage or Third-Line Therapy

In patients who require additional systemic therapy following recurrence or pro-
gression after initial therapy for metastatic disease, there are several options that 
have been investigated. Historically, systemic chemotherapy has been administered 
in this setting. One option that had been commonly used in Europe was vinflunine, 
a microtubule inhibitor. A study by Bellmunt et al. assessed its efficacy in this set-
ting. This was a phase 3 trial that compared vinflunine plus supportive care vs sup-
portive care after disease progression following platinum-based therapy [177]. The 
study included 370 patients who were randomly assigned to the two treatment 
modalities. On multivariable analysis, vinflunine was associated with significantly 
greater survival benefit, reducing the death risk by 23%, and the median survival for 
this regimen was longer than in those who only received supportive care (6.9 vs 
4.3 months). Other agents that have been studied include gemcitabine, pemetrexed, 
and taxanes, as single agents, and have demonstrated similar effects [178–180]. 
Combination chemotherapeutic options have also been reported in this setting and 
have generally achieved better response rates compared to single agents, though 
with the cost of increased adverse effects. Examples of combination therapy include 
paclitaxel/gemcitabine and paclitaxel/carboplatin [181, 182].

If patients previously responded to cisplatin-based chemotherapy, repeating a 
cisplatin-based regimen may be an effective option. For instance, Han et al. assessed 
the efficacy of standard MVAC in the setting of patients who failed first-line gem-
citabine/cisplatin. The overall response rate was 30% and a complete response was 
achieved in 6.7% of patients. The median OS was 10.9 months. This was not with-
out toxicities, as 63.3% of patients experienced a grade 3 neutropenia and 30% 
experienced a grades 3–4 thrombocytopenia [183]. Another study by Edeline et al. 
assessed accelerated dose MVAC in the setting of patients who failed gemcitabine- 
platinum therapy. There were 45 patients who were reviewed, 61% of whom expe-
rienced a response, with 10% achieving a complete response. The median OS was 
14.2  months. Regarding toxicities, 69% of patients experienced a grades 3–4 
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adverse reaction [184]. In general, there are very few patients who would be suitable 
for any chemotherapy after initial lines of therapy. We always encourage patients 
with good performance status to explore clinical trial or offer palliative care.
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