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The management of advanced pelvic malig-
nancies has evolved substantially over the last 
few decades. This book aims to outline all 
aspects of patient care, from perioperative 
decision-making and prehabilitation, to treat-
ment strategies, operative approaches, and 
more. The topics discussed are succinctly cov-
ered by experts from around the world. Key 
recommendations and references highlight 
international consensus on optimal treatment 
planning.

This book is only possible by the immense 
effort and involvement of the entire PelvEx 
Collaborative network. First established in 

2015, PelvEx has grown to include over  
one-hundred institutions across the globe. 
Our mission is to provide a platform for clini-
cal studies and trials to improve perioperative 
and survival outcomes, while ensuring better 
quality of life for patients with advanced pel-
vic malignancy. We would like to thank every-
one involved in PelvEx, the contributors who 
have made this book possible, and you for 
reading it. We hope you find it useful and 
informative.

Michael E. Kelly & Desmond C. Winter
On Behalf of the PelvEx Collaborative 
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Background

Pelvic exenteration, involving radical multivis-
ceral resection of the pelvic organs, represents 
the best treatment option. The first  report of 
pelvic exenteration was in 1948 by Alexander 
Brunschwig of the Memorial Hospital 
(New York USA), as a palliative procedure for 
cervical cancer [1]. Due to high morbidity and 
mortality rates many considered palliative 
exenteration too radical, and it was performed 
only in a small number of centers in North 
America [2].

Technologic advancements, surgical innova-
tions, and improved perioperative care facili-
tated the evolution of safer and more radical 
exenterative techniques for the treatment of 
advanced gastrointestinal and urogynecologi-
cal malignancies [3]. Worldwide collaborative 
data [4, 5] have demonstrated that a negative 
resection margin is crucial in predicting sur-
vival and quality of life after surgery. Carefully 
selected patients who undergo en-bloc resec-
tion of contiguously involved anatomic struc-
tures with R0 resection margins can expect 
good long-term survival with acceptable levels 
of morbidity [4, 5].

The Pioneers

Eugene M. Bricker (Columbia, USA), a con-
temporary of Brunschwig, had been indepen-
dently performing exenterative procedures 
beginning in 1940  [6]. Due to adverse out-
comes and the interruption of World War II, 
his experience remained unpublished  [6]. 
Jesse E. Thompson (Dallas, USA), one of the 
founders of vascular surgery as a subspecialty, 
and Chester W. Howe (Boston, USA) reported 
the first case of “complete pelvic evisceration” 
for locally advanced rectal cancer (LARC) in 
1950. Other early advocates of the concept 
included Lyon H. Appleby (Vancouver, 
Canada), who performed a procedure he 
termed a “proctocystectomy” [7], and Edgar S. 
Brintnall (a general and vascular surgeon) and 
Rubin H. Flocks (an early urologist from Iowa, 
USA), who termed their procedure “pelvic 
viscerectomy” [8].

Brunschwig’s Operation

While elsewhere PE was being developed prin-
cipally for patients with LARC, in New York, 
Alexander Brunschwig was performing PE as 

1
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Pioneers to PelvEx2

a  palliative procedure for locally advanced 
gynecologic malignancies. Before the introduc-
tion of PE, the prognosis for locally advanced 
cervical cancer was particularly poor. External 
beam radiation therapy was the mainstay of 
management. Local extension commonly 
occurred and cure rates were as low as 20% for 
primary disease  [9]. Forty percent of deaths 
were the result of advanced disease confined 
to  the pelvis  [10]. Patients with end-stage 
malignancy suffered refractory pain, as well as 
intestinal and ureteric obstruction as major 
complications [11, 12].

Brunschwig, who had been among the first 
to report a one-stage radical pancreatico-
duodenectomy in 1937  [1, 13], observed that 
PE was a “procedure of desperation since all 
other attempts to control the disease had 
failed.” Initially his only selection criterion was 
that disease must be “confined to the pelvis.” 
Interestingly, “not a single patient refused the 
operation even after detailed explanation of 
the procedure and the complications associ-
ated with surgery” [1]. The operative approach 
was similair  (Figure 1.1).

Although Many surgeons were critical, con-
sidering it “a thoughtless form of mutilation, 
with limited chance of success for palliation, 
much less cure” [14]. In the earliest series, the 
survival outcomes were poor, with one in every 
three operations resulting in perioperative 
mortality [1, 15]. In Brunschwig’s 1948 article, 
he reported operating on 22 patients with 5 
deaths. [4].

By 1950, Bricker was also investigating the 
role of PE in the management of cervical 
cancer. His first patient, despite widespread 
local invasion, had a disease-free survival of 
42 years [6]. The suitability of PE for the man-
agement of cervical and other gynecological 
cancers was later confirmed by Brunschwig in 
several series [16, 17]. In the ensuing decades, 
several units (mostly in North America) 
increasingly performed PE for advanced can-
cer of the vulva  [18], ovary  [19], and pros-
tate [20], and for pelvic sarcoma [21]. The first 
documented non-malignant application for PE 

was for management of severe radiation necro-
sis of several pelvic organs in 1951. This 
remained a relatively common indication for 
PE until more contemporary radiation thera-
pies became available [22].

­Evolution in Pelvic Exenterative 
Surgery

Urinary Reconstruction

The key challenge in extended pelvic resection 
was urinary tract reconstruction. Though uri-
nary diversion techniques had been described 
since 1852, leakage and infection issues 
resulted in many modifications in technique 
over the last century [23]. In 1909, Verhoogan 
and De Graeuwe (Brussels, Belgium) implanted 
ureters into an isolated segment of terminal 
ileum draining via an appendicostomy  [24]. 
However, isolated ileal segments temporarily 
fell out of use  [25]. Over the next three dec-
ades, Robert C. Coffey (Oregan, USA) experi-
mented with various methods of bladder 
substitution  by implanting ureters into the 
residual colon [26, 27]. Although he presented 
his outcomes outcomes in 1925 they were 
never published because “exposure of the ure-
ters and kidneys to the fecal stream often led 
to sepsis, hyperchloremic acidosis, and 
kidney failure”  [24]. Brunschwig’s favored 
technique of “wet colostomy” was essentially 
reproduction of Coffey’s method and suffered 
from the same shortcomings [22].

Other pioneers interested in this type of 
surgery had also attempted the creation of 
artificial bladders from bowel or alternatively 
developing cutaneous ureterostomies  [22]. 
Appleby (Vancouver, Canada) examined the 
possibility of transferring both ureters to an 
intact cecum draining through a sigmoid 
colostomy, but with limited effect [7]. Similarly, 
Bricker created a diversion that involved isola-
tion of a cecal segment “to be drained intermit-
tently of urine through a catheter” [6]. Gilchrist 
and colleagues reported attaining successful 
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continence with the construction of an intra-
abdominal reservoir from isolated cecum 
draining via the terminal ileum [28]. However, 
Bricker was unable to duplicate these results 
and chronic leakage of urine frustrated clini-
cians and patients alike (Figure 1.2) [29].

The Koenig–Rutzen Bag

In 1944, Alfred Strauss (Chicago, USA) encour-
aged a young engineering student named 
Koenig who had an ileostomy following 
colectomy for ulcerative colitis to develop an 

u

U

P

P″ P″

V

P′

c
u′

U′

PW

(a)

(b)

Figure 1.1  (a) Levels of transection of the ureters (U) and colon (C) and incision encompassing the vulva 
(V) and anus (PW) from Brunschwig’s original article. (b) Conditions at end of operation, indicating areas of 
peritonectomy (shaded area, P, P′, PI″, and PI‴). Midline colostomy is shown with both ureters (U and U′) 
implanted into the colon a short distance above colostomy. Copyright © 1948 American Cancer Society. 
Source: Reproduced with permission from John Wiley & Sons Ltd. [1].

c01.indd   3 09-25-2021   14:13:38



Pioneers to PelvEx4

ileostomy appliance. Koenig designed a 
slender bag with a circular faceplate to accom-
modate the stoma. This was held in place with 
a latex sealant, Koenig formed a commercial 
partnership with Rutzen and the device was 
known as the Koenig–Rutzen bag. When 
Bricker heard of the device, he and his col-
leagues began to direct their efforts toward 
refining the construction of the uretero-ileal 
conduit [24].

Evolution of the Uretero-Ileal Conduit

By the late 1950s, the ileal conduit became 
the  established urinary diversion technique, 
and the high mortality and morbidity rates 
associated with pelvic exenteration began to 
decline [30]. In particular the procedure avoided 
the complications of implanting ureters into an 
intact colon and could be fashioned from ileum 
that was  undisturbed by any pre-existing 

(a) (b)

(c) (d)

Figure 1.2  Diagram from Bricker’s original article on urinary diversion demonstrating the evolution of 
various intestinal reconstruction techniques, including bilateral ureteric anastomosis to an isolated 
segment of sigmoid colon (A), terminal ileum with cecal reservoir (B), cecum with terminal ileum for urinary 
drainage tract (C), and contemporary ileal conduit (D). Copyright © 1950 Surgical Clinics of North America. 
Source: Reproduced with permission from Elsevier [29].
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radiotherapeutic field [31]. Despite these bene-
fits, the complex nature of exenterative surgery 
made significant postoperative complications 
associated with urinary diversion were consid-
ered unavoidable, particularly the development 
of urinary fistulas [15, 32]. Brunschwig observed 
that, in patients who survived > 5 years “the 
most frequent subsequent cause of death is the 
deterioration of the diverted urinary tract” [33]. 
He advocated continuous surveillance of the 
urinary diversion and for the early use of tem-
porary or permanent nephrostomy tubes for 
any evidence of obstruction [33].

Today, en-bloc cystectomy is required in 
approximately half of all patients undergoing 
pelvic exenteration [34–37]. Despite much pro-
gress, postoperative urological complications 
remain a major cause of morbidity, prolonging 
hospital admission and impacting on quality 
of life [35]. Major complication rates between 
9 and 24% are reported, with urinary leak rates 
occurring in 7–16% of patient [35–37]. Newer 
techniques for continent urinary diversion, 
such as the internal ileal pouch reservoir [38, 
39], remain controversial. Alternatives like the 

Indiana pouch and the Miami pouch are suit-
able in highly selected patients [40, 41]. 

Subspecialization and Partial Exenteration

The synchronous abdomino-perineal pelvic 
exenteration performed by the majority of 
exenterative units today was adapted from the 
technique for LARC described by Schmitz 
(Chicago, USA) in 1959 [42]. Over time it was 
recognized that the malignancy did not always 
extend to all of the adjacent pelvic organs. 
Consequently, partial exenteration was 
described, preserving urinary and/or rectal 
function. The later part of the twentieth cen-
tury also saw the intensification of surgical 
subspecialization, driven in part by returning 
surgical veterans from World War II who had 
gained experience in specialties such as ortho-
pedics and plastic and reconstructive surgery. 
The rapid subspecialization that ensued, com-
bined with major advances in perioperative 
care, including intensive care and cardiac 
monitoring contributed to the progress seen in 
exenterative surgery (Figure 1.3) [2].

2010s2000s1990s1980s1970s1960s1950s1940s

1st report of PE in 
New York by 
Brunschwig

Omentoplasty

1st report of PE
for rectal cancer
by Thompson &

Howe

Continent urinary 
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Pubic bone excision 
performed by Solomon

et al.
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teams 

abdomino-perineal
operation reported by

Scmitz et al.

Camay describes ileal
neobladder

Gracilis

Rectus

Wanebo & Marcove
describe PE with
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Ileal loop 
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Bricker's
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Iliac vascular 
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Collaborative

Aortoiliac resection & 
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Orthotopic diversion

McCraw et al describe
myocutaneous flap reconstruction

Figure 1.3  Evolution of pelvic exenterative surgery.
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Composite Pelvic Exenterations

The development of compartmentalization of 
the pelvis and of partial exenteration resulted 
in more targeted approaches Bone resection 
was necessary for tumors involving the sacrum, 
coccyx, ischium, pubic symphysis, and/or 
ischiopubic rami [2]. Recent collaborative data 
show that bone resection (where needed) 
along with R0 margins are the most important 
factors influencing overall survival following 
PE for LRRC [5]. Disease proximal to the S1/
S2 level was considered unresectable in many 
centers, and this represents another 
challenge [43–46].

Brunschwig and Barber reported a series of 
28 patients, perioperative mortality was 29%, 
with five-year survival of 15% [47]. These ini-
tial outcomes discouraged many from pursing 
en-bloc bone resection. Research and 
better  operative techniques developed for the 
management of sacral chordomas rekindled 
interest in  composite PE in the 1980s  [48]. 
Wanebo and  Marcove (Charlottesville, USA) 
described the abdominal-trans-sacral approach 
for resecting LARC with sacral extension in 
1981 (Figure 1.4) [49]. The initial dissection of 
the intrapelvic organs was accomplished 
through the traditional anterior approach fol-
lowed by resection of the sacrum with the 
patient repositioned lying prone  [46, 49]. 
Takagi and colleagues (Nagoya, Japan) 
encountered no postoperative mortality with 
this technique [50].

These outcomes stimulated research into the 
role of composite sacral resection for LARC 
and led to various units undertaking more 
radical resections, reporting morbidity rates 
between 40 and 91%, with < 5% perioperative 
mortality and five-year survival of almost 
50%  [51–55]. In recent years, specialist units 
developed techniques for en-bloc partial sacral 
resection. Hemisacrectomy, a procedure 
involving resection of the anterior cortex of the 
sacrum to preserve the sacral nerve roots, and 
segmental sacrectomy are alternatives 
[55–59].

Lateral Pelvic Sidewall Resection

Brunschwig and Walsh described “resection of 
the great veins of the lateral pelvic wall” to 
gain clearance for advanced gynecological 
tumors in the late 1940s [60]. However, exten-
sion of pelvic cancer into the pelvic sidewall 
was traditionally been considered contraindi-
cation to resection. Due to the technical diffi-
culty of safely attaining an R0 resection 
margin. Efforts at vascular reconstruction were 
hampered by the procedure being frequently 
preformed in a grossly contaminated and often 
previously heavily irradiated field [61]. Due to 
these poor early outcomes, few undertook 
such radical resections until very recently [62].

Contemporary studies have reported en-bloc 
resection of the pelvic sidewall for both locally 
advance and recurrent rectal cancer involving 
the lateral pelvic neurovasculature with good 
outcomes  [63]. Similarly, extended lateral wall 
resection is possible in advanced gynecological 
tumors  [64]. Some units are providing “higher 
and wider” resections for tumors involving the 
common and external iliac vessels [65, 66] and 
extending to the sciatic nerve and ischial bone [2, 
57, 67]. Reported R0 resection rates range from 
38 to 58%, with no perioperative mortality, and 
96–100% long-term graft patency [65, 66]. 

Perineal Reconstruction

In the original series, after the exenteration was 
performed, the pelvis was generally packed and 
allowed to heal by secondary intention. Later, 
surgeons closed the perineum in two layers, to 
prevent the small intestine prolapsing into the 
pelvic cavity [1]. In recent decades, various 
techniques for filling the “dead-space” have 
been examined. The omental pedicle flap was 
reported as an adjunct in keeping the small 
bowel and urinary conduit from prolapsing 
into the pelvic cavity, with the hope of reducing 
fistula  rates  [68, 69]. In addition, the use of 
mesh reconstruction of the pelvic inlet, colonic 
advancement, and locoregional myocutaneous 
flaps have been advocated with varying degrees 
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of success (Figure 1.5) [70–72]. The use of flaps 
in particular was an important development 
that simultaneously allowed closure of per-
ineal wounds not amenable to primary closure 
and transfer of viable tissue into the pelvis to 
decrease septic and perineal complications 
[73, 74]. Moreover, myocutaneous flaps may be 
used to construct a neovagina [75, 76].

Future Directions

The ability to perform radical and extended 
pelvic cancer surgery is the only potentially 
curative treatment for patients with locally 
advanced or recurrent pelvic tumors.

Better diagnostics and chemotherapeutics 
are likely to be “key” in personalizing 

(a) (b)

(c) (d)

Figure 1.4  Diagrams from the first description by Wanebo and Marcove of abdomino-prone sacral 
resection showing the extent of resection required for recurrence of rectal cancer in the posterior 
compartment (A), lines of transection of the sacrum from the posterior approach (B), the operative defect 
after sacral resection (C), and rotational skin flaps for wound closure (D). Copyright © 1981 J.B. Lippincott 
Company. Source: Reproduced with permission from Wolters Kluwer [49].
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patient care, improving survival, or converting 
unresectable disease to resectable. In addition, 
there is growing research on quality-of-life out-
come data following extended radical surgery. 
This is increasingly becoming as important an 
outcome measure as survival. The PelvEx 

Collaborative, offers an unique opportunity to 
prospectively assess exenterative outcomes, 
refine treatment options and further improve 
the management of advanced pelvic 
malignacies. 
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Background

Multidisciplinary team meetings (MDTMs) 
have been implemented to deal with the com-
plexity of cancer care  [1]. The aim of these 
meetings is to provide a structured discussion 
platform to plan patient care [2–7]. The goal is 
to benefit from the collective knowledge of all 
specialties in order to optimize staging, treat-
ment, and follow-up. Furthermore, it can facil-
itate assessment for patients’ inclusion in 
clinical trials.

The organization of the MDTM is time con-
suming and comes with costs. Delaying deci-
sions until the MDTM has taken place can 
sometimes delay treatment. MDTM results in a 
significant change in diagnosis or treatment 
planning, ranging from 18.5 to 36% and 11.0 to 
14.5% respectively [8–14]. The role of adequate 
preoperative tumor staging and discussion in 
an MDTM resulted in more patients receiving 
neoadjuvant treatment, increased local con-
trol, and R0 resections [15].

The governing body for the quality of care 
for patients with cancer in the Netherlands 
is  the Stichting voor Oncologische 
Samenwerking (Foundation for Oncological 
Collaboration, SONCOS)  [16]. SONCOS 
represents 29  national societies involved in 

cancer care, including the Society for Medical 
Oncology, the Society of Surgical Oncology, 
and the Society of Radiation Oncology. 
SONCOS delivers a yearly report stating the 
conditions that must be fulfilled by any multi-
disciplinary team caring for cancer patients. 
Dutch physicians are obliged to adhere to 
these conditions. Furthermore, all Dutch 
medical centers have agreed to standardize 
data registry with a national database to mon-
itor the effect of changes in treatment strat-
egy on quality measurements as shown in 
Figure  2.1. Hence, factors improving the 
quality of care can be identified and applied 
easily in order to improve patient outcome. 
MDTMs across the Netherlands can deal with 
the majority of patients with pelvic cancer 
from gastroenterological, urological, or 
gynecological origin. However, patients with 
locally advanced and recurrent pelvic cancer 
should be discussed in a specialized 
MDTM [16].

Complex Pelvic Cancer MDTM

Patients with locally advanced primary and 
recurrent pelvic cancers are  associated with a 
higher risk of local recurrence, distant 
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metastases, and poor survival. Furthermore, 
these complex pelvic tumors require several spe-
cialties for an accurate preoperative evaluation, 
neoadjuvant and/or adjuvant therapy with a 
multidisciplinary surgical approach, (Table 2.1). 
Preoperative treatments providing downstaging 
are essential to both increase the chance of radi-
cal resections and prevent unnecessarily exten-
sive resections that lead to impairment. 
Centralization is warranted, to identify those 
patients who require this specialized care. 

In order to work toward a situation in which 
all patients with locally advanced cancers are 
discussed in a complex cancer MDTM, it is 
essential that it is easily accessible for physi-
cians outside the specialized center. 

Staging, Restaging, and 
Pathological Assessment

Staging

Radiologic assessment of local and distant dis-
ease in the setting of advanced pelvic cancer 
can be challenging. Therefore all diagnostic 
imaging is assessed by radiologists and nuclear 
medicine physicians with specific expertise in 
cancer imaging prior to the MDTM. An expert 
radiologist familiar with surgical principles 
may anticipate the expected organ involvement. 
Regular contact in the oncological network 
ensures that referring hospitals know which 
scan sequences and modalities that are required.
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Figure 2.1  National registries help to monitor outcome. In this control chart for proportions, a decrease in 
R+ resection rate seems to be statistically significant and leads to differences in the mean R+ resection rate. 
This moment (referred to as ‘out of control’) coincides with the change of preoperative treatment in locally 
recurrent pelvic cancer patients (unpublished data). CL, Control limit; UCL, upper control limit.
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Restaging

In patients who receive neoadjuvant treat-
ment, response evaluation can be challenging 
due to the difficulties in distinguishing 
between malignant and fibrotic changes. 
Visualizing and assessing complete remission 
or downsizing of the tumor after neoadjuvant 
treatment, may alter the surgical planning in 
highly selected cases the surgical planning. 
Complete remission after (chemo)radiation 

cannot be predicted reliably with non-invasive 
imaging techniques, because of the spatial lim-
itations to detecting microscopic tumor resi-
due  [17]. Even magnetic resonance imaging 
(MRI) can result in false positive predictions. 
Addition of diffusion-weighted imaging (DWI) 
to standard MRI makes detection more accu-
rate. Overall, an experienced radiologist with 
considerable expertise is an essential part of 
the complex cancer MDTM [18–20].

Table 2.1  Differences between hospitals caring for “regular” colorectal cancer patients and hospitals 
caring for locally advanced and recurrent pelvic cancer patients (Example from The Netherlands).

Regular care for colorectal 
cancer Specialized pelvic cancer care

Consultants with special 
interest in colorectal cancer

Consultants with special interest in locally advanced and pelvic cancer

Two radiologists Two radiologists with verifiable expertise in evaluation of locally 
advanced and recurrent pelvic cancer, before and after neoadjuvant 
treatment

Two surgeons Two surgeons with verifiable technical expertise in treatment of locally 
advanced and recurrent pelvic cancer. At least one surgeon with 
expertise in treatment of stage 4 colorectal cancer

One pathologist Pathologist with specific expertise in evaluation of specimens of the 
pelvis and effects of neoadjuvant therapy

One radiation oncologist Radiation oncologist with expertise in treatment of locally advanced 
and recurrent pelvic cancer. Expertise in IORT = Intra-operative 
radiotherapy 

One medical oncologist Medical oncologist with specific expertise in curative treatment of 
patients with locally advanced and recurrent pelvic cancer

Extra: Oncological urologist with expertise in urinary deviation

Extra: Oncological gynecologist with expertise in postoperative care and 
recovery

Extra: plastic and reconstructive surgeon with expertise in 
reconstruction of large oncological defects

24/7 intervention radiology Experience with acquiring tissue from the pelvis and placing drains in 
the pelvis, including transgluteal approaches

Stomatherapy nurse clinic Stomatherapy nurse experienced in care of urinary stoma

protocol for referral for 
IORT

Provides IORT

MDTM operates according 
to national guideline

MDTM discusses many patients that cannot be treated according to 
national guideline

Includes all patients in 
Dutch Surgical Colorectal 
Audit (DSCA)

Includes only T4 in audit. Registers all patients in prospective databases, 
compares with other T4/locally recurrent rectal cancer (LRRC) centers, 
and publishes results
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Summary Box

●● Increased complexity of modern can-
cer  care requires a multidisciplinary 
approach.

●● Combining the knowledge of different spe-
cificities makes the MDTM an excellent 
learning environment enhance cancer care.

●● A lack of defined protocols in locally 
advanced and recurrent pelvic cancer 
endorses the necessity for a centralized 
multidisciplinary approach.

Pathological Assessment

All resected specimens should be examined by 
an experienced histopathologist and results 
must be discussed in the complex cancer 
MDTM. The role of the pathologist includes 
advanced pelvic cancer specimen quality, 
lymph node and margin status. Reporting 
these findings should be done by the use of 
structured reports [21–22].

Complex Cancer MDTM  
Outcomes

All participants should have ample experience 
with this complex and heterogeneous group of 
patients. In the case of a treatment plan with 
curative intent, the surgeon proposes a strat-

egy with as little harm as possible. This pro-
posal often includes induction therapy with 
chemotherapy, radiotherapy, or both. The 
medical oncologist and radiation oncologist 
usually want specific aspects clarified, often 
involving prior medical history or imaging. 
The radiologist is frequently asked to specify 
some aspects of scans that were presented ear-
lier. In cases of non-curative treatment, the 
initiative lies with the medical oncologist. The 
possibilities for enrolment in a clinical trial 
should be discussed, and when enrolment is 
possible, the relevant trial will be included in 
the MDTM outcome advice. The discussion on 
an individual patient ends with the chair 
declaring what he or she thinks the consensus 
of the MDTM is, after which the secretary 
notes the final conclusion.
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Background

Advanced pelvic cancers including locally 
advanced primary rectal cancers extending 
beyond the normal anatomical planes (beyond 
the total mesorectal excision (TME) plane or 
primary rectal beyond TME (PR-bTME)), 
pelvic recurrences of previously treated cancer 
including recurrent rectal cancer (RRC), and 
recurrent squamous cell cancer (SCC) of the 
anus with or without colorectal peritoneal 
metastasis (CPM) need specialist manage-
ment [1, 2].

Various exenterative techniques have 
evolved to address the specific anatomical and 
surgical challenges posed by advanced pelvic 
cancers  [3–5]. These techniques combine vis-
ceral soft-tissue resection with bony excision to 
achieve a complete pathological (R0) resection 
of the cancer surrounded by a rim of unin-
volved tissue [2]. Disease threatening or involv-
ing the sacrum can be excised utilizing either a 
subperiosteal approach, partial sacrectomy, or, 
in selected cases with superficial involvement 
of the anterior cortex of the proximal sacrum, 
high subcortical sacral resection (HiSS) [6–8]. 
Cancer involvement of the lateral compart-
ment structures including the greater sciatic 
notch and piriformis muscle was traditionally 
considered unresectable. However, in recent 

years surgical techniques have been refined to 
optimize R0 resection, including lateral pelvic 
compartment excision using approaches 
from both inside and outside the true pelvis; 
laterally extended endopelvic resection (LEER); 
and extended lateral pelvic sidewall excision 
(ELSiE)  [9–14]. Disease extending anteriorly 
into the retropubic space can also be excised by 
penile base excision with partial pubic bone 
resection when involved [15, 16].

The goal of exenterative surgery is achieving 
microscopically complete tumor clearance (  
1 mm microscopically clear resection mar-
gins), termed R0 resection. Five-year survival 
rates of up to 65% are achievable in patients 
undergoing R0 resection  [17–20], while sur-
vival rates after R1 or R2 resections are signifi-
cantly lower  [21–23]. Consequently, R0 
resection is currently considered the primary 
determinant of surgical outcome for advanced 
pelvic cancer. Furthermore, for curative intent 
surgery, only R0 resection will confer sufficient 
overall patient benefit to meaningfully out-
weigh the risk and morbidity of attempted 
resection.

To help achieve R0 resection, radiological 
assessment of advanced pelvic cancer should 
first accurately delineate the cancer margins, 
distinguishing viable tumor from scar tissue 
resulting from previous surgery or (chemo)
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radiotherapy, and “healthy” (uninvolved) 
adjacent structures. The radiologist must 
then create and communicate a clear road-
map for  resection using surgically relevant 
planes to ensure R0 resection while preserv-
ing uninvolved organs. Finally, radiologists 
must ensure accurate and timely identifica-
tion of extrapelvic metastases which could 
influence decision-making on whether (and 
when) to offer surgery. This chapter provides 
a more detailed review of current practice for 
preoperative assessment of tumor anatomy 
and resectability.

Cancer Anatomy and Resectability

There are several methods for assessing cancer 
anatomy and resectability. Examination under 
anesthetic (EUA) is a common method for 
determining whether the cancer is adherent to 
adjacent structures. While palpation may help 
the surgeon estimate R0 resectability, radio-
logical assessment is the main determinant of 
whether a cancer can be completely excised 
with a microscopically clear margin.

Overall, radiological assessment of cancer 
anatomy provides more accurate assessment of 
margins and the relationship to adjacent struc-
tures than EUA [24]. The radiological modali-
ties commonly utilized include magnetic 
resonance imaging (MRI), computed tomogra-
phy (CT), and positron-emission tomography 
(PET). Advanced pelvic cancer surgery is com-
plex and its radiological assessment is individ-
ualized according to the type of cancer, patient 
factors (e.g. tolerance, comorbidity, frailty, and 
metastatic disease), and location in the pelvis.

For low pelvic cancers with a distal margin 
threatening the preservation of the anal canal 
or anterior compartment structures (prostate/
seminal vesicles in men; vagina and uterus in 
women) endorectal ultrasound (ERUS), 
when performed by experienced practitioners, 
can provide complementary information 
to assist decision-making. The small volume of 
mesorectal fat between the distal rectum and 

anterior mesorectal margin can limit accuracy 
of MRI for detecting transmural extension of 
the tumor and anterior margin involvement by 
low rectal cancers.

Several retrospective studies correlating pre-
operative MRI staging of the circumferential 
resection margin (CRM) with histological CRM 
involvement have demonstrated decreased reli-
ability of MRI for patients with low, anterior 
rectal cancer, with MRI mostly overestimating 
CRM involvement  [25, 26]. In the authors’ 
experience, if MRI shows convincing involve-
ment of anterior structures by cancer, total 
pelvic exenteration or posterior exenteration 
is  recommended, to achieve R0 resection. 
However, where involvement of the anterior 
margin is equivocal, we recommend ERUS 
when feasible [27, 28]. In one study including 
32 patients with anterior rectal cancers, MRI 
and ERUS had equivalent positive and negative 
predictive values of 66.6 and 95.6% respec-
tively  [27]. A recent retrospective study of 24 
patients observed that use of ERUS as an 
adjunct to MRI improved diagnostic accuracy 
for anterior margin involvement  [29]. ERUS 
can also provide an accurate assessment of dis-
tal cancer margin in relation to the puborectalis 
muscle when considering intersphincteric dis-
section and preservation of the anal canal. 
However, clinically reliable ERUS requires 
experience of both endoluminal ultrasound 
and rigid sigmoidoscopy to optimize probe 
position and scan interpretation [30].

PET-CT provides complementary information 
on tumor function and activity [31]. PET-CT is 
frequently used in complex cancer patients as a 
complementary test to CT and liver MRI, par-
ticularly for exclusion of metastatic disease in 
uncommon sites or to help troubleshoot uncer-
tain imaging findings, for example helping dis-
tinguish tumor from scar tissue or presence of 
nodal involvement. PET-CT utility is limited by 
poor spatial resolution, anatomical mismatch 
between sites of disease and displayed metabolic 
activity (due to patient movement or bowel peri-
stalsis), and false positives generated by sites of 
inflammation or tissue healing [32].
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Radiological Assessment of Cancer 
Anatomy by MRI

T2-weighted MRI is the reference standard for 
assessment of tumor anatomy and resectabil-
ity. There are two main radiological approaches 
for interpretation and reporting.

The first is tumor categorization according 
to the pelvic compartments affected, which 
can help determine patient prognosis. Various 
tumor categorization systems have been 
proposed and are summarized in Table  3.1. 
The Mayo Clinic classification is based on the 

presence of symptoms and the number of sites 
of fixation of the tumor to surrounding pelvic 
structures  [33]; the Yamada classification 
describes broad categories of localized, sacral, 
and lateral fixation [34]; and the Wanebo clas-
sification is based on the UICC TNM system 
distinguishing bony or ligamentous pelvic 
involvement from non-bony fixation [35]. The 
Memorial Sloan Kettering classification distin-
guishes four pelvic compartments  [36], while 
the Royal Marsden Hospital classification dis-
tinguishes seven compartments [37]. Some of 
these systems have attempted to prognosticate 

Table 3.1  Existing classification systems for pelvic compartments.

Group
Criteria for 
classification Definitions

Mayo Clinic Symptoms S0 Asymptomatic

S1 Symptomatic without pain

S2 Symptomatic with pain

Tumor fixation F0 No fixation

F1 Fixation to one point

F2 Fixation to two points

F3 Fixation to more than two points

Yamada Pattern of pelvic 
fixation

Localized Invasion to adjacent pelvic organs/tissues

Sacral invasive Invasion to lower sacrum (  S3), coccyx, 
periosteum

Lateral invasive Invasion to sciatic nerve, greater sciatic 
notch, pelvic sidewall, upper sacrum (S1/2)

Wanebo Stages TR1 Limited invasion of muscularis

TR2 Full thickness invasion of muscularis 
propria

TR3 Anastomotic recurrence penetrating 
beyond bowel wall into perirectal soft tissue

TR4 Invasion into adjacent organs without 
fixation

TR5 Invasion of bony/ligamentous pelvis

Memorial 
Sloan Kettering

Anatomic 
region

Axial Anastomotic, mesorectal, perirectal soft 
tissue, perineum

Anterior Genitourinary tract

Posterior Sacrum and presacral fascia

Lateral Soft tissues of the pelvic sidewall and 
lateral bony pelvis

(Continued )
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as well, although any associations with survival 
outcomes must be interpreted with caution, 
as  the different institutions had different 
patient populations and markedly variable 
R0  resection rates. Moreover, prognostication 
based on a compartment-based classification 
is  inherently subject to institutional views 
of  which cancers are resectable according 
to  availability of expertise at that time and 
not  necessarily considering newer surgical 
techniques  [6, 9, 11]. The emergence and 
implementation of these new techniques has 
changed opinion on which cancers are resect-
able and shifted the emphasis away from 

relying on compartment-based radiological 
assessment alone. Indeed, most compartment-
based approaches were designed and validated 
retrospectively, i.e. after exenterative surgery 
had already been performed [37].

The second radiological reporting approach 
utilized by the authors of this chapter provides 
a roadmap for surgical excision, whereby a 
highly experienced radiologist reports a 
detailed and unambiguous roadmap for en-
bloc excision of the locally advanced cancer. 
Such a roadmap will be complemented by 
accurate exclusion of extrapelvic metastases 
and incorporate surgically relevant information 

Table 3.1  (Continued)

Group
Criteria for 
classification Definitions

Royal Marsden 
Hospital

Planes of 
dissection on 
MRI

Central (Neo)rectum
Intraluminal recurrence
Perirectal fat or mesorectal, extraluminal 
recurrence

PR Rectovesical pouch or recto-uterine pouch 
of Douglas

AA PR Ureters and iliac vessels above peritoneal 
reflection
Sigmoid colon
Small bowel
Lateral sidewall fascia

AB PR Genito-urinary tract

Lateral Ureters
Iliac vessels distal to iliac bifurcation
Lateral pelvic lymph nodes
Sciatic nerve
Sciatic notch
S1/2 nerve roots
Piriformis or obturator internus muscles

Posterior Coccyx
Presacral fascia
Sacrum
Retrosacral space

Inferior Levator ani muscles
External sphincter complex
Perineal scar
Ischio-anal fossa
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such as significant coexisting pathology or 
findings which may challenge the surgical 
approach. In the authors’ experience, radiolo-
gists who personally review and examine 
patients and then communicate scan findings 
in the outpatient clinic, alongside their surgi-
cal and nursing colleagues, develop much 
greater insight into patient management and 
surgical approaches.

The following principles may help guide 
radiologists to provide roadmaps for advanced 
pelvic cancer:

●● The radiologically derived roadmap for R0 
excision is generally tailored to the maxi-
mum disease extent identified on sequential 
MRI, even in the context of downstaging 
from neoadjuvant treatment. This principle 
is based on the knowledge that radiologically 
occult microscopic foci of viable tumor cells 
may persist beyond the downstaged tumor 
margins, (e.g. peritumoral scar tissue) which 
could lead to R1 resection if resection were 
based on post-treatment imaging alone 
[38–43]. Consequently, fibrosis in direct con-
tact with the tumor on post-treatment imag-
ing should be regarded as potential tumor 
extension and therefore incorporated in the 
planned surgical resection [38, 42, 44–55].

●● Each radiological roadmap is created by the 
radiology team in close co-operation with 
the surgical team. The roadmap is tailored 
to the individual patient based on their anat-
omy, tumor extent, and comorbidity. The 
detailed description of excision planes and 
margins should be based on (distance to) 
intraoperatively assessable and fixed ana-
tomical landmarks, including sacral prom-
ontory, ischial tuberosity, ischial spine, 
piriformis muscle, sacral foramina and 
nerve roots, sacral ligaments (sacrotuber-
ous, sacrospinous, and ischiococcygeal), 
gluteal muscles, bifurcation of aorta/com-
mon iliac vessels, and origin of the superior 
gluteal artery (SGA). In practice, the authors 
of this chapter use the term SLAM (“sacral 
ligaments and muscle”) to describe the 

intimately related sacrotuberous, sacros-
pinous, and ischiococcygeus complex.

●● “BONVUE” or “a good view” is a helpful acro-
nym which can be used to remind the team to 
include a description of bones, organs, nerves, 
vessels, ureters, and extra (tumor sites).

The key feature of the roadmap approach is 
that, in contrast to traditional compartment-
based reporting, this system addresses the 
extent of involvement and resection of indi-
vidual structures potentially at risk and/or 
which need to be resected in order to obtain an 
adequate margin. The structures that are sys-
tematically assessed to build the roadmap, 
with the corresponding surgical considera-
tions, are listed in Table  3.2. For any given 
patient, a roadmap is constructed based on 
assessment of the relevant elements in 
Table  3.2 and their surgical counterparts, 
which, when combined together, form the 
definitive surgical strategy.

Case Study

A 32-year-old female patient presented to her 
local hospital with a perforated PR-bTME and 
underwent an emergency laparotomy and fash-
ioning of a defunctioning colostomy prior to 
downsizing with a combination of radiother-
apy and systemic chemotherapy. A diagnostic 
laparoscopy performed after completion of 
neoadjuvant treatment showed no evidence of 
peritoneal metastatic disease. T2-weighted 
MRI was obtained prior to initiation of 
neoadjuvant therapy and to evaluate response 
approximately 12 weeks after completion of 
neoadjuvant treatment. A compartment-based 
report from the referring unit using a published 
structure [37] is summarized as follows:

●● Above peritoneal reflection: disease present 
at the level of the peritoneal reflection with 
likely compromise of the right ureter

●● Below peritoneal reflection, anterior: sus-
pected ovarian involvement with involve-
ment of uterus and right adnexal tissues
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Table 3.2  The St. Mark’s roadmap approach for assessment of pelvic tumor anatomy and resection 
margins.

Category Structures and assessment Surgical considerations

Visceral structures Rectum
Uterus/vagina
Prostate/seminal vesicles
Bladder
Base of penis

APER +/− excision of seminal 
vesicles +/− penile base excision
Posterior/total pelvic 
exenteration

Ureters Involvement relative to ureteric 
orifice

Partial ureterectomy +/− 
reimplantation/reconstruction

Vessels Common/external iliac arteries Vascular 
resection +/− reconstruction

Internal iliac arteries: involvement 
relative to origin of SGA

Ligation proximal/distal to 
origin of SGA

Bony/ligamentous 
pelvis

Pubic bones + symphysis Pubic bone resection

Sacrum and 
presacral fascia

Height of most proximal 
involvement relative to sacral 
promontory

Extent of subperiosteal 
dissection + level of sacral 
transection

Depth of cortical involvement Subperiosteal dissection
HiSS
Full thickness sacrectomy

Width of involvement relative to 
sacral foramina

Width of HiSS or asymmetrical 
sacrectomy

Sacropelvic 
ligaments and 
ischial spines

Involvement of sacrospinous/
sacrotuberous/ischiococcygeal 
ligaments (SLAM) + lateral extent 
relative to ischial spine

Resection of SLAM
ELSiE

Depth of involvement of ischial 
spine

ELSiE +/− extension into/
toward acetabulum

Nerves L5/S1 nerve roots Resection of lumbosacral trunk 
with motor deficit

S2/3/4 nerve roots Resection with sensory deficit

Main trunk of sciatic nerve in 
sciatic notch

Preservation or partial/total 
excision (as part of ELSiE)

Muscles Obturator internus Resection as part of sidewall 
excision

Piriformis Medial aspect resected 
transabdominally
(Sub)total resection requires 
ELSiE

APER, Abdomino-perineal excision of the rectum; 
SLAM, term denoting the complex of sacropelvic ligaments: sacrospinous, sacrotuberous, and ischiococcygeal; 
SGA, superior gluteal artery; 
ELSiE, extended lateral sidewall excision; 
HiSS, high subcortical sacral resection.
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●● Posterior: tumor infiltration of presacral fas-
cia (S1–S5) without cortical invasion; S1/2 
nerve roots clear

●● Lateral: tumor infiltration of pelvic sidewall 
fascia with sparing of internal and external 
iliac vessels; sacrotuberous and sacrospinous 
ligaments spared but right piriformis muscle 
infiltrated by tumor

●● Infralevator: tumor involvement of right levator
●● Anterior urogenital area/perineum/retropubic 

space: unaffected

In its conclusion, the compartment-based 
report states that resection would require 

removal of the tumor from the anterior com-
partment above and below the peritoneal 
reflection, posterior compartment from S1 
down, right lateral compartment, and right 
infralevator compartment.

This compartment-based approach provides 
information on tumor extent, provides prog-
nostic information, and helps determine if the 
local surgical team has the requisite skills to 
proceed with excision [36, 37].

In the roadmap approach, the relevant com-
ponents from Table  3.2 were assessed and 
“translated” into a proposed surgical plan 
shown in Table  3.3 and Figures  3.1–3.7. 

Table 3.3  Construction of the roadmap for R0 resection in patient 1.

Category Structures and assessment Surgical considerations Figures

Sacrum and 
presacral fascia

Presacral fluid collection surrounded 
by rim of fibrosis, starting 38 mm from 
sacral promontory

Subperiosteal dissection from 
promontory down to point of 
sacral transection 38 mm distally 
(S1/2 junction)

3.1

No discernible plain between presacral 
fibrosis and anterior sacral cortex

Full thickness sacrectomy 3.1

Nerves Right L5 nerve root free and separate 
from tumor
No discernible plain between right 
S1 nerve root and tumor/fibrosis

Preservation of right L5 nerve root 
with resection of S1 nerve root 
leading to partial motor deficit

3.2

Sacropelvic 
ligaments and 
ischial spines

Right SLAM complex grossly involved 
by tumor including insertion into 
ischial spine

Right ELSiE taking the tip of the 
ischial spine

3.3

Muscles Distal aspect of right obturator 
internus muscle undistinguishable 
from tumor/fibrosis

Resection of distal aspect of right 
obturator internus as part of ELSiE

Right piriformis muscle grossly 
tethered by tumor/fibrosis

Resection of right piriformis as 
part of ELSiE

3.4

Vessels Tumor extending to origin of right 
SGA

Right internal iliac ligation 
proximal to SGA origin

3.5

Visceral 
structures

Primary rectal tumor tethering uterus 
and both ovaries
Bladder not directly involved but 
completely denervated due to required 
S1/2 sacrectomy

Total pelvic exenteration preferable 
but bladder preservation possible 
(to be discussed with patient)

3.6

Ureters Distal right ureter indistinguishable 
from tumor/fibrosis

If bladder to be preserved:
Proximal division of right ureter at 
level of pelvic brim, distal division 
just proximal to the ureterovesical 
junction
Right ureteric reimplantation

3.7
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Ultimately, the road map constructed by 
this  multidisciplinary approach was for high 
sacrectomy with right ELSiE and either poste-
rior exenteration (with the patient accepting a 

non-functional bladder) and right ureteric 
reimplantation or total pelvic exenteration. 
The detailed report proposed was as follows: 
en-bloc high sacrectomy at the S1/2  junction 
by dissecting down in the subperiosteal plane 
from the sacral promontory for 38 mm before 
transecting the sacrum, taking care to preserve 
the right L5  nerve root but including the 
S1 nerve root in the resection. Along the right 
pelvic sidewall, the internal iliac artery should 
be ligated proximal to the origin of the SGA 
and excised with the specimen. The abdomi-
nal dissection should stop at the upper level of 
the sciatic notch to avoid breaching the struc-
tures which need to be resected as part of the 
ELSiE. From the prone position, on the right 
side all gluteal tissues should be mobilized off 
the posterior aspect of the SLAM and piri-
formis muscle to the tip of the ischial spine; 
after transection of the ischial spine, the distal 
aspect of the obturator internus muscle should 
be excised.

This roadmap was strictly followed intraop-
eratively and a total pelvic exenteration with 
en-bloc S1/2 sacrectomy and right ELSiE was 
performed, resulting in R0 resection and very 
limited impact on patient mobility.

Figure 3.1  Sagittal MRI showing presacral fluid 
collection surrounded by a thick rim of fibrosis 
abutting the anterior sacral cortex; the extent of 
subperiosteal dissection to the level of planned 
sacral transection is indicated.

(a) (b)

Figure 3.2  (a) Axial MRI at the level of S1 nerve roots. (b) Right S1 nerve root clearly inseparable from 
edge of tumor.



(a) (b)

Figure 3.3  (a) Axial MRI at the level of ischial spine. (b) Gross involvement of the right SLAM complex to its 
insertion at the tip of the right ischial spine by tumor compared to a normal left SLAM.

(a) (b)

Figure 3.4  (a) Axial MRI at the level of the piriformis muscle. (b) The anterior edge of the left piriformis is 
smooth, but the right piriformis is clearly infiltrated by tumor.

(a) (b)

Figure 3.5  (a) Axial MRI at the level of the SGA. (b) A “tongue” of tumor clearly extending toward the 
medial aspect of the right SGA.
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Radiological Assessment 
of Metastatic Disease

Approximately 50% of patients with RRC will 
have metachronous metastatic disease at the 
time of diagnosis of pelvic recurrence  [56]. 
CT examination of the chest, abdomen, and 

pelvis is the primary technique for identi
fication of metastatic disease  [43]. PET-CT 
utilizing fluorodeoxyglucose (FDG) can occa-
sionally be helpful in troubleshooting indeter-
minate lesions such as borderline enlarged 
para-aortic or inguinal nodes or for detection 
of CT occult disease. Some centers routinely 

(a) (b)

Figure 3.6  Coronal MRI showing tethering of the uterus and rectum by tumor/fibrosis.

(a) (b)

Figure 3.7  (a) Axial MRI at the level of the distal ureters. (b) The right ureter is clearly in direct contact 
with the edge of tumor/fibrosis; note the clear asymmetry in position of the ureters due to tethering by the 
tumor to the right of the midline.
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use PET-CT for initial assessment of all 
patients with advanced pelvic tumors, as it 
can alter management by detection of multi-
focal metastases [57–59]. In one study, the use 
of PET in preoperative staging of patients 
with RRC was identified as an independent 
predictor of overall survival after R0 resec-
tion  [60]. However, the evidence supporting 
routine use of PET-CT for evaluation of recur-
rent colorectal cancer is limited  [61–63]. A 
meta-analysis of the role of PET in staging 
patients with recurrent colorectal cancer 
found a pooled sensitivity and specificity for 
detection of distant metastases of 91 and 83% 
respectively, and 97 and 98% for detection of 
liver metastases alone  [64]. However, there 
was significant heterogeneity among included 
studies. Overall, the consensus in many cent-
ers, including the authors of this chapter, 
is  that PET-CT should be used selectively in 
the following circumstances: to troubleshoot 
indeterminate findings from conventional 
imaging such as scar versus tumor in the post-
operative pelvis or for assessment of border-
line enlarged lymph nodes; to help exclude 
CT occult metastatic disease (for example 
bony and brain metastases) in patients with 
extensive malignancy or where a tumor is 
associated with poor prognostic features; and 

when assessing response of metastatic disease 
to chemotherapy and/or radiotherapy.

For liver metastases, MRI is the most accu-
rate and preferred modality and also provides 
useful anatomical information regarding 
suitability for radiofrequency ablation or 
excision [61].

For peritoneal metastases, the main role of 
imaging is assessment of the number, volume, 
and distribution of peritoneal disease and 
extraperitoneal metastases. The Peritoneal 
Cancer Index (PCI) is the most widely used 
method of estimating the tumor burden  [65–
71]. However, CT consistently underestimates 
PCI [72], with only 11% sensitivity for nodules 
smaller than 0.5 mm [73]. Overall accuracy of 
CT for detection of peritoneal lesions in the 
nine abdomino-pelvic regions has been esti-
mated at 51–88% [74]. MRI has been shown to 
correctly predict surgical PCI in 91% of 
patients [72] and diffusion-weighted MRI has a 
sensitivity and specificity of 90 and 95.5% 
respectively for depicting peritoneal metasta-
ses in gynecological malignancy  [75]. In the 
authors’ experience, most “CT and MRI occult” 
metastases measuring 5 mm diameter or more 
are retrospectively visible on scan review and 
there is considerable interobserver variability 
when reporting peritoneal metastases.
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Background

Combined‐modality therapy was a paradigm 
shift in managing locally advanced rectal can­
cer (LARC) in the latter part of the twentieth 
century. Neoadjuvant chemoradiotherapy 
(nCRT; long‐course radiotherapy with concom­
itant fluoropyrimidine‐based chemotherapy) 
then interval total mesorectal excision (TME) is 
the standard of care for patients with bulky 
cT3/4 tumors or predicted node‐positive dis­
ease in most countries. Short‐course radiother­
apy (five fractions without chemotherapy) is 
also an evidence‐based standard and was pio­
neered in Scandinavia, the Netherlands, and 
the UK. Several large studies have demon­
strated superior disease‐related outcomes with 
neoadjuvant therapy over surgery alone [1–4]. 
Following systematically taught TME and 
widespread adoption of tri‐modality therapy, 
five‐year local recurrence rates decreased to 5% 
or less [5]. However, long‐term overall survival 
(OS) did not improve in parallel and the lead­
ing cause of rectal‐cancer‐related death is 
now distant disease failure, with approximately 
20–30% of patients developing distant metasta­
ses despite receiving postoperative chemother­
apy in some countries [6]. Increasing emphasis 

has been placed on optimized systemic therapy 
to improve long‐term OS.

In the USA and some European countries 
adjuvant chemotherapy has been recommended 
in the management of LARC. This is largely based 
on extrapolation from the results of trials in colonic 
cancer demonstrating improved disease‐free sur­
vival (DFS) and OS. Oncologists generally estimate 
that adjuvant fluoropyrimidine‐based chemother­
apy reduces the relative risk of systemic recurrence 
of colon cancer by one‐third, with oxaliplatin add­
ing another 5–6% benefit [7, 8]. Early trials in rectal 
cancer observed similar survival advantages; how­
ever, these trials were conducted prior to the intro­
duction of neoadjuvant therapy [9, 10]. The role of 
adjuvant chemotherapy in the modern era of 
nCRT is less defined. ADORE—a large phase II 
Korean trial—randomized patients post nCRT to 
four cycles of adjuvant 5‐fluorouracil (5‐FU) or 
FOLFOX (5‐FU, leucovorin, and oxaliplatin) and 
demonstrated improvement in DFS [11]. Four ran­
domized European trials have failed to demon­
strate a significant survival benefit [12–15]. Notably, 
these trials demonstrated that compliance with 
adjuvant chemotherapy is poor following rectal 
cancer surgery. In the largest of these studies, the 
European Organization for Research and Trea­
tment of Cancer (EORTC) 22921 trial, over half of 
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patients did not complete the intended four cycles 
[15]. Any apparent absence of survival advantage 
with adjuvant chemotherapy may be related, in 
part, to poor tolerance of postoperative 
treatment. Furthermore, a meta‐analysis evaluat­
ing the impact of time from surgery to adjuvant 
therapy on survival in colorectal cancers demon­
strated that a four‐week increase in time was asso­
ciated with a significant decrease in DFS (hazard 
ratio [HR] 1.14, 95% confidence interval [CI] 1.10–
1.18) [16]. Alternative approaches are required to 
optimize delivery. Total neoadjuvant therapy 
(TNT) has emerged as an attractive alternative 
strategy—systemic chemotherapy given before 
nCRT (i.e. induction chemotherapy) or after it 
(consolidation chemotherapy) in the preoperative 
setting.

Potential Advantages of TNT

1)	 Targeting of subclinical micrometastases: 
Early administration of full‐dose systemic 
chemotherapy has the potential of eradi­
cating occult micrometastases, reducing 
distant disease failure, and prolonging 
long‐term survival.

2)	 Assessment of tumor biology: TNT pro­
vides an opportunity to evaluate the innate 
biomolecular profile of the tumor. Disease 
progression during full‐dose systemic 
chemotherapy suggests aggressive tumor 
biology. Patients with unfavorable treat­
ment‐resistant disease may receive little or 
no benefit from subsequent resection.

3)	 Increased tumor downstaging: Additional 
full‐dose systemic chemotherapy may 
improve resectability by inducing tumor 
downsizing. This may be related to the 
direct effects of the chemotherapy and/or 
indirectly due to the prolonged interval to 
resection. Patients who experience marked 
tumor regression may become suitable for 
less radical or sphincter‐preserving surgery, 
although this is controversial. As a general 
principle, adjacent structures directly 
invaded by the tumor (including sphincters) 

should be considered for en‐bloc resection 
unless sure they are not involved. Deviation 
from the initial planned surgical approach 
requires excellent imaging, endoscopy, and 
multidisciplinary input in addition to judi­
cious intraoperative decision‐making.

4)	 Increased pathological complete response 
(pCR): A pCR represents a strong positive 
prognostic indicator, associated with improved 
local control and disease‐specific survival [17].

5)	 Potential for organ preservation: The clinical 
implication of improved tumor regression is 
the selective practice of surgery and poten­
tial for non‐operative management. An 
expectant “watch and wait” approach may 
be appropriate in patients who demonstrate 
a good response to neoadjuvant therapy.

6)	 Superior compliance: Surgical morbidity and 
postoperative complications may limit com­
pliance to adjuvant chemotherapy. Delivery 
in the preoperative period may improve com­
pliance by avoiding such limitations.

Potential Disadvantages of TNT

1)	 Disease progression: Delay to definitive sur­
gery may allow local disease progression, 
resulting in more technically challenging 
resection and increased perioperative mor­
bidity, or even unresectability. However, 
progression on full‐dose chemotherapy 
indicates an unfavorable disease profile 
that suggests disease course and outcome 
would not be altered by surgery.

2)	 Negative effect on performance status: Full‐
dose systemic chemotherapy may negatively 
impact fitness, thereby delaying or preventing 
surgery. Reduced physiological reserve due to 
treatment‐related toxicity could increase the 
risk of perioperative morbidity (or even mortal­
ity). In practice this should not be the case with 
reasonable assessment of performance status, 
comprehensive geriatric assessment, adequate 
organ function parameters, and general well‐
being [18]. It is better to wait for full recovery 
than to compromise outcome for timing.
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Short-Term Outcomes

Pathological Response

Neoadjuvant therapy has the potential to erad­
icate tumors entirely. A pCR, defined as an 
absence of tumor cells in the resected speci­
men, represents an important predictor of 
favorable oncological outcome [15, 19]. In a 
meta‐analysis of 16 studies involving 3363 
patients with LARC treated with nCRT, those 
who achieved a pCR had less local recurrence 
(odds ratio [OR] 0.25, 95% CI 0.10–0.59, 
p = 0.002) and better five‐year DFS (OR 4.33, 
95% CI 2.31–8.09, p < 0.001) [17].

Pathological outcomes following TNT are 
limited, available data are conflicting, and 
whether TNT improves pCR rates is unclear. 
Furthermore, pCR rates are influenced by 
interval to surgery as radiation‐induced 
tumor necrosis is time‐dependent. Several 
large series and meta‐analyses have demon­
strated increased pCR rates with intervals of 
> 6–8 weeks following completion of nCRT 
[20–22]. The GRECCAR6 phase III multi­
center randomized control trial of 265 patients 
found no significant difference in pCR rates 
after an interval of 7 weeks compared to 
11 weeks between nCRT and surgery, with 
standard practice now an interval of 
8–10 weeks [23]. Whether pathological resp­
onse observed with TNT is due to the direct 
effect of chemotherapy or prolonged interval 
to surgery or both is unclear.

The CONTRE (Complete Neoadjuvant 
Treatment for Rectal Cancer) study reported a 
pCR rate of 33% following eight cycles of induc­
tion‐modified FOLFOX6 [24]. Surgery was per­
formed 6–10 weeks following completion of 
nCRT. Another North American study reported 
a rate of up to 38%, with the longest regimen (six 
cycles of induction FOLFOX with an interval of 
up to 19 weeks) but only 18% in patients treated 
with standard nCRT [25]. Interestingly, the 
Spanish GCR‐3 phase II trial reported no signifi­
cant difference in pCR rate between induction 
capecitabine plus oxaliplatin (CAPOX) and con­
ventional nCRT (14.3 vs. 13.5%) [26]. In this 

study, the interval to surgery was considerably 
shorter (five to six weeks). A large registry‐based 
study of 36 268 patients with clinical stage II or 
III disease, 3421 of whom received induction 
chemotherapy, also reported no difference in 
pCR rates between the TNT and conventional 
groups [27]. These registry‐based data must be 
interpreted with caution as exact chemothera­
peutic regimens are unknown. Furthermore, 
selection criteria for TNT were unavailable, 
and thus a significant proportion of the TNT 
group may have included patients with 
advanced disease with unfavorable biology 
(cT4, significant nodal burden, threatened 
mesorectal margin).

In a systematic review of 10 prospective 
studies involving 648 patients treated with 
TNT, the overall pCR rate was 21.8% (range 
10–40%) [28]. In the 10 comparative studies 
included, the overall pCR rate following TNT 
was 19% and TNT increased the odds of pCR 
by 39% (OR 1.39, 95% CI 1.08–1.81, p = 0.01). 
Similar findings were reported in a meta‐anal­
ysis of 28 studies (retrospective and prospec­
tive) of 3579 patients receiving TNT (n = 2688) 
or conventional nCRT (n  =  891) [29]. The 
pooled pCR rate with TNT was 22.4% (95% CI 
19.4–25.7, p < 0.001). Interpretation and appli­
cation of these data are difficult and hampered 
by the heterogeneity of systemic agents used, 
timing of chemotherapy, and interval to 
surgery.

The Dutch–Swedish RAPIDO trial com­
pared three‐year DFS following short‐course 
radiotherapy (5×5 Gy), full‐dose preoperative 
CAPOX and interval TME, with conventional 
nCRT, TME, and selective adjuvant chemo­
therapy (CAPOX or FOLFOX) [30]. The 
RAPIDO trial found that, compared to tradi­
tional neoadjuvant CRT and surgery, short‐
course radiotherapy followed by neoadjuvant 
chemotherapy prior to surgery reduced distant 
metastatic events at three years (20% vs. 26.8%). 
It increased pCR from 14% to 28%, with a puta­
tive survival advantage, but without altering 
quality of life or overall surgical morbidity. The 
PRODIGE 23 trial, another prospective rand­
omized trial examining TNT, compared induction 
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triplet neoadjuvant chemotherapy (six cycles 
of modified FOLFIRINOX; 5‐FU, leucovorin, 
irinotecan, and oxaliplatin) followed by neoad­
juvant CRT, surgery, and a further three 
months of chemotherapy (either FOLFOX or 
capecitabine) with conventional nCRT, sur­
gery, and six months of adjuvant chemother­
apy [31]. It found pCR improved from 11.7% to 
27.5% and three‐year metastasis‐free survival 
from 71.7% to 78.8% with TNT over the control 
arm. Metastatic disease on restaging prior to 
surgery was also lower with TNT (1% vs. 4.7%).

Long-Term Oncological Outcomes

The key clinical question is whether delivery 
of up‐front full‐dose systemic chemotherapy 
and increased compliance improves disease‐
specific outcomes. Long‐term survival data fol­
lowing TNT are lacking and predominantly 
limited to small case series. A systematic 
review of oncological outcomes following 
TNT, including seven prospective studies 
reporting five‐year survival data, found similar 
long‐term survival outcomes when compared 
with standard nCR. The overall weighted mean 
five‐year OS and DFS were 74.4 and 65.4% 
respectively. Comparative analysis of seven 
studies by Petrelli et  al., however, demon­
strated that patients who received TNT had 
better DFS (HR 0.75, 95% CI 0.52–1.07, 
p  =  0.11) and OS (HR 0.73, 95% CI 0.59–0.9, 
p  =  0.004) than those who received conven­
tional nCRT only [29]. In a multi‐institutional 
phase II trial, better disease‐specific survival 
was observed with consolidation chemother­
apy (two, four, or six cycles of modified 
FOLFOX) compared with conventional nCRT 
[32]. After a median follow‐up of 59 months, 
five‐year DFS was 81% following consolidation 
chemotherapy compared to 50% with nCRT 
(p = 0.0005). There were no significant differ­
ences in survival among the experimental 
arms. Notably, the primary endpoint of this 
trial was pCR and it was not adequately pow­
ered to show differences in survival. Similarly, 
a North American multicenter retrospective 

analysis of 110 patients with cT3/4 N0–2 
disease treated with short‐course radiotherapy 
also observed improved DFS with consolida­
tion FOLFOX [33]. DFS at three years was 85% 
compared with 68% among patients treated 
with standard nCRT and adjuvant chemother­
apy (p = 0.032). A single‐arm Chinese study of 
96 patients with cT3/4 or node‐positive disease 
treated with consolidation XELOX (capecit­
abine and oxaliplatin) also reported compara­
ble five‐year DFS of 83% [34]. Interestingly, the 
Polish phase III randomized trial of 515 
patients with cT4 or fixed cT3 reported no sig­
nificant difference in DFS between those 
receiving short‐course radiotherapy with three 
cycles of consolidation FOLFOX4 compared to 
traditional CRT [35]. DFS at eight years was 43 
vs. 41% respectively.

The most meaningful potential advantage of 
early full‐dose chemotherapy is targeting sub­
clinical micrometastases and reducing distant 
disease failure. In a systematic review of ten 
prospective studies, the overall weighted mean 
distant recurrence rate was 20.6% (range 
5–31%). Eight studies reported distant failure 
rates consistent with the standard treatment 
paradigm (19–31%). The remaining two stud­
ies reported significantly lower rates [36, 37]. 
This discrepancy may be related to the shorter 
length of follow‐up because of differences in 
clinical stage, compliance, and/or the use of 
adjuvant therapy. It will be interesting to see if 
the three‐year metastasis‐free survival benefit 
seen in RAPIDO and PRODIGE 23 is main­
tained with prolonged follow‐up.

Organ Preservation

In addition to event‐free survival and local 
control outcomes, preservation of bowel func­
tion and quality of life continue to represent 
significant challenges in the management of 
LARC. The prevalence of low anterior resec­
tion syndrome (LARS) is 60–90% following low 
or ultra‐low sphincter‐sparing surgery for rec­
tal cancer [38]. The syndrome is associated 
with a significant and sustained reduction in 
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quality of life [39, 40]. A potential advantage of 
improved tumor regression and downstaging with 
TNT is the selective practice of non‐operative 
management and avoidance of a stoma. A 
multinational experience (1009 patients) of 
conventional nCRT and a “watch and wait” 
approach found two‐year local tumor regrowth 
was 25% [41].

A retrospective single‐center analysis of 
628 patients with LARC observed more com­
plete responders at one year with TNT com­
pared with conventional nCRT and adjuvant 
chemotherapy [42]. This was the subject of a 
recently presented multicenter, randomized, 
phase II trial assessing if TNT increases the 
proportion of patients managed with organ 
preservation. Patients were randomized to 
induction or consolidation FOLFOX (before 
or after long‐course chemoradiation), fol­
lowed by restaging with magnetic resonance 
imaging (MRI)/endoscopy 8–12 weeks later. 
Incomplete responders proceeded to TME, 
while complete clinical responders were 
managed non‐operatively [43]. Three‐year 
disease‐ and metastasis‐free survival rates 
were similar in the OPRA (organ preserva­
tion of rectal adenocarcinoma) trial arms, 
but the rate of organ preservation was 
improved by consolidation (58%) rather than 
induction (43%) chemotherapy.

In patients with early disease (cT1–2N0), 
the standard of care currently is surgery 
without neoadjuvant therapy. Systemic ther­
apy with curative intent may be an alterna­
tive to surgery if long‐term disease‐specific 
outcomes were comparable. Those who 
achieve a clinical complete response (cCR) 
may be eligible for organ preservation, with 
salvage surgery reserved for cases of locore­
gional recurrence. A retrospective analysis of 
81 patients with cT2N0 disease reported an 
increased likelihood of a cCR and avoidance 
of definitive surgery at five years with con­
solidation chemotherapy (six cycles of 5‐FU) 
with high‐dose radiotherapy (54 Gy) com­
pared with standard nCRT (67 vs. 30%; 
p = 0.001) [44].

Chemotherapy and Compliance

Chemotherapy for LARC has traditionally been 
fluoropyrimidine‐based. In the postoperative 
(adjuvant) setting, oxaliplatin improves progres­
sion‐free and disease‐free survival in colonic 
cancer [7]. The role of oxaliplatin in neoadju­
vant treatment has been debated. Apart from 
the German CAO/ARO/AIO‐04 trial [45], sev­
eral trials and meta‐analyses have failed to dem­
onstrate a survival advantage with oxaliplatin 
added to radiosensitizing fluoropyrimidine 
nCRT [46–50].Furthermore, oxaliplatin was 
associated with significant toxicity including 
neurotoxicity and increased risk of infection. 
For TNT, the optimum regimen is unknown 
(e.g. capecitabine alone, CAPOX, or FOLFOX). 
Toxicity of treatment regimens is a concern, and 
poor compliance could be a major challenge if 
patients do not complete the intended dose‐
intensity. Encouragingly, several trials evalu­
ating induction and/or consolidation 
chemotherapy reported favorable compliance 
rates of over 90% with toxicity profiles compara­
ble to those of standard nCRT [36, 51, 52]. In the 
Spanish GCR‐3 study, 91% of patients com­
pleted the study protocol in the induction chem­
otherapy arm compared with 54% in the nCRT/
adjuvant chemotherapy arm (p <0.001) [53]. 
Garcia‐Aguilar et al. reported compliance rates 
of 77–82% depending on the number of cycles 
of mFOLFOX given [25]. The two most recent 
phase 3 TNT trials (RAPIDO and PRODIGE 23) 
clearly demonstrate that it is safe and effica­
cious to incorporate oxaliplatin into neoadju­
vant chemotherapy regimens. Neither trial 
included oxaliplatin during radiotherapy.

Novel Chemotherapeutic Agents

Integration of targeted agents in the treatment 
of LARC has been the focus of several modern 
early phase trials [54]. Preclinical studies have 
demonstrated that vascular endothelial growth 
factor (VEGF) blockade in combination with 
standard chemoradiotherapy enhances tumor 
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regression. VEGF blockade induces alterations 
to the vasculature of the tumor microenviron­
ment, increasing tumor perfusion and oxygena­
tion and improving intratumoral drug delivery 
[55]. A meta‐analysis reported a pooled pCR 
rate of 27% with neoadjuvant therapy including 
bevacizumab [56]. A small single‐institution 
prospective phase II trial evaluating induction 
FOLFOX with bevacizumab followed by radio­
therapy reported favorable pathological, toxic­
ity, and survival outcomes [57]. Forty‐three 
patients with clinical stage II–III low rectal 
adenocarcinoma and MRI‐defined high‐risk 
features (cT4, cN2, predicted positive lateral 
nodal involvement, threatened circumferential 
resection margin [CRM]) were included. The 
pCR rate was 37.2% and three‐year DFS was 
86%. Irinotecan has no adjuvant role in colon 
cancer and can have significant toxicities 
including colitis and sepsis. It has been success­
fully incorporated into neoadjuvant, adjuvant, 
and palliative chemotherapy for pancreatic 
cancer in the FOLFIRINOX regimen [58]. 
Several French trials use it as the backbone of a 
TNT approach in rectal cancer, but there is hes­
itancy to adopt it elsewhere.

The Italian TRUST trial also observed favora­
ble results with induction FOLFOXIRI (5‐FU, 
leucovorin, irinotecan, and oxaliplatin) and 
bevacizumab plus nCRT [59]. This phase II 
single‐arm study of 49 patients with predicted 
node‐positive or clinical T3/4 disease reported 
a pCR rate of 36% and two‐year DFS of 80%. 
The GEMCAD 1402 trial randomized patients 
to induction mFOLFOX with or without 
aflibercept (VEGF inhibitor) [60]. In per proto­
col analysis, a pCR was achieved in 25.2% of 
the experimental arm and 14.5% of the control 
group (p = 0.10). In the EXPERT‐C trial, 
patients with MRI‐defined high‐risk disease 
were randomized to induction CAPOX with 
cetuximab (epidermal growth factor receptor 
[EGFR] inhibitor) or CAPOX alone, followed 
by standard nCRT [61]. In this study, however, 
no significant difference in the primary endpoint 
of pCR was observed among groups. Capecitabine 
and cetuximab are no longer combined in 

routine practice as there is unacceptable 
synergistic skin toxicity. Although the addition 
of targeted agents has yielded some positive 
oncological outcomes, concerns exist sur­
rounding their safety profile and associated 
toxicity. The AVACROSS phase II single‐arm 
study evaluating induction XELOX with beva­
cizumab reported a high postoperative com­
plication rate (58%), with 24% of patients 
requiring surgical reintervention [62]. No 
agent has emerged as superior to oral or intra­
venous 5‐FU as a radiosensitizer. In colon can­
cer there has been no therapy added to systemic 
adjuvant therapy since oxaliplatin nearly two 
decades ago. Bevacizumab does not improve 
survival, and the monoclonal antibodies cetux­
imab and panitumumab which target EGFR 
have no adjuvant role even in RAS/RAF wild‐
type colon cancer. There was considerable 
enthusiasm for the poly‐ADP ribose polymer­
ase (PARP) inhibitor veliparib as a radiosensi­
tizer, but unfortunately this was not confirmed 
by the NRG‐GI002 phase II trial [63].

Immunotherapeutics

The past few decades have witnessed 
unprecedented advances in the field of cancer 
immunology. The focus of systemic therapy is 
developing novel strategies to enhance the inef­
fective antitumor response of the immune sys­
tem. Immunotherapy with checkpoint blockade 
(mainly programed cell death protein 1 [PD‐1]) 
has had limited efficacy in the vast majority of 
patients with metastatic colorectal cancer. 
Durable responses have predominantly been 
observed in patients with microsatellite instabil­
ity‐high (MSI‐H) colorectal cancer [64]. The 
high mutational burden of microsatellite insta­
bility (MSI) tumors is thought to provoke a 
strong intratumoral T‐cell response, which can 
be further enhanced with anti‐PD‐1 therapy. 
Pembrolizumab is now accepted as a first‐line 
standard of care for MSI‐H stage IV colon can­
cer based on the KEYNOTE‐177 study [65]. 
There is concern that over one‐third of MSI‐H 
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patients experience rapid disease progression on 
immunotherapy even though there is a large sus­
tained survival benefit in the majority. RAS 
mutations and left‐sided tumor origin had less 
benefit from immunotherapy, but BRAF muta­
tions did not appear to detract from efficacy. 
Future characterization of blood and tumoral 
biomarkers may enable precise selection of 
patients likely to respond to monotherapy and 
those who require alternative approaches, poten­
tially facilitating the integration of immunother­
apy into the neoadjuvant treatment paradigm. 
There have been some early reports of dramatic 
responses to neoadjuvant immunotherapy in 
MSI‐H rectal cancer [66]. While 10–15% of all 
colon cancer is MSI‐H, only 3–5% of rectal cancer 
is. The holy grail of colon cancer research is a 
means by which to enable immunotherapy to 
benefit patients with microsatellite stable (MSS) 
disease. Can radiotherapy render MSS rectal can­
cer vulnerable to immunotherapy? The upregu­
lation of programed cell death‐ligand 1 (PD‐L1) 
in rectal cancer post‐radiotherapy may be associ­
ated with improved outcomes [67, 68]. Several 
early phase trials are exploring the PD‐L1 antago­
nists avelumab (AVANA) and atezolizumab (R‐
IMMUNE) in combination with preoperative 
chemoradiotherapy [69–71]. Other studies such 
as PEMREC combine pembrolizumab with 
short‐course radiation therapy [72]. In stage III 
non‐small cell lung cancer, durvalumab is used 
following definitive chemoradiation based on the 
PACIFIC trial [73]. Similar approaches in rectal 
cancer such as the Dutch TARZAN trial (short‐
course radiation therapy followed by atezoli­
zumab and bevacizumab) and the Chinese 
CHINOREC trial (nCRT followed by ipilimumab 
and nivolumab) are underway. There is no role 
for immunotherapy in MSS disease outside of 
clinical trials.

Locally Recurrent Rectal Cancer

The incidence of locally recurrent rectal cancer 
(LRRC) remains approximately 5%. A negative 
resection margin, the most important predictor 
of outcome, may be difficult to achieve due to 

the anatomical location, involvement of sur­
rounding structures, and the challenges of prior 
surgery. As a result, upfront chemoradiotherapy 
may downstage tumors and improve resectabil­
ity. In patients who have received radiotherapy 
for treatment of their primary tumor, reirradia­
tion options are limited. Induction chemother­
apy has been proposed as a potential means of 
improving tumor downstaging and clear mar­
gin rates. Moreover, it may eradicate occult 
micrometastases. Development of metastatic 
disease is common following local recurrence 
and represents the leading cause of cancer‐
related death following successful treatment of 
local recurrence. Preliminary results of a cohort 
study in the Netherlands demonstrated R0 and 
pCR rates of 55 and 17% respectively with induc­
tion chemotherapy compared to 49 and 4% with 
CRT alone (p = 0.506 and p = 0.015 respectively) 
[57, 74]. Among the induction chemotherapy 
group, achieving a pCR was strongly associated 
with improved three‐year DFS (both local recur­
rence and distant metastases). Two European 
prospective randomized trials, the French 
GRECCAR15 and the Dutch PelvEx2 Induction 
Chemotherapy Trial, aim to determine the opti­
mum preoperative management for LRRC 
(NCT03879109, Dutch Cancer Society no. 
12960/2020–1). GRECCAR15 is comparing 
induction FOLFIRINOX (six cycles) followed by 
CRT (30.2 Gy with capecitabine) to induction 
FOLFIRINOX alone. The primary outcome of 
interest is the R0 resection rate.

Future Developments

Long‐term outcome data following induction 
or consolidation chemotherapy are lacking, 
and whether the total neoadjuvant approach 
can improve survival remains to be elucidated. 
Several prospective randomized trials are cur­
rently ongoing to evaluate long‐term disease‐
specific outcomes, including the PROSPECT 
and TNTCRT trials [75]. The awaited North 
American PROSPECT trial will show us if 
some high‐risk patients who respond well to 
induction FOLFOX can omit neoadjuvant 
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radiotherapy. GRECCAR12 (lower‐risk patients) 
is still recruiting and builds on GRECCAR2 
comparing neoadjuvant FOLFIRINOX fol­
lowed by CRT to CRT alone [76, 77]. In both 
arms, good responders will have local excision 
of the primary to avoid major surgery. Similarly, 
the Chinese TNTCRT trial is designed to assess 
whether induction and consolidation CAPOX, 
nCRT, and TME improves DFS compared with 
standard nCRT and TME with adjuvant chem­
otherapy (NCT03177382). Circulating tumor 

DNA (ctDNA) is under investigation to guide 
adjuvant chemotherapy in stage II colon can­
cer [78, 79]. The DESTINY‐CRC01 trial proved 
that a drug–antibody conjugate (trastuzumab 
deruxtecan to target the HER2 receptor) is 
active against metastatic colon cancer that 
appropriately express the molecular target 
[80]. A deeper understanding of radiobiology 
may lead to molecularly targeted radio‐sensi­
tizing agents [81, 82]. It may become possible 
to use immunotherapy in MSS LARC.
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Background

A patient’s general physical condition is the 
most important determinant of postoperative 
complications. Pelvic exenteration is a major 
multivisceral resection with significant mor-
bidity, and therefore patients need to be care-
fully selected and counseled. Full clinical 
history, evaluation of comorbidities, and regu-
lar medication are paramount for assessing 
suitability for a pelvic exenteration. Some 
comorbidities might require further investiga-
tions or assessment by other specialists in an 
attempt to optimize the patient before the sur-
gery. Conditions like pre-existing neurological 
symptoms or other functional issues are 
important, especially as most patients will 
have one or two stomas [1].

Clinical Examination

Digital rectal examination provides vital 
information relating to the localization of the 
tumor, its diameter, and its involvement of the 
sphincter complex. A bimanual recto-vaginal 
and abdominal examination is mandatory to 
confirm the presence of a central pelvic recur-
rence, which ideally should be mobile and not 
fixed to the pelvic sidewall. If necessary, 

examination under anesthesia, with cystos-
copy or colonoscopy often provides useful 
information [1].

Laboratory Tests

As part of the preoperative assessment, any 
detected anemia should be corrected [2]. If the 
patient has diabetes, optimization of glycemic 
control is essential [3]. In addition, electrolyte 
or renal impairments should be checked. 
Nutritional risk assessment should be per-
formed routinely, with full screening including 
checking plasma albumin  [4], prealbumin, 
total cholesterol, and total protein  [5]. 
C-reactive protein (CRP) has been shown to be 
a good independent prognostic marker in 
patients [6].

­Risk Assessment of Morbidity 
and Mortality

Current approaches to predict postoperative 
outcomes include scores such as the American 
Society of Anesthesiologists (ASA) classifica-
tion and the Physiological and Operative 
Severity Score for the enumeration of Mortality 
and Morbidity (POSSUM)  [7]. Ihemelandu 
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et  al. noted that the Eastern Cooperative 
Oncology Group (ECOG) performance status 
and Health-Related Quality of Life (HRQoL) 
measured by Functional Assessment of Cancer 
Therapy (FACT-C) questionnaire are valuable 
predictors of postoperative morbidity in patients 
undergoing major surgery [8]. ECOG status has 
been described as well as a useful tool in the 
preoperative assessment of patients undergoing 
pelvic exenteration  [9]. Preoperative physical 
fitness has also been identified as an independ-
ent predictor of surgical outcome. For this rea-
son, assessment of functional capacity before a 
major surgery is paramount. Cardiopulmonary 
exercise testing (CPET) is probably the most 
reliable, objective, and precise means of 
evaluating presurgical physical fitness and the 
physiologic reserve. This is a dynamic and non-
invasive assessment of the cardiorespiratory 
system at rest and under stress, integrating 
expired oxygen and carbon dioxide concentra-
tions with the measurement of ventilatory flow, 
thus deriving oxygen consumption (VO2) and 
carbon dioxide production (VCO2) under condi-
tions of varying physiologic stress imposed by a 
range of defined external workloads. Heart rate, 
oxygen saturations, blood pressure, and electro-
cardiogram are monitored simultaneously [10]. 
The most frequent mode of exercise used is 
cycle ergometry. CPET is the gold standard 
method of measuring aerobic capacity, predict-
ing postoperative outcomes, and identifying 
high-risk patients [11, 12]. Several studies and 
systematic reviews have demonstrated that 
CPET is a useful tool for preoperative risk strati-
fication in patients undergoing cardiac and 
non-cardiac surgery. Studies observe that lower 
VO2 peak and aerobic threshold (AT) indicate 
patients at increased risk of postoperative mor-
bidity  [13]. Alternative tests are six-minute 
walk tests, shuttle walking, and stair climbing.

Preoperative Optimization

Identification and correction of modifiable risk 
factors, like malnourishment or anemia, in the 
preoperative assessment can improve surgical 

outcomes. All these factors in addition to poor 
preoperative physical performance correlate 
with increased complications and mortality 
risk after major surgery  [2, 3, 12]. Figure  5.1 
shows a preoperative algorithm, including 
some of the risk factors that should be evalu-
ated. Assessment of preoperative functional 
capacity should be performed with CPET, if 
available, not only to identify those patients 
who may benefit from preoperative exercise 
training but also to prescribe the intensity of 
the program [14]. To get a good adherence to 
the exercise program, preferences and needs of 
patients have to be considered and led by a spe-
cialized physiotherapist. Some patients would 
require supervision in hospital rather than a 
home-based program  [2, 12]. Neoadjuvant 
therapies provide the opportunity to train 
patients before major cancer operations [10]. A 
recent systematic review supports the role of 
exercise training in patients undergoing neo-
adjuvant treatment [15]. Adherence rates were 
acceptable (66–96%), but the overall impact on 
HRQoL is still not known.

Anemia Management

Preoperative anemia in patients with cancer is 
multifactorial, with one-third of patients hav-
ing iron deficiency at presentation [3, 16]. The 
negative impact of preoperative anemia on 
surgical outcomes is well known. A multivari-
ate analysis of 39 309 patients undergoing 
major surgery showed that severe anemia was 
associated with higher in-hospital mortality 
(odds ratio (OR) 2.82, 95% confidence interval 
(CI) 2.06–3.85) and postoperative admission to 
intensive care (p < 0.001)  [17]. A systematic 
review and meta-analysis reported increased 
acute kidney injury and infection in patients 
with preoperative anemia  [18]. On the other 
hand, allogenic red cell transfusion, which 
occurs at a higher rate among anemic patients, 
is also associated with increased mortality and 
morbidity [3, 18]. Therefore, in order to reduce 
the risk of postoperative complications, it is 
necessary to correct anemia before surgery. 
Oral iron replacement is not always effective in 
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patients with cancer because of the time 
required for its efficacy and because its action 
is limited by the inflammation. Therefore the 
intravenous (IV) treatment option is the most 
indicated. A single dose of IV ferric carboxy-
maltose (15 mg/kg body weight) in patients 
with ferritin < 300 mcg/l, transferrin satura-
tion < 25%, and Hb < 12.0 g/dl for women and 
Hb < 13.0 g/dl for men has been shown to 
reduce the need of transfusion during major 
abdominal surgery in 60% of patients [16].

Optimization of Nutritional Status

Cancer-related malnutrition is multifactorial, 
including anorexia, nausea, vomiting, and 
metabolic disorders. It is not uncommon in 
patients undergoing major abdominal surgery. 
Although there is a lack of a standardized defi-
nition, it is well known that malnutrition is a 
significant risk factor of postoperative compli-
cations. Nutritional status can be measured 

using several tools. The gold standard for the 
American Society for Parenteral and Enteral 
Nutrition (ASPEN) is the Subjective Global 
Assessment (SGA), based on performance sta-
tus and physical examination. It is widely used, 
but the main disadvantage is the high interob-
server variability  [19]. In 2003, the European 
Society of Parenteral and Enteral Nutrition 
(ESPEN) adopted Nutritional Risk Screening 
2002 (NRS-2002) to screen patients for malnu-
trition in the hospital. NRS-2002 is based on 
oral food intake, weight loss, patient’s age, 
body mass index (BMI), and severity of under-
lying disease (Table 5.1) [4].

According to the ESPEN guidelines, a mini-
mum of seven days of preoperative nutritional 
support that provides at least 10 kcal/kg/day is 
considered adequate for patients who are 
nutritionally at risk (NRS score at least 3) [4]. 
Oral nutrition support with a standard whole 
protein formula enriched with immune modu-
lating substrates (arginine, ɷ-3 fatty acids, and 
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Figure 5.1  Preoperative care.
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nucleotides) is strongly recommended  [20]. 
Whenever feasible, enteral feeding should 
be  preferred to parenteral nutrition  [21]. 
Combination with parenteral nutrition may be 
considered in patients in whom 60% of caloric 
requirement cannot be achieved with the 
enteral route.

­Mechanical Bowel Preparation 
and Oral Antibiotic Prophylaxis

Mechanical bowel preparation (MBP) with con-
current oral antibiotics has recently been the 
subject of many trials. In North America this 
has been integrated into patient pathways [22]. 
A recent survey (2017) by the European Society 
of Coloproctology observed that only 16.8% of 

the European surgeons used oral antibiotics 
with MBP prior to rectal resection  [23]. This 
was largely attributable to the fact that most 
enhanced recovery protocols recommend 
avoiding MBP [24].

However, a French Research Group of 
Rectal Cancer Surgery (GRECCAR) multi-
center trial noted that patients undergoing 
elective rectal cancer surgery without MBP 
(retrograde enema and oral laxatives) had a 
higher risk of infectious complications (34% 
vs. 16%, p = 0.005) [25]. A meta-analysis of 38 
randomized clinical trials including 8458 
patients compared four preoperative manage-
ment strategies (MBP with oral antibiotics, 
oral antibiotics only, MBP only, or no prepara-
tion). The cohort of patients receiving only 
oral antibiotics had the lowest rate of surgical 

Table 5.1  Nutritional Risk Screening (based on NRS-2002) [4].

Impaired nutritional status Severity of disease

Absent – Score 0 Normal nutritional status Absent – Score 0 Normal nutritional 
requirements

Mild – Score 1 Weight loss > 5% in three 
months or food intake below 
50–75% of normal requirement 
in preceding week

Mild – Score 1 Chronic patients, in particular 
with acute complications: 
cirrhosis, chronic obstructive 
pulmonary disease (COPD), 
chronic hemodialysis, 
diabetes, oncology

Moderate – Score 2 Weight loss > 5% in two 
months or BMI 18.5–20.5 plus 
impaired general condition or 
food intake 25–60% of normal 
requirement in preceding week

Moderate –  
Score 2

Major abdominal surgery, 
severe pneumonia, 
hematologic malignancy

Severe – Score 3 Weight loss > 5% in one month 
(> 15% in three months) or 
BMI < 18.5 plus impaired 
general condition or food 
intake 0–25% of normal 
requirement in preceding week

Severe – Score 3 Intensive care patients 
(APACHE > 10)

Age If  70 years: add 1 to total 
score above

= Age-adjusted total score

Score  3: the patient is nutritionally at-risk and a nutritional care plan is initiated

Score < 3: weekly rescreening of the patient. If the patient, for instance, is scheduled for a major 
operation, a preventive nutritional care plan is considered to avoid the associated risk status
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site infection [26]. Several other studies have 
reported conflicting results [23, 27], and there 
remains several further prospective trials in 
progress.

­Thromboprophylaxis

Cancer patients undergoing a surgical proce-
dure have twice the risk of postoperative 
venous thromboembolism (VTE) and three-
fold risk of pulmonary embolism (PE)  [28]. 
Therefore the use of prophylaxis is vital in 
reducing VTE events. Among pharmacologi-
cal methods, low molecular weight heparin 
(LMWH) has some advantages to unfraction-
ated heparin (UFH), including the ease of 
administration and a lower risk of hemor-
rhage. For these reasons, LMWH is con
sidered the first choice  [28, 29]. In addition, 
the use of mechanical thromboprophylactic 
modalities such as compression stockings or 
intermittent pneumatic compression devices 
is advocated [28].

The enoxaparin and cancer (ENOXACAN) 
II multicenter trial observed a 60% reduction 
of VTE in cancer patients who received 
LMWH for extended duration (four weeks) 
compared to those only getting it for one week, 
without increased risk of bleeding  [29]. 

The  cancer, bemiparin, and surgery evalua-
tion (CANBESURE) trial also demonstrated a 
considerable relative risk reduction (82.4%) 
of  major VTE in having extended prophy-
laxis  [30]. As a result, the use of extended 
prophylaxis is becoming protocolized in many 
institutions.

­Stoma Education

Preoperative education helps reduce stoma-
related complications including peristomal 
skin irritation and pouch leakage, and overall 
improves quality of life [31]. Ultimately, it pro-
vides an opportunity to prepare patients for a 
stoma, helping acceptance of new body image 
and promoting self-care [31–36]. Person et al. 
evaluated the impact of preoperative stoma 
site marking on patients’ quality of life, inde-
pendence, and complication rates in a series of 
105 patients (60 permanent and 45 temporary 
stomas). The quality of life of patients whose 
stoma sites were educated preoperatively was 
significantly better [32]. Several trials and sys-
tematic reviews have demonstrated the posi-
tive impact of a structured stoma education 
program regarding length of hospital stay, 
psychosocial health, and overall healthcare 
expenditure [34–36]. 

Summary Box

●● A patient’s general physical condition is 
the most important determinant of post-
operative complications.

●● CPET is a reliable preoperative indicator, 
highlighting those at risk of surgical 
stress.

●● Preoperative optimization involves a mul-
tidisciplinary team of surgeons, anesthesi-
ologists, physiotherapists, stoma therapists, 
and dieticians.

●● A minimum of seven days of preoperative 
nutritional support providing at least 
10 kcal/kg/day is considered adequate for 
patients who are nutritionally at risk.

●● Preoperative stoma education, correction 
of anemia, and psychological support have 
a positive impact on postoperative quality 
of life.

●● Patients undergoing pelvic exenteration 
should receive extended VTE prophylaxis.
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Background

The role and techniques involved in pelvic 
exenteration have evolved significantly since 
first being reported. There is increased  
emphasis on perioperative risk and patient 
safety management  [1–4]. A surgical proce-
dure begins prior to the patient entering the 
operating room. Setup of both the equipment 
and layout of the operating room are key com-
ponents in the process of performing an oper-
ation and it should not be overlooked. The 
position of the patient is fundamental to 
ensuring a safe procedure is performed and 
should be done correctly prior to commencing 
the surgery. Patient positioning is extremely 
important as it impacts on operative access 
and anesthetic needs, and can reduce poten-
tial complications for the patient. Ultimate 
responsibility of patient position lies with the 
principal operator, although all surgical staff 
are responsible for ensuring that the position 
and safety of the patient is maintained 
throughout the procedure.

Minimally invasive surgery has led to signifi-
cant advancements in surgical technology. 
Robotic surgery has improved the dexterity of 
minimally invasive instruments, reducing 
shearing injury to tissues. Hand-held laparo-
scopic instruments have been reassessed in 

light of the robotic era and have forced manu-
facturers to redesign standard instruments. 
Traditional methods of suture ligating a vessel 
are challenging in deep pelvic surgery and 
have been aided by the use of energy devices, 
clips, and stapling devices.

This chapter examines the core aspects that 
ensure a safe and efficient pelvic exenteration. 
It highlights aspects of operative room setup to 
enhance workflow, and describes in detail the 
positioning of patients for this procedure and 
the potential pitfalls associated with them, 
along with the necessary surgical technology 
needed to ensure the procedure can be per-
formed effectively.

Operating Room Setup

Setup of the operating room is an important 
component in any surgical procedure and 
should be discussed with all members of the 
surgical team prior to commencing the opera-
tion. Ideally, operating rooms should be organ-
ized in a systematic manner to ensure efficiency 
and enhance workflow, both of which will con-
tribute to the overall success of the operation 
while reducing the total operative time [5, 6]. 
Complex pelvic surgery requires multiple sur-
gical teams with specific equipment, which 
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need to be accommodated in the operating 
room. Preoperative assessment of this equip-
ment is essential to ensure correct calibration 
and functionality  [6]. If a minimally invasive 
approach is the goal of exenterative surgery, 
provisions for backup equipment along with 
instruments for a quick conversion to an open 
operation need to be available. For these rea-
sons, planning and highlighting potential 
issues with all the surgical team is advised prior 
to commencing surgery.

General Room Setup

Although the majority of pelvic exenterations 
are performed in an open setting with dual sur-
gical teams, minimally invasive exenterations 
are becoming more feasible due to improve-
ments of preoperative management and plan-
ning  [7]. Sufficient space is needed to 
accommodate the patient on the operating table, 
anesthetic machines, adjuncts for performing 
laparoscopic surgery, and circulating theater 
staff. Ideally, having a single boom with insuffla-
tion, generators, and digital recording and print-
ing devices would declutter the operative field 
and allow free flow around the surgical table [8]. 
If feasible, carbon dioxide mains in theater pre-
vent the need for changing individual gas canis-
ters. Light cables, carbon dioxide tubing, and 
camera cords need to be secured to the bed and 
should be directed off the head of the bed in an 
organized fashion to avoid entanglement. 
Operative lights should be mounted to the ceil-
ing and be positioned above the surgical field to 
provide adequate visualization for the sur-
geon  [5]. A head light can be utilized in open 
pelvic exenteration, especially when dissecting 
deep in the pelvis.

The location and size of individual monitors 
is of extreme importance as it helps with 
the  ergonomics of the procedure. If possible, 
ceiling-mounted monitors relaying feedback 
of  the assistant’s camera along with any pre- 
or  intraoperative imaging obtained would 
again  improve the movement of the surgical 
team around the patient. Exenterative 

surgery  requires significant dissection, which 
influences the surgeon’s position at the table. 
Locating the monitors in minimally invasive 
pelvic exenteration opposite the principal sur-
geon improves the ergonomics and reduces the 
strain on the surgeon. Monitor visualization 
for the assistant is also important so that the 
operative field can be kept focused and in view 
at all times [5, 8].

The position of the surgeon during pelvic 
exenteration is dynamic and requires constant 
repositioning of the surgical team, especially the 
scrub nurse. It is important to place the scrub 
nurse, instrument table, and mayo stand at the 
end of the table, either to the right or left foot [6]. 
Elevated mayo stands can be utilized and posi-
tioned over the patient to aid in instrument 
selection and provide extra space during the pro-
cedure. During the abdominal approach the 
scrub nurse can be positioned either at the foot 
of the bed or in between the patient’s legs to 
allow space for the surgeon and assistant to per-
form the operation. However, with both an 
abdominal and perineal approach being imple-
mented at the same time, two scrub nurses with 
independent instrument tables are needed [6, 9].

Adjuncts to Operating Room Setup

Urological stenting along with other intraopera-
tive imaging may be required during pelvic 
exenteration. Adequate space for a mobile 
C-arm and monitors to display the images needs 
to be integrated into the operating room setup. 
The advent of the “hybrid” operating theater 
has eased the integration of both surgical and 
interventional procedures in pelvic exentera-
tion. While mobile C-arms are the mainstay in 
operating theaters currently, there is a need for 
more advanced and definitive imaging (com-
puted tomography (CT) and magnetic reso-
nance imaging (MRI)) in the operating theater, 
especially in advanced pelvic surgery. Hybrid 
theaters combine surgical, radiological, and 
interventional capabilities, allowing intra- and 
postoperative on table imaging and interven-
tion, further streamlining patient care  [10]. 



Patient Positioning and Surgical Technology54

Hybrid theaters facilitate orthopedic, urologi-
cal, and vascular colleagues in the one theater, 
significantly improving the efficiency of the 
operation. However, in order to facilitate a 
hybrid-operating theater, special consideration 
for radiation safety, audio visual systems, imag-
ining technology, costs, and sterility issues need 
to be addressed early [10]. Hybrid theaters also 
accommodate the use of intraoperative radia-
tion therapy. This concept has been explored in 
the area of pelvic exenteration, with only a few 
centers implementing this approach. While 
results are conflicting, accommodation of this 
intervention may be needed in operating theat-
ers in the future [11–13].

Robotic Room Setup

Robotic approaches to colorectal surgery have 
gained recognition in recent years and have 
recently extended into the field of pelvic exen-
teration. Operating room setup is more compli-
cated for robotic surgery and requires complex 
and expensive equipment. There are a number 
of core principles in setting up and positioning 
a patient in robotic surgery compared to open 
or laparoscopic approaches. Again, it is impor-
tant to discuss all aspects of the procedure 
prior to commencing the setup of a robotic sur-
gery. A dedicated robotic team is extremely 
important as they will have a clear understand-
ing of the setup process and will be able to 
identify and alleviate any technical problems 
encountered [14]. Well-trained staff in equip-
ment setup, patient positioning, docking, and 
technical malfunctions will increase the effi-
ciency of the operation and reduce anesthetic 
times [15].

A standard robotic system consists of four 
main components: (i) the patient cart, (ii) sur-
geon console, (iii) vision cart, and (iv) instru-
mentation  [16]. The patient cart consists of 
remote manipulator arms which are controlled 
by the surgeon console. It mimics the sur-
geon’s movements and is capable of perform-
ing tasks such as cutting, grasping, suturing, 
and electrocautery  [14, 16]. The patient 

console is draped in a sterile fashion and is 
united with the sterile field of the patient for 
the operation. A large operating theater is 
needed in order to drape the patient console 
without running the risk of contamination. 
The surgeon console is where the instruments 
are controlled and allow the surgeon to visual-
ize the operation and communicate with the 
surgical team. The surgeon console is located 
outside the sterile field; however, the principal 
operator must be able to see the operating 
table at all times  [16]. Dual console systems 
are available on newer robotic models. 
Operating theater rooms with adequate space 
are a must and provisions should be drawn up 
for this. The visualization cart allows a direct 
view of the surgical field in a 3D fashion [14]. 
It is again positioned outside the surgical ster-
ile field but needs to be easily seen by the first 
assistant and scrub nurse. The instruments 
make up the last core component of the robotic 
system. Instruments have been adapted from 
laparoscopic equipment and provide the sur-
geon with a full range of motion and dexterity 
to perform the operation.

The setup of the robotic system is challenging 
and time consuming; however, improvement in 
setup times is seen with increased case numbers 
and trained staff. Prior to the patient entering 
the operating room and docking, the robotic 
system needs to be calibrated. Systematic place-
ment of each component of the robotic system 
in the operating room is extremely important in 
performing this operation. The patient console 
should be positioned in a dedicated spot that 
allows easy and short access to the operating 
table in order to decrease the risk of robotic 
damage and contamination during dock-
ing [14]. Docking for pelvic exenteration usually 
occurs over the right hip, but the newer version 
of the robot (Si) allows for repositioning with-
out the need to undock. Care must be taken 
when docking the robot to ensure no harm is 
done to the patient, especially when the patient’s 
legs are in stirrups [14, 17]. Correct port place-
ment is vital to limit external and internal colli-
sions of the instruments. Furthermore, 
provisions should be made for an emergency 
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undocking and conversion to laparotomy [15]. 
Following the completion of the robotic phase 
of the operation, undocking in a safe manner is 
also highly important. Instruments should be 
removed under direct vision with the robotic 
arms undocked systematically. Care must be 
taken when removing the robot from the patient 
to prevent damage to the robot and contamina-
tion, as redocking may be needed by the sur-
geon at a later point in the operation [14, 16].

Patient Positioning

The position of the patient is fundamental to 
ensuring a safe procedure is performed and 
should be undertaken correctly prior to com-
mencing surgery. Patient positioning impacts on 
operative access and visualization, anesthetic 
needs, and potential comfort and complications 
for the patient. This is especially true in pelvic 
exenteration when dual surgical teams are per-
forming the operation. Ultimate responsibility of 
patient position lies with the principal operator, 
although all surgical staff are responsible for 
ensuring that the position and safety of the 
patient is maintained throughout the procedure.

Modified Lloyd-Davies

A modified Lloyd-Davies (lithotomy–
Trendelenburg position) approach is the most 
common position encountered in pelvic exenter-
ative surgery  [2, 11]. Patients are placed in a 
supine position, with provisions being made for 
sacrectomy. The patient’s coccyx should hang 
just off the bed with either a rolled-up towel/pad-
ding or a 2-l bag of saline underneath the patient’s 
lumbar spine to elevate the distal sacrum  [11]. 
The hips are extended and knees flexed to 45° 
and slightly abducted with supporting equip-
ment for the calves  [18]. Ideally, Allen stirrups 
are used where the lower limbs are placed in a 
casing protected by soft material and adjustable 
strapping. These stirrups aid in repositioning 
during surgery, support the base of the foot, are 
more physiological, and reduce the possibility of 
complications associated with other forms of leg 

supports. It is imperative that padding is used in 
these stirrups to provide support and comfort to 
the patient while preventing complications. 
Pneumatic compression stockings providing 
intermittent compression to the legs are impor-
tant to prevent venous stasis and thrombosis 
when the legs are elevated [6]. The ankle, knee, 
and shoulder should all be aligned in the final 
positioning of the patient. Arms should be tucked 
in all cases either against the body or in abduc-
tion [5]. Padding should be used to protect pres-
sure points, with careful attention to the degree 
of abduction to prevent overextension of the bra-
chial plexus. Consultation with the anesthetics 
team is important to prevent issues with access to 
intravenous (IV) lines and monitoring [18].

To aid in surgical dissection and visualization 
of the pelvis, patients can be tilted into a 
Trendelenburg position or laterally during the 
procedure. To ensure that patients do not move 
or slide on the table, straps and specific secur-
ing mats can be used to ensure patient safety. 
Straps across the chest along with shoulder 
supports may be utilized to prevent cephalic 
and lateral movement of patients. Careful 
placement of these devices with padding is 
important to avoid compressing neurovascular 
structures  [5, 6, 9, 18, 19]. Furthermore, they 
should not interfere with bear-hugger equip-
ment keeping the patient warm during the pro-
cedure. Newer forms of securing the patient to 
the bed have been developed more recently. Gel 
mats placed under the patient prevent the 
patient from sliding and have the added advan-
tage of being doubled up and placed at the lum-
bar region to elevate the sacrum. Bean-bag-type 
mats have also become available [2, 6]. A suc-
tion device hardens these mats which molds it 
around the patient’s body, preventing sliding 
and injury to the patient.

When the patient is fully positioned on the 
table and after induction of anesthesia, an oro-
gastric or nasogastric tube can be placed to 
decompress the stomach, while a Foley urinary 
catheter with/without a temperature probe 
should be placed to monitor urinary output 
and prevent inadvertent damage to the bladder 
intraoperatively [6].
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Jackknife Prone

The challenging issue in positioning patients 
for pelvic exenteration occurs when the sacrum 
is involved in the disease process. Sacrectomy 
is usually performed in the jackknife prone 
position following the completion of the 
abdominal and perineal phase [20, 21]. While 
this position allows excellent access to the 
sacrum, it is time consuming transferring the 
patient intraoperatively and loss of vascular 
control in the abdomen can occur [22].

Controlling the patient’s neck and airway is 
extremely important in transferring the patient 
into this position. Pillows are placed on the table 
for positioning under the patient prior to trans-
ferring them: one under the chest should be 
small enough to prevent respiratory compro-
mise and one under the pelvis below the hips 
should expose the perineal region [18]. The table 
is split, with the patient’s legs pointing toward 
the floor, again to provide better exposure to the 
perineal region. Taping of the buttocks improves 
visualization during the procedure. A pillow can 
also be placed under the ankles to prevent com-
pression and flexion of the feet. The head is posi-
tioned lower than the heart and can be either 
positioned to one side or placed in a ring to 
relieve pressure and ensure adequate ventilation 
is being delivered. Care is needed to ensure acci-
dental extubation does not occur. The arms can 
be tucked in against the body or put in extension 
around the head [18].

Solomon et al. recently described an alterna-
tive approach to a prone sacrectomy, especially 
when the lower sacrum is involved (S3 and 
below). Patients are positioned in the preferred 
modified Lloyd-Davies position as previously 
described with elevation and floating of the 
sacrum off the bed. Sacrectomy is then per-
formed through an abdominal and perineal 
approach, with excellent results being 
seen [22]. This approach allows better access to 
the lateral compartment of the pelvis, which 
will aid in vessel control, identification, and 
dissection of important structures, especially 
the sciatic nerve. Furthermore, this approach 
will help the reconstructive phase of the peri-

neum and avoid the anesthetic challenges 
associated with a prone approach [22].

Complications Associated with Patient 
Positioning

Patient position and physiological aspects of 
the procedure can cause unwanted complica-
tions in pelvic exenterative surgery. Identifying 
risks factors early may prevent complications 
or reduce the impact these complications have 
on patients.

Compartment syndrome is a feared and sig-
nificant complication in pelvic surgery. 
Increased hydrostatic pressure in the central 
compartments in the lower limbs leads to 
accumulation of edema in the tissue, resulting 
in increased capillary pressure, changes in vas-
cular permeability, and altered venous return 
and arterial flow. Ultimately this leads to mus-
cle ischemia and secondary necrosis of the tis-
sue  [18, 23]. Numerous factors have been 
attributed to its development, including posi-
tioning of the legs, the type of leg support used, 
epidural analgesia, and the duration of sur-
gery  [23, 24]. Patient factors play a role too, 
with a raised body mass index (BMI), gender, 
age, and previous arterial disease contributing 
to its development [18]. Patients experiencing 
increased pain, weakness, and sensory issues 
in the lower limbs should be suspected of hav-
ing compartment syndrome. A fascicotomy in 
the early phase of disease progression can save 
the patient from an amputation. Correct posi-
tioning of the patient is extremely important in 
order to prevent the development of compart-
ment syndrome. In a Trendelenberg position, 
placing the calves lower than the right atrium 
without extreme angulation of the hips is help-
ful, along with avoiding hypotension intraop-
eratively, ensuring nothing is resting on the 
legs, and letting the legs out of the supports in 
prolonged procedures can help reduce the inci-
dence of this complication [23].

Nerve injuries are seen in up to 2% of pelvic 
surgeries; however, the majority tend to 
resolve  [25]. Both compressive and stretching 
injuries occur in varying degrees and can be 
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prevented by having patients in a neutral posi-
tion, ensuring adequate padding is applied to 
pressure points and avoiding long surgeries [26, 
27]. Compression of the common peroneal 
nerve (lateral to the head of the fibula) while the 
patient’s legs are in stirrups can lead to foot drop 
and club foot in patients [18]. Compression and 
extension of the sciatic nerve leads to weakness 
or paralysis of the muscles below the knee, 
while abducting the hip > 30° can damage the 
obturator nerve. Simultaneous flexion of the 
hips while positioning the patient may help in 
reducing these injuries. The femoral nerve can 
be damaged by retraction or flexion of the hip 
and compression of the nerve in the inguinal 
region. This will lead to decreased sensation in 
the anterior and medial side of the thigh and 
weakness of the quadriceps muscle. Injuries to 
the brachial plexus and ulnar nerve are uncom-
mon in pelvic surgery and tend to resolve soon 
after the injury is encountered [18, 25].

Venous thromboembolisms are commonly 
encountered following pelvic surgery. Patient 
position, pneumoperitoneum in laparoscopic 
surgery, and disease factors all contribute to 
developing venous thromboembolism (VTE) 
in pelvic surgery [28, 29]. Pneumoperitoneum 
and a Trendelenberg position increase preload 
and intra-abdominal pressure which put 
increased pressure on the respiratory system 
and myocardial oxygen requirements [18, 30]. 
Reverting to a supine position when possible 
and reducing intra-abdominal pressure can 
resolve these issues gradually. Furthermore, 
the use of pneumatic compression stockings 
will increase venous return in the legs, reduc-
ing the incidence of VTE [31].

Surgical Equipment and Energy 
Devices

Numerous devices exist currently to ensure 
safe dissection, hemostasis, and reconstruction 
in surgery. All members of the exenterative 
process should understand the basic function 
of each device used during the procedure. To 
aid in wound protection and visualization in 
the abdominal phase, an Alexis™ (Applied 

Medical) wound retractor can be used in open 
exenterations, while a Lone Star™ (Cooper 
Surgical) retractor can help with visualization 
in the perineal phase  [32]. Stapling devices, 
both linear and circular, can aid in transection 
of the bowel and anastomosis, while providing 
vessel ligation in certain instances. This too is 
true for clip applicators that provide quick 
hemostasis for small vessels. Osteotomes 
should be on hand in cases where sacrectomy 
is being performed [2, 11, 22].

Visualization in pelvic surgery can be difficult 
and is aided by adequate hemostasis and main-
taining the embryological planes of dissection. 
The rapid developments of monopolar, bipolar, 
and ultrasonic energy devices have overtaken tra-
ditional methods of hemostasis by suture ligation.

Monopolar devices require an electrode pad to 
be placed on a patient in order to facilitate a 
closed electrical circuit for dissection. Monopolar 
devices such as hand or hook diathermy achieve 
dissection and hemostasis in a cutting or coagu-
lation process  [33]. While monopolar devices 
provide rapid hemostasis, a complete and intact 
energy circuit is required to ensure it functions 
properly. Understanding the relationship 
between current density and tissue heating is 
important as tissues can be heated far from where 
the current is applied. Lateral thermal spread 
should be considered when applying the energy 
settings to the generator to ensure that critical 
structures adjacent to the point of dissection are 
not compromised  [34, 35]. Caution should be 
taken in patients with implanted defibrillators 
and pacemakers to prevent tissue damage in 
unwanted regions, especially if the implant cre-
ates an alternative electrical circuit [36].

Bipolar devices rely on electrodes in close 
proximity, and thus the effect on the patient’s 
tissue is local and requires less power to affect 
tissues compared to monopolar devices. 
Grasping tissues between the teeth of the device 
provides a current between the tissue and the 
electrodes to provide local dissection  [33]. 
Furthermore, bipolar devices have the added 
advantage of sealing vessels up to 7 mm in 
diameter (LigaSure™, Covidien; and Enseal™, 
Ethicon) [19]. By grasping the tissue and apply-
ing an energy source, both physical pressure 
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and electrothermal energy are delivered to the 
tissue. Ultimately, denaturing of the elastin and 
collagen of the vessels occurs, ensuring a seal-
ing effect. A feedback mechanism is installed on 
the device to measure the density of the tissue 
and provide adequate electrothermal energy. A 
built-in cutting device is used to transect the 
planes once the vessel is sealed and the blunt tip 
to the device facilitates blunt dissection of tis-
sues  [34]. Compared with monopolar devices, 
bipolar electrosurgery devices have been shown 
to be faster at tissue dissection, to be better at 
vessel sealing, encounter less blood loss, and are 
more cost-effective [33].

Ultrasonic energy devices such as the 
Harmonic™ (Ethicon) and SonSurg™ 
(Olympus) use low-frequency mechanical 
vibrations (ultrasonic energy 20–60 kHz) to per-
form tissue cutting and coagulation  [37]. 
Piezoelectric transducers located in the device 
convert electrical energy to mechanical vibra-
tion which is transferred to the blades of the 
device  [33]. Ultimately, this induces protein 
denaturation by breaking down hydrogen bonds 
in the tissue  [38]. The cutting effect of ultra-
sonic devices is achieved based on the protein 
density of the tissues. High-protein-dense tis-
sues rely on mechanical stretching of the tissue 
beyond its elastic capacity, whereas low-density 
proteins rely on cell rupture from vaporization 

of intracellular water [33]. A mist is produced 
due to cavitation effect; however, no smoke is 
produced and no active energy is transmitted 
into the tissue, which gives it an advantage over 
alternative energy sources  [33]. Ultrasonic 
devices have an active blade that can be rotated 
and an area approved for sealing vessels up to 
7 mm; however, studies have questioned their 
reliability at sealing large vessels  [39]. Built-in 
mechanisms including power settings at the 
generator, degree of activation at the device 
(minimum or maximum), and degree of tension 
on tissues will determine the spectrum of coag-
ulation or cutting the device will achieve. 
Compared to electrosurgical devices, ultrasonic 
devices are slower at coagulating tissues and 
produce higher temperatures, which can cause 
damage to tissues that come into contact with 
the blades after dissection is performed [33].

More recently, the Thunderbeat™ device has 
been introduced to the market as a single mul-
tifunctional device providing dual ultrasonic 
and bipolar energy [40]. This dual device has 
the added advantages of both providing the 
dissection aspects of ultrasound and benefiting 
from the sealing vessels up to 7 mm. This 
device has been shown to improve dissection 
and vessel sealing time, while reducing lateral 
thermal spread, reducing its impact on adja-
cent tissues [40].

Summary Box

●● Pelvic exenterative surgery is complex. 
Operative room setup and patient posi-
tioning is the ultimate responsibility of the 
principal operator.

●● Minimally invasive pelvic exenteration is 
becoming more popular. Monitor and 
boom setup are extremely important to 
facilitate good ergonomics and enhance 
workflow, all of which will contribute to 
the overall success of the operation while 
reducing the total operative time.

●● A modified Lloyd-Davies (lithotomy–
Trendelenburg position) approach is the 
most common position encountered in 
pelvic exenterative surgery, with sacrec-

tomy being feasible through an abdominal 
and pelvic approach.

●● Patient position and physiological aspects 
of the procedure can cause unwanted 
complications in pelvic exenterative sur-
gery. Identifying risk factors early may pre-
vent complications or reduce the impact 
these complications have on patients.

●● Visualization in pelvic surgery can be dif-
ficult and is aided by adequate hemostasis 
and maintaining the embryological planes 
of dissection. The rapid developments of 
monopolar, bipolar, and ultrasonic energy 
devices have overtaken traditional meth-
ods of hemostasis by suture ligation.
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Background

Despite improved preoperative staging and 
neoadjuvant therapies, the final assessment of 
operability of advanced pelvic neoplasms is 
made at the time of surgery. Unexpected intra-
operative findings occur, and the exenterative 
surgeon must have a clear strategy for dealing 
with these. Even when staging is accurate, the 
challenge of exenterative surgery requires sur-
geons to think strategically when performing 
multivisceral resections in situations where 
the pelvis has had prior surgery or radiation. 
Additionally, non-tumor-related factors may 
limit or affect the technical resectability of an 
advanced pelvic malignancy. A failure to pro-
ceed, a suboptimal excision, or an irretrievable 
situation can rapidly occur if insufficient plan-
ning or hasty decisions at time of surgery are 
made. Therefore an appropriate and methodi-
cal approach to intraoperative assessment of 
resectability and surgical strategy are required.

The Preoperative Phase

Planning

Multidisciplinary Team
Successful management of advanced pelvic 
malignancy begins with the multidisciplinary 

team (MDT). Most non-specialist MDTs 
discuss a relatively low volume of patients 
with locally advanced primary or recurrent 
pelvic cancer and collaborative groups have 
recommended that all advanced pelvic malig-
nancies should be discussed in a superspecial-
ized MDT [1, 2]. This MDT needs to include 
specialists from a broad spectrum, drawing 
upon expertise on a case-by-case basis for 
multivisceral or radical resections. An MDT 
undertaking pelvic exenterative surgery 
should bring together colorectal surgeons and 
oncologists with colleagues in urology, 
gynecologic oncology, and plastic-reconstruc-
tive, vascular, and orthopedic surgery; a prac-
tice now well established in most centres 
dealing with complex cases.

The aim of the superspecialist MDT is to pro-
vide expertise in managing these particularly 
challenging cases, fostering a high-volume 
and   high-quality, evidence-based service [3]. 
Currently, much of the published evidence 
supporting exenterative approaches is limited 
to single-center experiences, and consensus 
across the community of MDTs is lacking. 
Even standard definitions of what constitutes 
exenterative surgery are poorly defined, under-
mining the evidence base. Overcoming this 
challenge is one of the key objectives of the 
PelvEx Collaborative [4, 5].
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Operating Environment
Pelvic exenterative surgery is frequently ardu-
ous and complex, and with significant intraop-
erative risk [6, 7]. Operative time typically 
exceeds six hours and can involve personnel 
changes in operating teams, anesthetists, 
and  theater nursing staff. Specialist services 
such as cell salvage, intraoperative radiography 
and fluoroscopy, intraoperative radiotherapy 
(IORT), and frozen section all need to be orches-
trated in order to facilitate the efficient running 
of the operation. There are two critical elements 
to ensuring the smooth running of such a com-
plex operation: planning and leadership.

Adequate foresight of what may be required 
during surgery for advanced pelvic malignancy 
allows specialists from a range of services to 
be  available for planned, or on occasion 
unexpected elements of a complex procedure. 
Anticipating the challenges of a bespoke 
patient-specific approach to advanced pelvic 
disease must include strategies for overcoming 
them. The requirement for turning the patient 
prone or supine during the procedure, expo-
sure for flap harvesting, or gaining vascular 
access for bypass must all be anticipated 
in  advance of beginning such a procedure. 
On-the-fly adjustments will lead to increased 
operating times and significant avoidable 
intraoperative duress, if not operative compro-
mises and suboptimal oncological outcomes 
[8]. Expertise in deploying medical technolo-
gies is crucial in the planning stage, ranging 
from ensuring the correct number, size, and 
type of abdominal wall meshes or vascular 
grafts are available, through to the application 
of laparoscopic (and increasingly robotic) plat-
forms. Each of these considerations can be 
facilitated by the organizational behavior of 
the unit in which the MDT is embedded, and 
the subsequent governance of and integration 
of MDT practices to care [9].

The orchestration of complex exenterative 
procedures should be led by the clinician 
responsible for the patient’s care acting as the 
hub within a web of professionals centered 
upon the patient and their procedure. It is no 

longer appropriate that this surgeon is a stand-
alone operator who should perform every 
element of the procedure, although the over-
arching responsibility remains with them and 
they should have intimate working knowledge 
and experience of every component.

Personnel
A broad pool of expertise is required to opti-
mally perform exenterative surgery. When 
considering intraoperative decision-making 
and operative strategy there are three tiers of 
service required for delivery of an effective 
service: the core teams, regular participants, 
and occasional contributors. The personnel 
required to execute a procedure for advanced 
pelvic malignancy will depend on the nature 
and extent of the disease, the planned proce-
dure, and to a certain degree the expertise 
available at a particular center. The primary 
principle of this statement is that if a center 
does not have the expertise required to per-
form a particular element of the planned pro-
cedure (remembering that the core principle 
of exenterative surgery is achieving an R0 
resection) then it should not be undertaking 
it. The exceptions to this principle are where 
expertise may be brought in on a case-by-case 
basis to facilitate a procedure, during the 
development of a superspecialist center where 
there is limited previous experience and a 
learning curve is to be anticipated (and miti-
gated), or during development of novel 
approaches where there is no prior expertise 
[10]. Additionally, there will unfortunately 
always be cases where additional expertise 
will be required due to an unintended compli-
cation, or an unexpected scenario, although 
these should be limited by adequate planning 
and anticipation.

Core Teams
The core operating teams required to undertake 
exenterative surgery are tripartite  –  surgical, 
anesthetic, and theater – led by the triumvirate 
of consultant surgeon, consultant anesthetist, 
and theater nursing lead. Each team should 
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then comprise individuals with expertise in 
surgery for advanced pelvic malignancy. The 
constituents of teams described here are not 
absolute requirements but designed as a guide 
to what is required to undertake this demand-
ing surgery, and to serve as a framework to 
consider if sufficient expertise is available to 
proceed [11].

As a minimum, the core operating team 
should comprise the consultant surgeon with 
a specialist practice in exenterative surgery 
and assistants, a senior anesthetist, and an 
experienced theater scrub team. Developing 
expertise in each of these teams is important 
in delivering an effective and safe service. To 
this end, the importance of regular and relia-
ble rostering of staff to participate in this sur-
gery cannot be emphasized enough, as is the 
role of specialist education and fellowship 
programs.

Regular Participants
Beyond the core teams, additional services 
should be available either as planned contrib-
utors or as failsafes for managing the unex-
pected. Those teams who are frequently 
required to deliver care for patients undergo-
ing exenteration may be considered as regu-
lar participants and are integral to service 
delivery. The main constituent specialities in 
this category are urology, gynecology, plastic-
reconstructive surgery, and intensive care. In 
planning procedures utilizing teams from 
this category, it is important that they are 
available throughout the procedure and 
have  been involved with the MDT decision-
making preoperatively. Although essential to 
the operation, regular participants commonly 
will only be required for portions of the 
procedure.

Advanced pelvic malignancies by definition 
involve structures beyond the classical system-
specific planes of excision, involving adjacent 
organ systems and structures of the pelvis. 
Most frequently, the reproductive and genitou-
rinary systems are involved, depending on 
tumor origin and biology, gender of the patient, 

and previous surgeries, and thus system-spe-
cific surgical expertise should be available to 
facilitate exenteration or to aid in managing 
composite resections. The completion of a cys-
tectomy and construction of ileal conduit, for 
example, should be performed by specialist 
urologists, as should en-bloc prostatectomy 
and reconstruction [12, 13]. Similarly, radical 
total abdominal hysterectomy with or without 
bilateral salpingo-oophorectomy (TAHBSO) 
should be performed by or under the guidance 
of a gynecologist, especially when considering 
the care of women of childbearing age [14, 15]. 
Although minor excisions of adjacent struc-
tures are commonly employed by non-special-
ist surgeons to achieve a complete excision of 
locally advanced tumors (such as taking por-
tions of the posterior wall of the vagina or 
dome of the bladder), this practice should not 
be considered where specialist expertise is not 
available should difficulties be encountered, or 
for surgeons not commonly managing locally 
advanced disease.

The use of plastic-reconstructive techniques 
to facilitate radical excisions is the accepted 
standard of care, and the availability of plastic 
surgeons with expertise to provide planned 
soft-tissue reconstruction, particularly of the 
perineum, should be considered for every 
patient undergoing surgery for advanced pel-
vic malignancy [16–18]. Not every patient will 
require reconstruction, but the availability of 
expertise is essential in adequate planning or 
in the uncommon events of delayed recon-
struction due to failed primary closure [19, 20].

A requirement to undertaking exenterative 
surgery is the availability of intensive care or 
high-dependency care input. Generally speak-
ing, few patients require level III care follow-
ing uncomplicated exenterative surgery, 
although a significant proportion require step-
down care on a level II or equivalent unit for 
the immediate 24–48 hours post surgery [21]. 
A small number of units electively admit intu-
bated and ventilated patients to level III care 
overnight as part of a two-stage procedure, but 
this is not widespread practice.
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Occasional Contributors
The technical limitations of surgery for 
advanced pelvic malignancy are constantly 
under review as both the techniques and evi-
dence base for increasingly radical resections 
grow. However, an increasing number of pro-
cedures intervening on the bony pelvis and 
major neurovascular structures are being per-
formed in highly specialized centers. This drive 
to operate into “higher and wider” planes nat-
urally should bring in the expertise of surgeons 
not commonly involved in surgery for pelvic 
malignancy on a limited case-by-case basis, 
namely vascular and orthopedic surgery [22]. 
This group of surgeons may be considered as 
the occasional contributors, as (currently) the 
indications for and patients suitable for these 
interventions are limited. Additionally, there 
will be unforeseen circumstances where input 
from these specialities will be required.

The role of vascular surgeons in surgery for 
advanced pelvic malignancy has traditionally 
been to stop unexpected or uncontrollable 
bleeding. However, with wider and more radi-
cal resections there is a role for elective recon-
struction of major infra-aortic vessels following 
resection of advanced tumors of the pelvic 
sidewall (addressed in Chapter  12) [23, 24]. 
There is also an occasional role for vascular 
surgeons in approaches to the retroperitoneum 
for isolated or oligometastatic disease of the 
para-aortic nodes, although the evidence base 
for this is as yet inconclusive [25].

The potential contribution to pelvic exentera-
tive surgery of orthopedic surgeons and bone-
specific techniques may be underestimated. 
Resections of the low sacrum and coccyx form 
an integral part of surgery for locally advanced 
or recurrent rectal cancers and are frequently 
performed routinely by colorectal surgeons. 
As  planes of excision have extended, increas-
ingly adventurous bony excisions have been 
undertaken in a small number of centers with 
success [26, 27]. However, within the sphere of 
pelvic bony sarcoma surgery, increasingly com-
plex, radical, and successful resections are being 
undertaken (see Chapters 11, 12, and 13) [3]. 

Whether these can be translated into viable 
options for pelvic exenterative surgery for  
non-sarcoma pathology is as yet unproven, 
although increasingly specialist orthopedic sur-
geons should be considered part of the wider 
MDT [28].

The Intraoperative Stage

Once the patient has reached the operating 
table the final assessment of operability and 
operative strategy must be decided based upon 
the intraoperative findings. This element of 
decision-making is grounded in the preopera-
tive assessments, planning, and consent pro-
cess, and should always refer back to these 
preceding steps [29]. The assessment can be 
broken-down into three stages: external exami-
nation, general laparotomy, and the pelvis. 
Each stage presents an opportunity to recon-
sider the operative strategy, or halt an 
attempted resection before an unrecoverable 
scenario unfolds. It may be beneficial to con-
sider a checklist of criteria that would alter 
your decision-making (Table  7.1). Ultimately, 
the goal of exenterative surgery is to achieve 
R0 resection whilst preserving as much func-
tion as possible, and every decision must be 
taken with this in mind.

Table 7.1   Checkpoints for proceeding at 
the intraoperative stage.

●● Metastatic disease (peritoneal/omental/liver/
para-aortic disease)

●● Extent of small bowel involvement (short 
bowel syndrome)

●● Height of sacral involvement (unstable pelvis/
hemorrhage)

●● Sidewall fixity (hemorrhage and neurological 
deficit)

●● At point of causing tumor or adjacent organ 
ischemia (mesenteric vessel division)

●● At point of potential massive hemorrhage
●● Presacral veins
●● Iliac vein/artery trunk/branches
●● Prostatic dorsal venous complex
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External Examination

Initial assessment begins with an abdominal 
examination with the patient asleep and para-
lyzed. The presence of an unexpected mass or 
ascites suggesting tumor progression or 
metastasis presents an opportunity to con-
sider the likelihood of complete resection. At 
this point an assessment should also be made 
of the abdominal wall, such as the presence of 
previous scars or stoma sites. This step is 
essential in planning the optimal incision and 
in decision-making regarding the harvesting 
of flaps for reconstruction. Inappropriate inci-
sions risk limiting pelvic access, damaging tis-
sues/abdominal wall blood supply that may 
otherwise have been suitable for reconstruc-
tion, or complicating stoma siting, or result in 
abdominal wall failure and hernia formation.

A rectal and/or vaginal (bimanual) exami-
nation should then be performed. These 
examinations are primarily focused on assess-
ing local tumor fixity, indicating direct inva-
sion, and the likelihood of adjacent organ 
involvement [30]. Examination under anes-
thesia also gives the surgeon a 3D mental 
image of the disease and anticipated required 
surgical resection. The examination may need 
to be augmented with flexible cystoscopy or 
sigmoidoscopy. Fixity to bony landmarks such 
as the pubis, sacrum/coccyx, and sidewalls 
indicates bony infiltration, or at least involve-
ment of the periosteum, and should raise the 
question of technical resectability, whether 
orthopedic input is required, or whether the 
patient is willing to accept the potential mor-
bidity of a bony resection. If sacral resection is 
planned, which approach should be under-
take first and the orchestration of turning 
the   patient during the procedure should be 
considered.

Staging laparoscopy is not currently rou-
tinely undertaken in the context of advanced 
pelvic tumors of colorectal origin due to the 
infrequency of peritoneal spread, and lack of 
evidence that it changes management, but 
some centers do perform this step.

General Laparotomy

If a vertical rectus abdomino-myocutaneous 
flap is planned then consideration should be 
given to a fascia-preserving incision to facili-
tate subsequent abdominal closure after flap 
harvest. Once the patient’s abdomen is open it 
is important to systematically examine each 
compartment of the abdomen, beginning away 
from the pelvis. During this examination the 
presence of distant disease relating to the pri-
mary cancer should be detected, as well as 
coinciding unrelated disease. Particular atten-
tion should be paid to disease factors that 
would preclude or significantly modify the 
operative strategy. The presence of metastatic 
disease, particularly if there is widespread per-
itoneal and/or omental involvement, would 
normally present an absolute contraindication 
to proceeding (see Chapter  14 for further 
detail) [31–33]. The presence of unexpected 
multiple liver metastasis is also normally con-
sidered an absolute contraindication to pro-
ceeding, although, ultimately, if the patient is 
suitable for chemotherapy, these may them-
selves become operable and thus the pelvic 
tumor also potentially operable [34, 35]. There 
are of course a limited number of patients with 
locally advanced or locally recurrent cancers 
who have known isolated or oligometastatic 
liver disease who will undergo simultaneous 
or delayed liver metastasectomy/formal liver 
resection.

Another frequent consideration when 
assessing the operability of an advanced pelvic 
malignancy, especially in cases of recurrent 
disease and an empty pelvis, is the involve-
ment of small bowel. Although not a common 
site for metastasis, small bowel frequently 
becomes locally infiltrated by pelvic disease 
requiring en-bloc resection. Often a decision to 
resect, a small bowel loop adherent to a pelvic 
mass is needed as one of the first steps in pelvic 
dissection. Vascular division of the small bowel 
mesentery in this setting is a relative point of 
no return and therefore should only be per-
formed when the surgical team is comfortable 
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that there is a reasonable chance of performing 
an R0 resection of the pelvic disease. Frequently 
it is a terminal ileal loop that is tethered in the 
pelvis; in this scenario, if urinary diversion 
with an ileal conduit is planned, the conduit 
can be harvested from the small bowel adja-
cent to the resection. This approach affords the 
benefit of a single small bowel anastomosis.

Figure 7.1 demonstrates an example of small 
bowel adherent to a recurrent pelvic tumor. 
Small bowel stuck onto the pelvic mass can 
also complicate neoadjuvant radiotherapy or 
re-irradiation of recurrence [36, 37]. Evidence 
of radiation ileitis should be noted during lapa-
rotomy, although the decision to alter opera-
tive management due to its presence would 
only be required by the most severe of cases.

Intraoperative assessment of operability in 
the pelvis is highly dependent on the location 
and local infiltration of the tumor, although 
the overriding principle is that there is no 
advantage to anything other than an R0 resec-
tion. The surgeon faced with a patient who 
has  received neoadjuvant chemoradiotherapy 
or a history of previous pelvic surgery will 
frequently encounter hardened tissue in the 
conventional surgical tissue planes. At present, 
it is impossible to determine if the hardened 

tissue represents fibrosis or viable tumor. In 
this scenario the correct oncological principle 
is to widen the surgical resection, if technically 
feasible, rather than risk an R1/2 resection. 
Any decision to proceed should be measured 
against the likelihood of achieving complete 
excision and the morbidity associated with 
extending the plane of excision, remembering 
that technical limits may be beyond the limits 
acceptable to the patient. The limits to opera-
bility broadly fall into three overlapping fields: 
inoperability due to unacceptable loss of func-
tion, inoperability due to loss of pelvic stability, 
and inoperability due to risk of life-threatening 
hemorrhage. The challenges of unexpected 
tumor extension are summarized in Table 7.2, 
with potential strategies for overcoming them.

Technical limits regarding infiltration of the 
bony pelvis and periosteum are currently 
under review. Fortunately, high-resolution 
magnetic resonance imaging (MRI) is usually 
highly sensitive to involvement of the bony 
pelvis, and thus a management strategy can be 
planned preoperatively. Where the unexpected 
is encountered, the accepted practice is that a 
surgeon may safely amputate the sacrum at the 
S2/3 level to excise a posteriorly invading 
tumor, given appropriate consent [38, 39]. This 

Figure 7.1  T2-turbo spin echo (TSE) MRI and corresponding photograph demonstrating lateral pelvic 
recurrence with adherent small bowel loops. If the recurrent mass is deemed inoperable then dividing the 
small bowel mesenteric vessels for access will devascularize the adherent loops. Excision of these alone 
will result in open tumor. Source: Rory Kokelaar, Dean Harris, and Martyn Evans.
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procedure typically involves a prone phase to 
the operation which must be planned in 
advance but may be completed prior to or 
following the abdominal component. Above 
the S2/S3 level, concerns regarding instability 
of the pelvis have typically been regarded as a 
contraindication and outside the specialist 
practice of a small number of sarcoma centers 

and units with expertise in bony reconstruc-
tion [40, 41]. At the S2 level and above, serious 
consideration has to be made of the potentially 
significant morbidity associated with damage 
to the nerve roots, adding reduced mobility to 
the sexual and continence morbidity associ-
ated with neurological injury. As a compro-
mise, more limited excisions of the high 

Table 7.2  Planes of unexpected tumor extension and potential strategies for management.

Plane of unexpected 
tumor extension and 
structures at risk

Potentially curative  
surgical solution Comorbidity Surgical expertise

Anterior – male pelvis
Seminal vesicles
Prostate and dorsal 
venous complex
Bladder

En-bloc prostatectomy 
with cysto-urethral 
reconstruction
Partial cystectomy
Total pelvic exenteration

Urine leak
Major hemorrhage
Impaired bladder 
function
Urostomy

Urologist

Anterior – female pelvis
Vagina
Uterus and reproductive 
system
Bladder
Pubic symphysis

En-bloc total/partial 
vagenectomy
En-bloc hysterectomy 
+/− oophrectomy
Total pelvic exenteration
Resection of anterior 
pelvis

Urine leak
Infertility
Impaired sexual 
function
Pelvic instability

Gynecologist/
reproductive health
Urologist
Plastic-reconstructive 
(expertise in vaginal 
reconstruction)
Orthopedic surgeon

Lateral sidewall
Iliac vessels and branches
Sciatic and obturator 
nerves
Ureters
Bony pelvic sidewall

Extended lateral sidewall 
excision (without 
reconstruction)
Arterial and venous 
reconstruction
Nerve graft
Ureteric re-implantation/
reconstruction
IORT

Major hemorrhage
Neurologic deficit 
and disability
Urine leak

Vascular surgeon
Plastic-reconstructive 
surgeon (expertise in 
nerve grafting)
Urologist
Clinical oncologist

Posterior
sacrum and sacroiliac 
joints
Lower lumbar vertebrae
Lumbar and sacral nerve 
roots
Presacral veins

Anterior table sacrectomy
Sacral division (below S2)
Lateral sacrectomy
High sacrectomy (+/− L5) 
with reconstruction
IORT

Major hemorrhage
Neurologic deficit 
and disability
Pelvic instability

Orthopedic surgeon
Clinical oncologist

Pelvic floor
Muscular pelvic floor
Vulva
Root of penis and 
scrotum

Anterior or posterior 
triangle of pelvic floor 
excision with 
reconstruction
Radical pelvic floor 
excision

Additional 
ostomies
Pelvic floor hernia
Impaired sexual 
function

Plastic-reconstructive 
surgeon
Urologist
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sacrum, such as anterior table sacrectomy, 
have been employed by a small number of 
units; although the data underpinning this 
practice are small, early R0 outcomes are 
promising [3]. Due to the evolving status of the 
approach to the high sacrum, if unexpected 
advanced disease is encountered, it would not 
be advisable to automatically defer to a pallia-
tive scenario.

The risk of life-threatening hemorrhage 
should not be underestimated in exenterative 
surgery. Approaches to the lateral pelvic side-
wall and its major vessels, the presacral veins, 
and the prostatic dorsal venous complex all 
present a significant risk of severe bleeding, 
especially in a pre-irradiated pelvis or when 
tumor is invading or encasing these structures. 
Figure  7.2 demonstrates an anteriorly based 
rectal tumor invading seminal vesicles. 
Bleeding is also to be expected during any 
resection of the bony pelvis. If safe dissection 
cannot be progressed into a highly vascular-
ized area due to fibrosis or limited access it 

should be ceased until adequate proximal con-
trol is established, either by slinging the major 
vessels or by ligating and excising the struc-
tures en bloc [23, 42]. This practice is not 
uncommon for tumors invading the lateral pel-
vic sidewall where the internal iliac artery and 
vein are at risk. These may be safely ligated by 
an experienced pelvic oncology surgeon, 
although ischemia to other pelvic organs and 
buttock claudication must be considered. 
Ligation of the common or external iliac ves-
sels is rarely performed but is technically feasi-
ble, although it relies on the expertise of a 
vascular surgeon to perform reconstruction 
and it should be possible to predict this situa-
tion preoperatively [43]. Usually the tumor 
doesn’t involve the vessel directly and a plane 
can be developed to leave the major vessel 
intact without fear of a positive margin. 
Provided that vascular expertise is available in 
an unexpected major vessel involvement it 
should be possible to excise and revascularize 
without the need to abandon surgery.

Figure 7.2  T2 MRI demonstrating an 
anteriorly based rectal tumor invading 
the seminal vesicles post long course 
chemoradiotherapy (LCCRT). The plane 
of excision was fibrosed due to 
radiotherapy and it was impossible to 
tell intraoperatively whether viable 
tumor would involve the resection 
margin, which was also threatening 
the prostatic dorsal venous complex. 
An intraoperative decision was made 
to progress to total pelvic 
extenteration (TPE) rather than 
abdomino-perineal excision resection 
(APER) with en-bloc excision of 
seminal vesicles. Source: Rory Kokelaar, 
Dean Harris, and Martyn Evans.
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Background

In women, an anterior pelvic exenteration 
refers to removal of the bladder, uterus, and 
ovaries, leaving the rectum in situ; posterior 
pelvic exenteration refers to removal of the rec-
tum, uterus, ovaries, and posterior vaginal 
wall. In men, an anterior exenteration means 
removal of the bladder, vesicles, and prostate, 
but this procedure is more commonly referred 
to as a cystoprostatectomy. A total pelvic exen-
teration includes complete excision of all pel-
vic organs including the bladder (+/− prostate/
seminal vesicles) and rectum, and in women 
the uterus/ovaries and posterior vaginal wall 
(Figure 8.1). For selective resections of organs 
or structures that do not result in a formal 
anterior, posterior, or total pelvic exenteration, 
we use the term “modified exenteration.”

­Diagnostics Specific to Anterior 
Pelvic Exenteration

Before performing any extensive surgical pro-
cedures in the anterior pelvic area, diagnostic 
workup is imperative, both for surgical plan-
ning and eligibility. After diagnosis of the 

malignant disease, local status and distant 
metastasis need to be evaluated.

One diagnostic modality that is eminently 
useful in patients with tumors in the anterior 
pelvic area is magnetic resonance imaging 
(MRI) with diffusion-weighted images. As it 
depicts tumor invasion in adjacent structures 
very accurately, feasibility of a successful com-
plete resection can be evaluated.

As urinary tract involvement is common in 
anterior pelvic malignancies, ureter obstruction 
and kidney function have to be evaluated care-
fully. The radioisotope renography, also known 
as the MAG3 scan, is especially helpful to detect 
any dysfunction in one of the kidneys. If one of 
the kidneys is not functioning properly, we usu-
ally choose to either ligate the ureter or remove 
the affected kidney. Re-anastomosing a kidney 
that has a little function may cause unnecessary 
complications such as anastomotic leakage and 
pyelonephritis.

Surgical Procedure

Traditionally, an anterior pelvic exenteration 
implies removal of the bladder, lower ureters, 
reproductive organs, draining lymph nodes, 
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and pelvic peritoneum [1]. However, in clinical 
practice, the surgical procedure depends on the 
nature and the extent of the tumor. Anterior 
pelvic exenterations are performed by surgeon 
oncologists, gynecologists, and urologists. In 
case of limited ingrowth in other organs, a 
selective resection is sufficient. Resections of 
the ureter, uterus, and part of the bladder are 
examples of selective procedures that are rou-
tinely performed in specialized centers. More 
extensive tumors and locally recurrent malig-
nancies often require formal anterior, poste-
rior, or total pelvic exenterations. In this 
chapter, the different approaches for gyneco-
logical, urological, and rectal malignancies in 
the anterior pelvic area are described briefly. In 
addition, surgical procedures per involved 
organ in the anterior pelvic area are specified.

Anesthesia and Starting the Procedure

Patients undergoing anterior pelvic exentera-
tions are under general anesthesia and usually 
receive epidural anesthesia and are placed in 
the lithotomy position. Patients with advanced 

or recurrent pelvic cancer are generally not 
considered candidates for minimally invasive 
techniques, because tactile feedback is essen-
tial in achieving a radical resection. The proce-
dure starts with a midline laparotomy. In our 
center, we routinely perform an omentoplasty, 
and therefore the midline incision may be 
advanced cranially further than strictly neces-
sary for pelvic surgery. Since both locally 
advanced and locally recurrent pelvic cancer is 
associated with a high incidence of systemic 
and peritoneal metastases, careful inspection 
of the whole abdomen is mandatory before 
continuing the procedure.

Urological Approach

Anterior pelvic exenteration in urological can-
cers is often referred to as radical cystoprostec-
tomy and is performed for muscle invasive 
bladder cancer and T4 prostate cancer. In 
men, the first step in this procedure is to mobi-
lize and transect the distal ureters as described 
below. The space between the anterior rectum 
and posterior prostate may be entered by 

Figure 8.1  Sagital view of a total pelvic exenteration in the male (left) and anterior pelvic exenteration in 
the female (right) [23]. Source: Jan W.A. Hagemans, Jan M. van Rees, Joost Rothbarth, Cornelis Verhoef, and 
Jacobus W.A. Burger.
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opening Denonvillier’s fascia. The superior 
and inferior vesical artery are then identified 
and ligated respectively. To mobilize the blad-
der, seminal vesicles, and prostate, all tissue 
laterally from these structures has to be 
divided. The endopelvic fascia needs to be 
opened and the puboprostatic ligaments 
released. After ligation of the dorsal venous 
complex, the urethra is clipped and transected. 
By dividing the recto-urethralis muscles, the 
bladder, seminal vesicles, and prostate can be 
removed en bloc.

Gynecological Approach

In gynecological cancers, anterior pelvic exen-
teration includes removing the bladder, ure-
thra, uterus, adnexa, and anterior vaginal wall. 
The posterior vaginal wall and rectum remain 
in situ. This procedure is mostly performed for 
malignancies of the cervix and anterior upper 
vagina. Anterior pelvic exenteration should 
only be performed if there is no tumor involve-
ment in the space between the posterior vagi-
nal wall and rectum. After mobilizing the 
bowel and entering the retroperitoneal space 
the distal ureters are transected. An incision in 
the pouch of Douglas is made to dissect the 
vaginal wall from the rectum. The broad and 
round ligaments and ovarian vessels are ligated 
and divided. The superior and inferior vesical 
arteries are identified and ligated, as are the 
uterine arteries and veins. The anterior and 
posterior vaginal wall may then be transected 
at the desired level. A more detailed descrip-
tion of the resection of the ureter, bladder, and 
vaginal wall is discussed below.

Rectal Cancer

Locally advanced rectal cancer may invade 
the anterior pelvic organs such as the bladder 
and reproductive organs, especially in the 
case of locally recurrent rectal cancer in the 
pelvic area. In these cases, a total pelvic exen-
teration is performed, which is discussed in 
Chapter 10.

Ureter Dissection

The ureter is identified just above the level of 
the promontory and dissected in a cranial and 
caudal direction, while preventing damage to 
the vasculature of the ureter itself. This is 
achieved by leaving the ureteral adventitia in 
place, rather than dissecting the ureter clean.

Fibrosis and tumor are often difficult to dif-
ferentiate during surgery and any fibrous tis-
sue is considered tumor when performing 
radical resections. Transection of the ureter 
opens up the lateral compartment of the pelvis 
and facilitates radical resection of disease in 
this compartment. Further resection of all tis-
sues involved is performed, as identified by 
palpation and macroscopy, and guided by pre-
operative MRI. When the bladder is not 
involved, the distal ureter may be cut and 
ligated, although leaving the ureter open rarely 
causes leakage from the bladder, because of 
the uretero-vesical valve. The ureter may be 
reinserted in the bladder using the so-called 
psoas-hitch technique. The bladder is mobi-
lized on the contralateral and anterolateral 
side of the bladder. Ligation of the vesical 
artery and vein is usually not necessary. The 
bladder is incised transversely and fixed to the 
psoas muscle fascia just above the level of the 
anticipated anastomosis between the ureter 
and bladder. The ureter is then inserted in the 
bladder through a small incision, spatulated, 
and fixed with resorbable sutures. The trans-
verse incision in the bladder is closed longitu-
dinally, and the single J catheter is led out 
through the bladder wall, abdominal wall, and 
skin. The single J stent is removed 10 days after 
surgery when no signs of anastomotic leakage 
are present on cystogram.

Lateral Compartment

In case of involvement of the pelvic side wall, 
which occurs frequently in locally advanced 
and recurrent cancer, the internal iliac artery 
and vein may also be transected to facilitate 
more extensive resections up to the acetabulum. 

c08.indd   75 09-25-2021   14:15:29



Anterior Pelvic Exenteration76

Reconstruction of the internal iliac artery and 
vein is generally not needed because of suffi-
cient collateral blood supply. In seldom cases 
in which the external or common iliac vessels 
are involved, radical resection can sometimes 
be achieved by complete resection of the exter-
nal or common iliac vessels.

In case of persistent lymph node metastases 
in the lateral compartment, a formal lymph 
node dissection of this area can be performed. 
The goal of lateral lymph node dissection is to 
resect all nodes in the pelvic sidewall lateral 
from the internal iliac vessels after ligating 
these vessels while preserving the obturator 
nerve and sacral plexus. In some cases en-bloc 
resection with these structures is necessary for 
full clearance of all suspect lateral lymph 
nodes [2–4]. This procedure is associated with 
increased urinary and sexual dysfunction, pro-
longed operation time, and possible increased 
blood loss  [5, 6]. However, in urological can-
cer, extensive pelvic lymph node dissection is 
recommended not only to provide accurate 
staging and prognostic information, but also to 
possibly identify patients eligible for adjuvant 
chemotherapy [7–9]. In rectal cancer a recent 
meta-analysis showed no cancer-specific 
advantages of extended lymphadenectomy, 
but there is evidence suggesting that patients 
with persistent lateral lymph nodes after neo-
adjuvant (chemo)radiotherapy may benefit 
from mesorectal excision with lateral lymph 
node dissection [5, 10–12].

Partial Cystectomy

Successful partial bladder resections are usu-
ally performed for radical resection of T4 sig-
moid cancer, because these tumors may involve 
the more cranial aspect of the bladder. It is 
important to identify the orifices of both ure-
ters to prevent obstruction of the ureter while 
closing the defect. It is also important to con-
sider whether the size of the remaining blad-
der, combined with the anticipated function 
after neoadjuvant therapy, may result in a 
malfunctioning bladder. A urologist is often 

required to assist in decision-making. When a 
small bladder remnant is unlikely to ever func-
tion properly, a bladder resection and urinary 
diversion may be preferable. When partial 
resection is possible, we open the bladder cra-
nially and choose the dissection planes on pal-
pation and sight. We close the bladder with 
two layers of 3–0 slowly resorbable sutures. 
Lower tumors often involve the neck of the 
bladder and the orifices. Therefore even small 
bladder wall resections at this level often result 
in a bladder remnant that is impossible to 
reconstruct in such a manner that both ureters 
can be reinserted into a functional remnant. 
Again, we advise to involve the urologist–
oncologist in decision-making. When partial 
resection is not feasible, a total pelvic exentera-
tion is indicated (see Chapter 10).

Partial Prostatectomy

In case of limited involvement of the prostate, 
without involvement of the urethra, a partial 
resection of the prostate may be attempted. It 
should be noted that the urethra is close to the 
posterior capsule of the prostate. We insert a 
large-diameter silicone urinary catheter to 
palpate the urethra. Softer catheters are pal-
pated less easily. Dissection of the capsule of 
the prostate should be performed through a 
perineal approach, usually as part of an 
abdomino-perineal excision (APE) of the rec-
tum. After performing the usual steps of an 
APE, we leave the anterior dissection as 
long as possible. We then identify the urethra 
by palpation of the silicone catheter and 
approach the capsule of the prostate caudally 
and laterally after lateral transection of the 
pelvic floor. The surgeon may now open 
the  capsule of the prostate and include a 
layer  of prostate in the resection specimen. 
Continuous palpation may clarify whether 
the tumor is resected completely and the sur-
geon can then return to the normal plane 
with or without including the seminal vesi-
cles in the specimen. When complete removal 
of the seminal vesicles is performed, the 
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surgeon should be aware that he is approach-
ing the distal ureters from below. It is note-
worthy that this type of resection often results 
in R2 resections, because the extra amount of 
tissue that can be resected is limited, palpa-
tion is difficult, especially in case of extensive 
fibrosis, and most surgeons are not accus-
tomed to this dissection plane. Ideally, refer-
ral of these patients to a specialist center 
where conversion to a total pelvic exentera-
tion can be performed as needed is advised.

If prostate-conserving surgery cannot be 
performed, which is common in the case of 
more advanced tumors invading the prostate or 
locally recurrent disease in men, a prostatec-
tomy is advised. In some cases, the urethra 
cannot be re-anastomosed, as patients may 
have received high-dose radiotherapy and this 
impairs proper healing of a vesico-urethral 
anastomosis. Therefore total pelvic exentera-
tion is indicated in these cases.

Uterus and Vaginal Wall

Whereas in men advanced malignancies may 
extend into the bladder and prostate, in women 
the uterus and posterior vaginal wall are the 
first to become involved in tumor extension. 
Tumor ingrowth into the body of the uterus is 
relatively rare, as the peritoneal reflection is 
located lower, at the level of the cervix. Tumor 
ingrowth at this level can easily be solved by 
en-bloc resection of the uterus and adnexa, as 
is performed in gynecological cancer. The 
ovarian vessels and ligaments are ligated and 
the uterus mobilized. This can be done by 
opening the peritoneum and dissecting the 
bladder from the anterior aspect of the uterus. 
The vaginal wall is identified and cleared to the 
caudal aspect of the cervix. The ureters are 
identified up to their insertion into the bladder 
or at least up to the point that they are no 
longer at risk. We then identify the vasculature 
at the level of the cervix, and isolate and ligate 
it. When cutting of the many venous branches 
results in blood loss, it is imperative to be 
cautious with clamps, diathermy, and energy 

devices, considering the proximity of the ure-
ter. The vagina is opened anteriorly, below the 
palpated level of the cervix, using diathermy. 
The placement of clamps on the vaginal wall 
and lifting these facilitates separation of the 
vagina and rectum. The rectum may be cut at 
the level desired. The vaginal wall may be 
closed with slowly absorbable sutures, taking 
care to not include the distal ureter.

Involvement of the cervix and posterior vagi-
nal wall is more common. Findings on the pre-
operative MRI also guide decision-making. 
The posterior wall is transected and the vaginal 
wall freed from the rectum. The lateral wall 
may be transected with diathermy or an energy 
device. The defect in the vaginal wall may be 
large, and when closed primarily, the remnant 
of the vagina may be small. This may be solved 
by performing some type of flap reconstruc-
tion (e.g. vertical rectus abdominis myocutane-
ous (VRAM) flap), in which case either skin, 
fascia, or peritoneum may be used to replace 
the vaginal wall resected [9]. The alternative is 
to close the vagina primarily and refer the 
patient to the gynecologist for dilatation at an 
early stage. There are no data showing one 
technique is superior to the other. In the case 
that the urethra is involved, total pelvic exen-
teration is indicated. In such cases, near-com-
plete removal of the vagina (colpectomy) is 
often unavoidable.

Urinary Diversion (Ileal Conduit)

In anterior pelvic exenteration, the gold stand-
ard for urinary diversion is the ileal conduit. 
Although many variances exist, the best-known 
technique is a Bricker deviation [13–15]. In this 
procedure, a segment of the terminal ileum 
with a length of 12–18 cm is isolated at 10 cm 
from the valve of Bauhin on its mesentery. 
Usually, a hand-sewed or stapled side-to-side 
anastomosis is performed to preserve continua-
tion of the digestive tract. The mesentery 
window is closed with 3–0 absorbable sutures. 
The distal anastomosis of the ileum is then 
opened and the ileo-ureteral anastomosis can 
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be constructed. The type of anastomosis per-
formed (e.g. Bricker, Wallace) should be 
selected by the operating surgeon. The distal 
ileal loop is usually exteriorized through the 
lower right quadrant of the abdomen after 
bluntly dissecting the abdominal muscles and a 
circular excision in the skin is made.

Urinary Diversion (Colon Conduit)

In some patients, the operator performs a 
colon conduit as urinary diversion, and this is 
especially useful when the descending colon or 
sigmoid is transected during the procedure. 
The distal colon is cut, leaving a segment of 
approximately 15–20 cm with an arterial pedi-
cle. This may be the mesenteric inferior artery, 
the left colonic artery, or in some cases the left 
branch of the middle colic artery. After mobili-
zation, both ureters may be anastomosed in 
exactly the same way as in Bricker diversion. 
The urinary stoma often needs to be placed on 
the left side of the abdomen, and after mobili-
zation of the transverse colon, the stoma for 
stool is then placed on the right side of the 
abdomen. The advantage of this approach is 
that Bricker diversion results in an extra ileo-
ileostomy with a risk of complications such as 
leakage, whereas diversion with a colon con-
duit does not require an extra anastomosis.

When performing an ileal or colon conduit, 
small stents are placed in the ureters to ensure 
sufficient flow after surgery. The stents are 
fixed to the bowel wall with 4–0 quickly absorb-
able braided sutures and led out through the 
ostomy. If no complications occur, the stent is 
removed at day 9 and day 10 after surgery 
under antibiotic prophylaxis.

­Morbidity and Mortality

Anterior pelvic exenteration is a comprehen-
sive surgical procedure with a high risk of com-
plications, reinterventions, and postoperative 
mortality  [16–20]. However, due to improved 
surgical techniques, perioperative care, and 
patient selection, there have been remarkable 

improvements in mortality and morbidity in 
the past decades [18, 21, 22].

Morbidity

The overall morbidity rate after pelvic exenter-
ative surgery is described within a range of 
32–84%. The most important risk factor for 
perioperative morbidity is preoperative pelvic 
irradiation  [17, 20, 23]. Patients often experi-
ence general surgical complications such as 
(intraoperative) bleeding, wound infection, 
pneumonia, and (pelvic or intra-abdominal) 
abscesses [24]. Perineal wound problems after 
exenterative surgery are also common: besides 
wound infection and abscesses in the short 
term, perineal hernia or fistulas can occur in 
the long term [23, 25]. Muscle flap reconstruc-
tions may improve perineal wound outcome 
and pelvic floor dysfunction, but failure of per-
ineal reconstructions often results in cata-
strophic wound problems [26, 27].

Mortality

Perioperative 30-day mortality after pelvic 
exenteration is reported within a range of 
0–25% [25, 28–31]. A recent population-based 
study described a mortality rate of 1.9% in 
women undergoing pelvic exenteration for 
gynecologic malignancies  [31]. Perioperative 
mortality after radical cystectomy for bladder 
cancer is reported at between 1.2% and 
3.2% [32]. For rectal cancer, a multicenter ret-
rospective study reported day mortality rates of 
1.5 and 1.7% for locally advanced and locally 
recurrent rectal cancer respectively [22].

Complications

Due to the more complex surgery that is per-
formed in total pelvic exenterations, patients 
undergoing anterior pelvic exenteration may 
experience fewer complications [33]. However, 
involvement of the urinary tract and the use of 
urinary diversions in anterior pelvic exentera-
tions can lead to major problems  [34, 35]. 
Short-term complications of urinary diversion 
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are leakage and obstruction of the urinary 
enteric anastomosis. Long-term complications 
include urinary stenosis, fistula, stomal- and 
peristomal complications, and upper urinary 
tract deterioration  [13]. These complications 
can sometimes be managed conservatively but 
more often require re-intervention by pro-
longed drainage, nephrostomy catheters, or 
ureter re-implantation [34–36]. Other adverse 
events such as wound problems and gastroin-
testinal complications frequently occur in 
patients undergoing anterior pelvic exentera-
tion [17, 20, 23]. Complications after anterior 
pelvic exenterations are listed in Table 8.1.

Survival

Prognostic outcomes after pelvic exenteration 
depend on the origin of the tumor  [16]. 
For  bladder cancer, five-year survival rates 
after radical cystoprostatectomy have been 
reported between 60 and 67%. Main risk factors 
for recurrence and reduced bladder-cancer-
specific survival are high tumor stage, 
lymphovascular invasion, and lymph node 
metastases [37–40]. In advanced and recurrent 
gynecological malignancies, the five-year over-
all survival rate after pelvic exenteration is 
around 50%  [41, 42]. Five-year survival after 
pelvic exenteration for locally advanced recur-
rent rectal cancer is usually somewhere 
between 22 and 66%. For locally recurrent rec-
tal cancer, five-year survival after pelvic exen-
teration is as low as 0–37% [29, 43–45].

Achievement of a clear resection margin is 
the most important predictive factor for sur-
vival in urological, gynecological, and rectal 
cancers [16, 25, 28].

Quality of Life Following Anterior Pelvic 
Exenteration

Patients undergoing anterior pelvic exentera-
tion are submitted to a major operation with a 
high complication rate, prolonged hospital stay, 
and an extensive rehabilitation process. This 
can have a huge impact on their quality of life. 
Patients often receive a permanent urostomy, 

colostomy, or both, which can be disabling in 
various ways [46–48]. However, patient-reported 
outcomes on quality of life usually improve 
after exenteration surgery and might even be 
comparable with those in the general popula-
tion of disease-free patients [49, 50].

Sexual Dysfunction

Especially in younger women, anterior pelvic 
exenteration can greatly affect sexual function. 
Lubrication disorder and dyspareunia are 
common, especially when parts of the vaginal 
wall are resected [51, 52]. Due to this, women 

Table 8.1  Complications after anterior pelvic 
exenteration.

General

Hemorrhage

Wound infection

Intra-abdominal abscess

Presacral abscess

Muscle flap necrosis

Pulmonary

Cerebrovascular

Cardiac

Delirium

Venous thrombosis

Urinary diversion related

Urinoma

Urosepsis

Metabolic acidosis

Anastomotic stricture

Obstruction

Fistula

Urinary tract infection

Acute renal failure

Hydronephrosis

Stomal and peristomal problems

Gastrointestinal

Ileus

Small bowel obstruction

Enterocutaneous fistula
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often experience a lack of sexual desire after 
pelvic surgery and only a small number of 
women are sexually active in the postoperative 
period [51].

Men may experience erectile or ejaculatory 
dysfunction due to resection of the prostate 
and vesicles or due to damage to the neurovas-
cular bundle supplying the genitalia  [53]. A 
small number of men who were sexually active 
before cystoprostatectomy are still potent after 
surgery. Higher chances of remaining potency 
after surgery can be achieved when a nerve-
sparing operation is performed [38, 53, 54]. It 
is important to discuss expectations about sex-
ual function after surgery with patients 
preoperatively [55].

Besides organic sexual dysfunction, both 
men and women report deterioration in body 
image and loss in sexual interest [51–53]. It is 
advisable to offer appropriate psychosexual 
counseling to patients and it is particularly 
important in patients who are sexually 
active [56, 57].

Urinary Dysfunction

As in anterior pelvic exenteration where the 
bladder is resected, most patients end up 
with  either an ileal or a colon conduit or an 
orthotopic bladder  [13]. Stoma-related prob-
lems such as urinary leakage, odor, stomal 
and  peristomal complications, and altered 
body image are considerable factors affecting 
patients’ quality of life [48]. There is no stoma 

involvement in an orthotopic bladder and this 
might have less effect on physical image com-
pared to urinary conduits. However, patients 
with an orthotopic bladder frequently experi-
ence nocturnal incontinence, and postopera-
tive bladder retraining is needed  [58]. For 
patients who receive previous irradiation of 
the pelvic area, an orthotopic bladder might 
not be the best option. An ileal or colon con-
duit might then be preferred. Studies have 
shown that the quality of life of patients 
with  an ileal conduit and orthotopic 
bladder is indifferent. Shared decision-making 
and  patient education seem to be the most 
important factors for postoperative satisfac-
tion [47, 59, 60].

General and Mental Health

General health is often affected, as patients 
experience greater fatigue, anxiety, and even 
depression, especially directly after sur-
gery [56, 57]. Numerous other health problems 
such as pain, abdominal bloating, flatulence, 
and voiding issues are common  [51]. Some 
patients do not have the ability to return to 
their profession or occupation after surgery 
and have difficulties proceeding in their social 
and leisure activities [48].

Despite these changes and impairments, 
quality of life usually returns to baseline within 
a year. Therefore patients should not be denied 
exenterative surgery based on perceived poor 
quality of life [50, 61, 62].

Summary Box

●● Anterior pelvic exenteration is a complex 
surgical procedure with considerable peri-
operative morbidity and mortality rates, 
but it can be beneficial in a select group of 
patients.

●● Urinary diversion complications such as 
urinary fistula and pyelonephritis are fre-
quent in anterior pelvic exenterations and 
can be life-threatening.

●● Achievement of a clear resection margin is 
the most important prognostic factor for 
overall survival.

●● Anterior pelvic exenteration has a major 
impact on physical and mental health. 
Adequate counseling is therefore 
recommended.

●● Quality of life is decreased after surgery 
but rapidly improves in the long term.
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Background

Up to 10% of solid malignant tumors in the 
pelvis require multivisceral resection  [1–3]. 
Extended surgery necessitating total pelvic 
exenteration occurs in 20% of cases  [4–6]. 
Approximately three-quarters of advanced pri-
mary tumors need a posterior pelvic exentera-
tion to achieve clear margins. However, in 
cases of recurrent cancer, more than 50% need 
a total pelvic exenteration.

Posterior pelvic exenteration involves 
removal of the rectum, the uterus including 
eventually the posterior part of the vagina, and/
or the adnexa, and rarely the sacrum. The main 
principles to be followed strictly in these cases 
are to perform en-bloc resections always and to 
achieve clear margins. Although in almost half 
of the patients there is no true tumor invasion 
but cancer-associated inflammation, the cir-
cumferential margin may be challenged.

In selected cases of limited peritoneal 
seedings, in addition to pelvic exenteration, 
hyperthermic intraperitoneal chemotherapy 
(HIPEC) may be discussed  [7, 8]. However, 
without obstruction, fistulizing disease, or 
sealed perforation, in case of peritoneal metas-
tasis, neoadjuvant chemotherapy may be per-
formed first and definitive surgery postponed. 
In addition, in patients with distant metastases 

of the liver and lung, neoadjuvant chemother-
apy could be considered [9, 10].

Preoperative Assessment

This is discussed extensively elsewhere. But 
important to posterior exenteration is the need 
to perform a good gynecological examination to 
assess vaginal involvement. Special attention 
has to be payed to any invasion of unresectable 
structures such as the sciatic nerve or the sacrum 
above the S3 level. Any threatened marginal [11] 
suggests that some form or combination of neo-
adjuvant therapy is better suited initially [12].

Intraoperative Decision-Making

Good preoperative examination and radiology 
assessment ensure that posterior pelvic exente
ration should suffice to clear all neoplasm 
microscopically. Nevertheless, one should 
always be aware that intraoperatively a deci-
sion to perform a total pelvic exenteration 
might be necessary. Therefore many surgeons 
do not really decide in advance to what extent 
pelvic exenteration will be needed. It is rather 
more important for the patient to get adequate 
information about the possible sequelae.

9
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Most frequently, a patient just needing a pos-
terior pelvic exenteration will be a woman with 
a rectosigmoid cancer invading the uterus or 
with a low rectal cancer infiltrating the vagina. 
In these cases, the decision for a rectal excision 
is always determined by an eventual invasion 
of the rectal sphincter muscles. If the tumor is 
invading the base of the bladder, the prostate, 
or the urethra, generally a total pelvic exenter-
ation will be needed. A summary of the pelvic 
and abdominal organs removed during poste-
rior pelvic exenteration for primary rectal can-
cer in 119 woman in our surgical department is 
presented in Table 9.1.

Surgical Technique

At surgery, a diagnostic assessment should be 
performed. Some advocate the routine use of 
staging laparoscopy. Then the field/tissue 
planes around the tumor (not involved) should 
be approached. Mobilization of the proximal 
colon along the embryologic planes, starting 
with the distal descending colon and the sig-
moid, is followed by complete mobilization of 
the splenic flexure, if needed. Early, the ureters 
must be identified and placed in vascular 
slings. The gonadal vessels are divided, usually 
cranially and close to the common and external 
iliac artery. The next steps are the posterior 

mobilization of the rectum and the isolation of 
the uterus from the bladder, anteriorly. Finally, 
the vagina is transected.

Mobilization of Left Colon and Upper 
Rectum
Typically, dissection of the pelvis starts with 
the isolation of the sigmoid colon by incising 
the peritoneum lateral to the proximal sig-
moid, following then the interface between 
the mesocolic and the parietal fascia. Usually 
the dissection can be continued all along the 
posterior mesorectal fascia down to the lower 
rectal third and laterally on both sides, as is 
common practice with any low anterior 
resection, with care to preserve the autono-
mous nerves. However, with severe fibrosis 
or if the internal iliac artery has to be dis-
sected, the inferior hypogastric plexus can-
not always be identified, or may need to be 
sacrificed.

This extent of dissection is recommended as 
a first step, because it allows bringing the 
tumor block forward under complete control. 
If a tumor is fixed to the sacrum or laterally to 
the pelvic sidewall, modification of the proce-
dure is required.

Isolation of Ureters  The ureters run behind the 
parietal fascia and will be easily identified. 
This allows for safe sigmoid mobilization. 
They are isolated before they cross the iliac 
vessels, where they are medial to the gonadal 
vessels. They too should be placed in vascular 
slings and dissected down to the entrance into 
the bladder.

Mobilization of Uterus Including Adnexa
A salpingo-oophorectomy is frequently part of 
a posterior exenteration. Commonly, the ovar-
ian vessels are divided at the level of the iliac 
vessels, followed by the mobilization of the 
adnexa down to the fundus of the uterus. They 
are covered by a thin layer, which is part of the 
parietal plane and the broad ligament. It  is 
divided, close to the uterus. The round liga-
ments are divided and the vesico-uterine pouch 

Table 9.1  Pelvic and abdominal organs to be 
removed during posterior pelvic exenteration 
for primary rectal cancer (n = 119).

Organ n Percentage

Uterus 119 100

Vagina 32 26.9

Adnexa 13 10.9

Bladder segment 8 6.7

Small intestine 10 8.4

Additional colon segment 1 0.8

Kidney 1 0.8

Liver metastases 4 3.4

Peritoneal metastases 4 3.4
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is incised. The adhesions of the uterus to the 
urinary bladder are now separated. They may 
be marked and need sharp transection. Laterally 
to both sides, a convolute of veins requires ade-
quate measures to control bleeding. A sponge is 
placed into the vagina to identify its anterior 
wall. If the posterior wall of the vagina is 
invaded by tumor, the incision may be extended 
as far as needed, to achieve clear margins. If the 
anal sphincter is infiltrated, an en-bloc rectal 
excision with resection of the perineum will be 
necessary. In these cases, for reconstruction of 
the posterior wall of the vagina and the peri-
neum itself, a flap is essential.

Dissection of Internal Iliac Artery
In bulky tumors or diffuse fibrous infiltration 
of the pelvis, a safe dissection of the anatom-
ical structures is mandatory to avoid bleed-
ing and an R1 resection. This requires full 
exposure of the internal iliac artery and vein, 
and a central ligation of the originating ves-
sels. It is imperative to dissect the veins even 
more carefully than the arteries and to avoid 
any tears. Following this rule, placing a vas-
cular sling around the internal iliac artery is 
helpful. In these cases, the inferior hypo
gastric plexus usually has to be sacrificed 
completely because it can no longer be iden-
tified within the scar tissue.

Dissection of Obturator Foramen 
and Anterior Approach to Sciatic Nerve
Advanced tumors can extend into the obturator 
foramen. Lateral lymph node metastases may 
also necessitate dissection at this site. The obtu-
rator nerve crosses this area longitudinally. It 
can almost always be preserved. The obturator 
vessels, however, must always be divided.

Sometimes, continuous growth of a tumor to 
the lateroposterior sidewall of the pelvis can be 
resected only after anterior exposure of the sci-
atic nerve. Its isolation will usually need a cen-
tral tie of all proximal branches of the internal 
iliac artery apart from the superior and inferior 
gluteal arteries with resection of the coccygeal 
muscle.

Postoperative Outcome and 
Prognosis

One-third of the 119 patients had postopera-
tive complications (Table 9.2). Urological com-
plications were the most frequent with 18.5%. 
Surgery of local recurrences represents a par-
ticularly challenging task (Figure 9.1). In sum-
mary, survival was mainly influenced by the 
presence of distant metastases and whether 
curative resection (R0) could be achieved 
(Table 9.3; Figure 9.2). 

Table 9.2  Postoperative complications after posterior pelvic exenteration (n = 119).

Postoperative complication n Percentage

Postoperative morbidity 39 32.8

Anastomotic leak (patients with anastomosis) 6/85 7

Urological complications 22 18.5

Bleeding 3 2.5

Wound infection 5 4.2

Septic multiorgan failure 2 1.7

Pulmonary complications 6 5.0

Cardiovascular complications 3 2.5

Other complications 5 4.2



(a) (b)

Figure 9.1  Local recurrence of a rectal cancer with infiltration of the uterus, which will be probably resectable 
by a posterior pelvic exenteration with preservation of the anal sphincter. A: Sagittal; B: transversal. + Uterus; 
* local recurrence of rectal cancer; long thin arrow, infiltration of the uterus; short thick arrows; staple line after 
previous rectal resection. Source: Werner Hohenberger, Maximilian Brunner, and Susanne Merkel.

Table 9.3  Prognosis after posterior pelvic exenteration.

n
Median overall 
survival (months)

Two-year overall 
survival (95% CI)

Five-year overall 
survival (95% CI) p

All 119 36 59.7 (50.9–68.5) 35.9 (27.3–44.5)

R0 91 52 71.4 (62.2–80.6) 44.0 33.8–54.2)

R1, 2, X 28 7 21.4 (6.1–36.7) 10.7 (0–22.1) < 0.001

M0 90 51 71.1 (61.7–80.5) 45.6 (35.4–55.8)

M1 29 12 24.1 (8.6–39.6) 4.3 (0–12.3) < 0.001

Rectum 85 35 61.2 (50.8–71.6) 32.5 (22.5–42.5)

Sigmoid 34 39 55.9 (39.2–72.6) 44.1 (27.4–60.8) 0.191

Rectum M0 R0 56 50 73.2 (61.6–84.8) 42.9 (30.0–55.8)

Sigmoid M0 R0 25 98 76.0 (59.3–92.7) 60.0 (40.8–79.2) 0.083

1978–1994 76 35 59.2 (48.2–70.2) 34.2 (23.6–44.8)

1995–2015 43 36 60.5 (46.8–74.2) 38.9 (24.2–53.6) 0.523

No. at risk
R0 91 80 68 56 44 32
R1,2 28 17 5 2 2 2
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Figure 9.2  Overall survival 
after curative (R0) and 
non-curative (R1, 2, X) 
posterior pelvic resection. 
Source: Werner Hohenberger, 
Maximilian Brunner, and 
Susanne Merkel.
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Summary Box

●● Posterior pelvic exenteration is needed in 
less than 5% of primary tumors of pelvic 
organs, and more frequently, however, with 
recurrent malignancies.

●● Even if a true tumor invasion is not 
confirmed (adhesion/inflammation), multi

visceral resection including any involved 
organ has to be performed, to avoid risk of 
positive margin.

●● Long-term prognosis is mainly influenced 
by the presence of distant metastases and 
whether curative resection is possible.



90

Surgical Management of Advanced Pelvic Cancer, First Edition.  
Edited by Michael E. Kelly and Desmond C. Winter. 
© 2022 John Wiley & Sons Ltd. Published 2022 by John Wiley & Sons Ltd.

Background

Total pelvic exenteration (TPE) was first 
described by Brunschwig [1] in 1948 as a palli-
ative operation for cervical cancer. However, 
since the late 1990s, pelvic exenteration has 
become a standard procedure for the manage-
ment of advanced and recurrent pelvic malig-
nancy [2]. TPE involves the en-bloc removal of 
all the pelvic organs, namely the rectum, pros-
tate, and bladder in male patients, and the rec-
tum, uterus and ovaries, vagina, and bladder in 
female patients. This may be combined with 
bone resection or pelvic sidewall vessel resec-
tion; however, these aspects are considered 
in  detail in other chapters and will not be 
addressed further in this chapter. This form of 
surgery is required for locally advanced or 
recurrent tumors which have extended locally 
beyond the confines of their organ of origin to 
involve other surrounding organs [3]. The rea-
son for the extended resection is to attain 
resection margins that are microscopically free 
from tumor, or an R0 resection margin, which 
has frequently been identified as the major 
predicting factor to minimize the risk of local 
recurrence and maximize the likelihood of 
cure [5]. Given the inherent nature of the sur-
gery itself, pelvic exenteration surgery has 
been seen as a morbid procedure, traditionally 

associated with both high morbidity and 
perioperative mortality rates, reports from the 
literature ranging from 27 to 86% [5, 6]. With 
recent advances in anesthetics, intensive care, 
and perioperative medicine, these rates have 
decreased substantially since the late 1990s.

Indications

Pelvic exenteration has evolved over time from 
a procedure that would only be considered 
in  very selective circumstances to one that is 
considered to be a standard procedure in ter-
tiary and quaternary surgical centers. It has 
been demonstrated that the procedure can be 
undertaken with acceptable morbidity and 
mortality but requires careful planning and a 
multidisciplinary approach  [7–9]. Colorectal 
cancer is the most common indication for TPE, 
with 12% of rectal cancers extending beyond 
the fascia propria  [10] and requiring “Beyond 
TME” surgery  [3]. TPE is more common in 
male patients as compared to female in the case 
of rectal cancer, as frequently a more limited 
exenteration involving the rectum, uterus, and 
some or all of the vagina is feasible in female 
patients, with preservation of the bladder, as 
compared to male patients where tumor inva-
sion of the bladder trigone or prostate usually 
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necessitates a TPE (Figure 10.1). Recurrent rec-
tal cancer is a more frequent indication for 
TPE, with the nature of recurrence requiring 
“Beyond TME” surgery in order to maximize 
the likelihood of obtaining clear resection mar-
gins  [3]. This has been consistently demon-
strated to be the most important predictive 
factor to minimize local recurrence and for 
long-term survival  [11, 12]. The contraindica-
tions to TPE have softened since 2010, with 
consistent outcomes and reducing morbidity 
despite extending the indications, resulting in 
prior contraindications such as resectable met-
astatic disease becoming relative (Table 10.1).

Whilst locally advanced and recurrent rec-
tal  cancer are the commonest indications 
for  TPE,  it can be applied to any advanced 
pelvic malignancy. There is experience in pel-
vic squamous cell cancers including recurrent 

rectal cancer and a range of gynecological 
cancers including cervical, vagina, and vulval, 
though more commonly for recurrent tumors 
rather than primary. It may also be undertaken 
for palliation, including uncontrollable malig-
nant masses with small and large bowel to 
vesical or vaginal fistula, or for unmanageable 
malignant cutaneous/vaginal wounds.

­Who Should Be Performing these 
Procedures? Selecting the Right 
Team and Plan

It is important that surgeons who perform 
regular exenterations build a dedicated team. 
Cases can be technically challenging and hav-
ing a team that regularly works together can 
reduce operator stress, with the hope for better 
patient outcomes.

The team will usually involve an exentera-
tive surgeon (usually a colorectal surgeon with 
an exenterative interest), a specialist urologist, 
vascular surgeon, plastic surgeon, and ortho-
pedic and or neurosurgeon for select cases. In 
addition, good communication and planning 
with anesthetic colleagues is important in 
ensuring that the operation progresses well 
and without unexpected incidents.

Specialist Centers

the topic of specialist centers is slightly con
troversial. In general, we believe complex 
extended resections are best performed in 

Figure 10.1  Coronal MRI of the pelvis demonstrating 
extensive primary rectal cancer extending from the 
rectum to involve a significant part of the posterior 
bladder wall and trigone. This patient required a TPE 
to ensure an R0 resection margin. Source: Satish K. 
Warrier, Andrew C. Lynch, and Alexander G. Heriot.

Table 10.1  Contraindications for TPE.

Relative contraindication Absolute contraindication

Distant metastases Encasement of external iliac vessels

Extensive pelvic sidewall involvement Tumor extension through greater sciatic notch

Predicted R1 or R2 resection Lower limb edema

Sacral invasion above S2 Poor performance status
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specialized centers so that theater staff are famil-
iar with the nuances of the surgery and have the 
correct equipment to hand. Centralization has 
been a theme in Europe, with some healthcare 
systems centralizing rectal cancers to maintain 
experience. The PelvEx Collaborative recently 
reviewed 1170 patients who had undergone a 
pelvic exenteration for LRRC. Centers were split 
into low volume and high volume centers (> 20 
exenterations per year). The results showed 
there was no significant difference between high 
volume and low volume centers in overall out-
comes and that the R0 resection margin rates in 
both low and high volume centers (51–60% and 
49–65% respectively) improved over the 10 years 
of the study period [4].

Getting Patients Right – Fitness for Surgery 
(Prehabilitation)

Patients who undergo advanced pelvic surgery 
are at risk of major thromboembolic, cardiac, 
and respiratory as well as wound complica-
tions. To mitigate this risk, appropriate selec-
tion and pre-optimization is imperative. There 
is good evidence that a dedicated prehabilita-
tion program can reduce the risks of surgery. 
The program involves thorough early assess-
ment of the patient’s cardiopulmonary status, 
with exercise programs tailored to their physi-
ological status. This is discussed in more detail 
in the preoperative planning chapter (see 
Chapter 5). Ultimately the aim is to build up 
the patient’s exercise tolerance, hence reduc-
ing the impact of stressors intraoperatively.

Preoperative Planning

Pelvic magnetic resonance imaging (MRI) is 
considered the gold standard assessment tool 
for locally advanced disease, and for providing 
a “roadmap” for surgical planning in order to 
determine exenterative margins. It is also the 
best imaging tool for soft tissue, lymph nodes, 
and tumor boundaries. The tumor extent and 
involvement of adjacent viscera (urogenital 
structures, reproductive structures), vessels, 

and bony structures can be determined by this 
technique. The specific pelvic compartments 
(central, anterior, posterior, lateral, perineal, 
superior) involved by the tumor can be deter-
mined, facilitating the surgical plan. Tumor 
margin involvement as well as delineation of 
possible fibrosis can be determined with this 
technique (Figure 10.2).

All patients at our institution also have diag-
nostic computed tomography–positron emis-
sion tomography (CT-PET) scans as part of 
their workup. The functional imaging can be 
useful in determining the appropriateness of 
resection. In particular, right-sided para-aortic 
lymph node or higher lymph node disease or 
multisite metastatic disease may mean that any 
attempts at local control are deemed palliative.

Examination under Anesthesia/Flexible 
Sigmoidoscopy/Colonoscopy

Every patient due to have a TPE should have 
an examination under anesthesia and flexible 
sigmoidoscopy (if appropriate). The assess-
ment includes the height of the tumor (if rec-
tal) and relationship to the sphincter muscle 
and/or levator muscle/endo pelvic fascia. 

Figure 10.2  .Resection margins for TPE as 
demonstrated on a sagittal MRI scan. Source: Satish 
K. Warrier, Andrew C. Lynch, and Alexander G. Heriot.
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In females a formal vaginoscopy is performed 
to assess the relationship to the posterior 
vagina/anterior vagina and cervix.

At the time, an assessment of fixity posteri-
orly to the sacrum/coccyx and/or a bladder 
evaluation via cystoscopy can be performed.

­Neoadjuvant Therapy

Though outlined in Chapter 4, it is worth stat-
ing that the majority of patients with locally 
advanced pelvic cancer receive neoadjuvant 
therapy prior to TPE. In some cases this will be 
their first exposure to radiotherapy; however, a 
number of centers will also re-irradiate 
patients if it has been a reasonable duration of 
time since their previous radiotherapy. This 
will also depend on the pathology involved.

Surgical Technique

The patient is placed in a modified Lloyd-
Davies position with both arms tucked by the 
side. Where a sacrectomy is being considered, 
the patient is placed on two saline bags placed 
beneath the distal lumbar region to elevate the 
distal sacrum. At the commencement of the 
procedure ureteric catheters are inserted. A 
midline laparotomy and appropriate adehesi-
olysis is performed. A thorough explorative 
laparotomy is carried out to assess for perito-
neal disease. We preferentially use a Balfour 
Doyen retractor to help exposure. In a scenario 
where the small bowel is stuck to the mass, this 
is taken en-bloc with the tumor resection. In 
some cases where multiple loops are stuck to 
the tumor, these are stapled off earlier to facili-
tate small bowel packing. Once the small bowel 
package has been freed, the dissection initially 
is commenced, with mobilization of the sig-
moid and left colon including splenic flexure if 
reconstruction is considered feasible.

The ureters are identified and are slung 
with  a vascular sling (vessel loop) to identify 
and retract them. Both ureters are mobilized 
down to the pelvi-ureteric junction. Careful 

consideration is made of the plane of surgery 
required to facilitate a TPE, with the aim of dis-
section in a plane beyond the tumor to maxi-
mize the potential of an R0 resection margin. 
The total mesorectal excision (TME) plane is 
well recognized around the fascia propria of 
the rectum. Outside of this, the ureteric plane 
will lead to inclusion of the bladder, and either 
the prostate or uterus/vagina, and is the usual 
plane required for TPE. Branches of the inter-
nal iliac artery and vein will cross this plane to 
supply the pelvic organs and must be divided to 
provide delivery of the pelvic organs. Beyond 
the ureteric plane is the vascular plane, con-
taining the iliac vessels. The sacral nerve roots 
lie outside of the vascular plane, with nerves 
exiting the sacral foramina and joining to form 
the sciatic nerve which passes into the greater 
sciatic notch. Beyond the nerves are the pelvic 
muscles including piriformis, and this is sur-
rounded by the bony pelvis. Whilst a standard 
TPE requires dissection is the ureteric plane, 
extension of tumor beyond this plane at any 
site would require extending the resection into 
the other planes, such as a vascular resection if 
there is lateral pelvic sidewall involvement.

The pelvis is usually entered posteriorly 
behind the rectum in the TME plane, then mov-
ing anteriorly, and then laterally. If there is 
extension beyond the central organs at any 
point such as into the sacrum or pelvic sidewall, 
the rest of the dissection is undertaken and then 
the specific area of extension is focused on.

The anterior dissection involves dissection 
along the retropubic space down to the levator 
plate and deep pelvic fascia anteriorly. While 
urological input can be helpful at this point, 
the point of division of the urethra must be 
directed by the exenterative surgeon, as the 
risk of R1 in a complex anterior tumor is often 
at the site of division of the urethra.

Perineal dissection will be necessary if a 
non-restorative procedure is to be undertaken. 
The ability of the abdominal surgeon and the 
perineal surgeon to work together in order to 
identify the correct planes of dissection facili-
tates the procedure (Figure 10.3).
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Uterus and Vagina Involvement

If the uterus and vagina are involved, an R0 resec-
tion is achieved with en-bloc hysterectomy and 
partial vaginectomy +/− posterior vaginectomy. 
The round ligament, broad ligament, and feeding 
vessels are sequentially ligated. A swab or metal-
lic retractor in the vagina can be used to help iso-
late the anterior vaginal wall below the  cervix. 
Where the tumor is low with involvement of the 
posterior vagina, a complete posterior vaginec-
tomy may be required with abdomino-perineal 
resection (APR) en bloc. The anterior vagina is 
opened as described with electrocautery and a 
dual-surgeon approach from above and below is 
adopted for the subsequent dissection. Extensive 
tumors may require removal of the whole vagina, 
with or without the bladder (Figure 10.4).

Anterior Recurrences: Beyond 
the Normal Planes

There are unique challenges with anterior 
located tumors, particularly when it is a 
recurrence. The central axis of the anterior com-
partment at the pelvic floor is the urethra. It is 
bounded by the pubic symphysis and the supe-
rior and inferior rami. Locally advanced rectal 
cancers can often abut this margin, however. 
The authors believe there is a significant risk of 
having a positive anterior margin if transection 
of the urethra is pursued through an anterior 

approach. Ligation of the dorsal venous plexus 
anteriorly in an irradiated field also provides a 
separate challenge. In such cases where the 
margin is believed to be at risk we recommend a 
perineal approach to access the urethra.

Posterior Compartment and Extended 
Bony Resections

Our favored approach for composite bone 
resections below or at the level of S3 is to use 
an abdomino-lithotomy approach. The tech-
nique’s full description is beyond the scope of 
this chapter but is described in Chapter 11. For 
composite resections of bone involving S3 and 
above, a prone approach is preferential. For 
this approach the iliac vessels need to be mobi-
lized off the sacrum. Again, this is described in 
further detail in Chapter 12.

Lateral Pelvic Recurrences

The technique of lateral pelvic sidewall dissec-
tion is beyond the scope of this chapter. It 
is  worth noting that in some instances the 
obturator internus and nerve can be taken en 
bloc if required. Vascular structures includ-
ing proximal ligation of the internal iliac 
artery or vein or in conjunction with common 
iliac resections (and therefore external iliac 
and internal iliac vessels) can be taken with 

Figure 10.3  Male TPE specimen, including rectum, 
bladder, and prostate. Note catheter extending 
from prostate. Source: Satish K. Warrier, Andrew C. 
Lynch, and Alexander G. Heriot.

Figure 10.4  Female TPE specimen, shown from 
below, demonstrating opening into bladder, vagina, 
and rectum, from left to right. Source: Satish K. 
Warrier, Andrew C. Lynch, and Alexander G. Heriot.
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appropriate reconstructions. In advanced cases 
the obturator nerve or sciatic nerve can be 
removed en bloc to ensure a clear margin.

Intraoperative Radiation Therapy

Intraoperative radiation allows for boost radia-
tion to the tumor bed following surgical resec-
tion. Customized flexible applicators are 
applied with precise delivery of a single frac-
tion of radiotherapy to the surgical bed. 
Usually this is an additional 10 Gy. The pene-
tration is for a short distance (5 mm) and is 
considered an adjunct treatment where an R0 
resection is not possible due to bony limita-
tions, or where a close margin is considered 
likely due to nerve and vascular preservation 
attempts. It is not considered an alternative to 
an aggressive surgical resection.

Utilizing intraoperative radiotherapy (IORT) 
is considered low toxicity, with relative sparing 
of adjacent tissues. The ureters and neurovas-
cular structures can be protected with appro-
priate packing and shields. The existing 
literature demonstrates considerable heteroge-
neity; however, data suggest improved five-
year local control [13].

Reconstruction

Large defects are common following pelvic 
exenteration surgery. Many options exist to 
close these defects, including the use of myocu-
taneous abdominal, gluteal-based, or thigh-

based pedicelled flaps. Our initial series of 
reconstructions involved the use of vertical 
rectus myocutaneous (VRAM) flaps. These 
flaps are robust, are desirable for partial vagi-
nal reconstruction, and can fill a sizable defect. 
However, they come at a significant cost and 
morbidity for the patient. More recently, our 
unit has transitioned to an inferior gluteal 
artery myocutaneous (IGAM) island transposi-
tion flap, with anterolateral thigh flaps used as 
a second option where the internal iliac vessels 
have been ligated bilaterally.

For the perineal defect there are select cases 
where a biosynthetic mesh is used to help aid 
the perineal closure.

Adjuncts to Care: Urinary and Sexual 
Function and Ostomy Placement

Sexual function, urinary function, and ostomy 
placement and care are all impacted by exenter-
ative surgery. Specialist nurses and clinics help 
to deal with the patient’s needs and set appropri-
ate expectations and aid in problem solving.

Stomal siting is important. The ostomy 
should be at least 3 cm from the costal margin 
in the mid rectus and away from the iliac crest. 
Examination in both a standing and sitting 
position is empirical. Where dual ostomies are 
required, the urostomy should be placed 
higher. Where a VRAM flap is used, fixed ana-
tomical landmarks provide a guide due to the 
variability in the final skin position.

Summary Box

●● TPE involves the en-bloc removal of all 
the pelvic organs, rectum, prostate, and 
bladder in male patients, and the rectum, 
uterus, ovaries, vagina, and bladder in 
female patients.

●● Modifications of TPE to achieve negative 
margins including bony resection and/or 
vascular resection and reconstruction 
are  important skills for the exenterative 
team.

●● TPE is more common in male patients as 
compared to female in the case of rectal 
cancer, as the vagina acts as a barrier to 
bladder trigone invasion.

●● TPE may rarely be considered for the 
palliative management of advanced pelvic 
malignancy or for unmanageable malig-
nant cutaneous/vaginal wounds.

●● There are several reconstructive options to 
consider and tailor for each individual patient.
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A dedicated sexual function clinic is availa-
ble in our center. Appropriate aids such as 
phosphodiesterase type 5 (PDE5) inhibitors 

and injectable agents can help with the sexual 
health of patients. Psychological counseling is 
also necessary. 
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Background

The pelvis has long posed challenges for pelvic 
surgeons by providing a bony cage that limits 
surgical access. The close proximity of bony 
structures to pelvic viscera, such as the close 
proximity of the sacrum to the extraperitoneal 
rectum, places the sacrum and other bony pel-
vic structures at risk of involvement in primary 
or recurrent malignancy. Composite resection, 
when malignancy extends into the sacrum, 
means that any pelvic exenteration to be 
undertaken will require the addition of bone 
resection in order to obtain clear margins.

While pelvic exenteration was first described 
in 1948 by Brunschwig  [1], bony resection 
with extenuation was not described until over 
20 years later in 1969 by Brunschwig and 
Barber [4]. Following this, bony resection was 
not described in the literature until reports by 
Wanebo and Marcove in 1981  [5] and Takagi 
et al. in 1983 [6], both describing series of exen-
teration with en-bloc sacrectomy for recurrent 
rectal cancer. These series demonstrated accept-
able mortality for the times and some cases of 
long-term survival, leading to more widespread 
adoption of the technique. Improved outcome 
over decades can be attributed to improvements 
in patient selection, radiological assessment of 

extent of disease, surgical technique, and anes-
thetic and perioperative care.

The aim of an extended resection involving 
bone is to achieve an oncological (R0) resec-
tion, while maintaining acceptable function 
and minimizing operative morbidity. Bony 
resection is indicated in cases where soft tissue 
resection alone would pose a risk to positive 
surgical margins. When disease is localized in 
the pelvis it is almost always technically possi-
ble to resect it; however, the extent of resection 
should also be based on patient considerations 
and impact on quality of life.

Patients with advanced primary or recurrent 
rectal cancer comprise the majority of patients 
undergoing bony resection. Less common indi-
cations include advanced primary or recurrent 
anal squamous cell cancer (SCC), presacral/
retrorectal tumors including chordomas, and 
advanced malignancy arising from other pelvic 
viscera (Table 11.1).

The close proximity of the sacrum to locally 
advanced or recurrent rectal cancer can place 
margin status at risk, even if there is no evidence 
of direct bone involvement. Retrospective data 
from 27 centers contributing over one-thousand 
cases to the PelvEx Collaborative suggest that 
bony resection is associated with a significantly 
lower margin positivity rate  [2]. These data 
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demonstrate that appropriate bony resection can 
contribute to improved oncological outcome.

Presacral/retrorectal tumors represent a het-
erogenous group of rare tumors extending 
along a spectrum from benign to malignant 
conditions  [7]. Whilst previous en-bloc surgi-
cal excision was undertaken for such tumors 
given diagnostic uncertainty and malignant 
potential, improved imaging with magnetic 
resonance imaging (MRI) has improved preop-
erative diagnosis. Cystic lesions with no con-
cerning features on MRI can be monitored 
radiologically without resection [8]. Such rare 
tumors need discussion within the multidisci-
plinary team (MDT) in a center with experi-
ence and interest in this area [7].

Anatomical Considerations

The morbidity and long-term function of bony 
exenteration are directly related to the extent 
of bony resection and resulting functional and 
neurological impairment. The majority of 
bony exenterations involve resection of the 

sacrum; however, anterior and lateral bony 
pelvic resections are technically possible in 
order to obtain clear margins.

Sacral Resection

The majority of the sacrum can be resected dur-
ing bony exenteration. Pelvic stability requires 
the presence of the upper half of S1 vertebrae, 
and thus this level is considered the limit for 
sacrectomy without internal fixation. Whilst 
the authors would caution against resection 
above this level, there are reports of spinopelvic 
fixation facilitating total sacrectomy; however, 
this is usually reserved for chordomas and bony 
sarcomas [9]. Following high sacrectomy there 
is a risk of subsequent stress fractures that may 
require delayed internal fixation.

High Sacrectomy (S1/S2) Versus Low 
Sacrectomy (S3 and Below)

The level of sacral transection has implications 
for operative planning as well as morbidity and 
complications. Sacrectomy can be divided into 

Table 11.1  Bony exenteration: indications and contraindications.

Indications Contraindications

Common
●● Locally advanced primary rectal cancer
●● Recurrent rectal cancer

Uncommon
●● Advanced/recurrent anal SCC
●● Rare presacral tumors

–– Bone sarcomas (Ewing’s, osteogenic sarcoma, 
chondrosarcoma, myeloma)

–– Soft tissue sarcomas (liposarcoma, fibrosarcoma, 
leiomyosarcoma)

–– Spinal/neurogenic tumors (chordoma, neuroblas-
toma, ganglioneuriblastoma, MPNSTs)

–– Germ cell tumors (teratocarcinoma)
–– Benign tumors and cystic lesions

●● Bony metastasis1 (i.e. melanoma, renal cell 
carcinoma)

●● Lymphoma1

●● Sacral osteomyelitis

Metastatic disease
Poor premorbid state
Poor psychological state
Unacceptable functional outcome

MPNST, Malignant peripheral nerve sheath tumor.
1 Considered controversial.
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“low sacrectomy” to denote resections at or 
below the level of S3 or “high sacrectomy” for 
resections above this level (S1/S2).

High sacrectomy can result in bladder dysfunc-
tion due to division of the S2 and S3  nerve 
roots [10, 11]. The division of sacral nerve roots 
results in motor function disturbance, with 
increased morbidity resulting from high sacrec-
tomy [11]. Bowel disfunction may also be an issue 
due to the nerve supply (S2–S3) being damaged, 
leaving the patient with a flaccid anus; however, 
in reality most patients have their rectum resected 
and as such end up with a permanent colostomy.

In addition, the close proximity of the iliac 
vessels to the upper sacrum increases the risk 
of major hemorrhage at the time of sacrec-
tomy. Surgical planning can mitigate this risk 
and is discussed in detail in the section ‘Lateral 
Pelvic Resection’.

Despite the aforementioned anatomical con-
siderations posing a risk with increased mor-
bidity of high sacrectomy, some high-volume 
centers can achieve good results with high 
sacrectomy, with no increased complication 
rate when compared to low sacrectomy [12, 13].

Anterior Pubic Resection

Solomon et  al. demonstrated that partial and 
even complete pubic bone resection is possible 
in cases of advanced malignancy involving the 
pubis [14]. The pelvis remains structurally sta-
ble despite complete excision of the pubic bone, 
although these authors do report utilizing poly-
propylene mesh to reconstruct the pelvic con-
tour. Anterior pubic resection is not an overly 
difficult procedure and is most likely underuti-
lized. Solomon et al. [14] report similar experi-
ence to the authors with no perioperative 
mortality with this procedure and an acceptable 
R0 rate (76%) and five-year survival (53%) in a 
cohort comprising mostly recurrent rectal ade-
nocarcinoma and recurrent anal SCC [15].

Lateral Pelvic Resection

The close proximity of iliac vessels, ureter, and 
nerves in the pelvic sidewall has resulted in 

historical high margin rates and poor progno-
sis following exenteration for disease in the lat-
eral pelvic compartment  [16]. Progression of 
surgical technique has led to en-bloc resection 
of lateral pelvic sidewall structures, resulting 
in improved outcomes for recurrent rectal can-
cer in this region [17]. The en-bloc technique 
described by Solomon et  al. includes bony 
resection where appropriate, with excision of 
the ischium and/or pubis to obtain clear 
margins.

Hemipelvectomy is a most radical form of 
pelvic resection. External hemipelvectomy 
(hindquarter amputation) results in significant 
morbidity, whilst internal hemipelvectomy 
with internal reconstruction with titanium 
hemipelvis can allow limb salvage. Whilst 
hemipelvectomy is rarely performed for sar-
coma, the reported results for pelvic visceral 
carcinoma extending laterally are dismal [18]. 
For this reason, extensive disease requiring 
such a major bony resection should generally 
be considered unresectable.

Patient Workup Specific to Bony 
Resection

Patients being considered for bony exentera-
tion require thorough preoperative workup/
assessment to assess:

●● Extent of disease (resectability)
●● Presence of metastatic disease (futility)
●● Premorbid function and suitability for major 

exenteration (fitness)

History and Examination

Reviewing the symptoms and investigations 
with particular attention to the presence of 
bowel, bladder, and neurological dysfunction 
with the patient is important. It is valuable to 
discuss preoperative continence and sexual 
function prior to planning any exenterative 
procedure as this may influence decision-
making. This is especially so when dealing 
with a recurrent tumor, as it is important to 
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understand and document what has been done 
previously and what level of pre-existing treat-
ment/disease-related collateral injury exists.

A pelvic and lower limb neurological exami-
nation will help identify pre-existing neuro-
logical deficits from tumor invasion or nerve 
compression and will provide clues as to the 
degree of nerve root involvement. This may 
also guide discussion with patients about the 
potential for neurological deficit following 
bony exenteration.

Rectal examination will allow some assess-
ment of tumor size, location, and extent of fix-
ation to bony structures. Assessment of the 
prostate should be undertaken in men and 
assessment of the vagina in women to deter-
mine tumor involvement. At times this may be 
best done with a formal examination under 
anesthetic (EUA).

Radiology

Local staging of pelvic tumor should be under-
taken with both a computed tomography (CT) 
of the abdomen and pelvis and MRI of the pel-
vis. Of these modalities, MRI provides more 
accurate assessment of pelvic disease burden 
and bone involvement (Figures  11.1–11.3). If 

there is concern for vascular involvement, CT 
angiography/venography assists in operative 
planning. CT-PET is most helpful in avoiding 
futile operations by ensuring localized dis-
ease [19] (Figure 11.3).

Our pratice is to re-image and restage 
48 hours prior to surgery. Given the morbidity 
of sacrectomy, repeating the staging just prior 
to surgery will in some instances identify new 
metastatic disease, precluding bony exentera-
tion. Furthermore, restaging can identify local 
progression that would prevent an R0 resec-
tion, where more extensive surgery may be 
required or to the extent that patients are best 
managed non-operatively.

Imaging-guided biopsy is sometimes of use 
where there is uncertainty about what bony 
lesion is. With recurrent or primary rectal 
cancers the use of clinical information, such 
as carcinoembryonic antigen (CEA), CT, and 
PET, and if necessary sequential imaging 
with MRI usually clarifies the clinical issue. 
As an alternative diagnosis, however, will 
often alter treatment choices, where there is 
uncertainly that there is a metastases to the 
sacrum (Figure  11.1), as opposed to local 
invasion, image-guided biopsy might be 
considered. Primary presacral lesions not 

Figure 11.1  Colorectal metastasis to S2/3. Source: Timothy Chittleborough, Gordon Beadel, and Frank 
Frizelle.
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involving the rectum may also be considered 
for biopsy. The concerns, however, about 
biopsy are the issues of contamination of the 
biopsy tract and management around inter-
pretation of a negative biopsy. When electing 
to perform imaging-guided percutaneous 
biopsy it should be performed in consulta-
tion with the treating surgical team so that 
the biopsy tract can be tattooed at the time of 
biopsy for subsequent excision with the sur-
gical specimen at time of pelvic exenteration. 

A transrectal, parasacral, or perineal 
approach usually facilitates en-bloc excision 
of the tract at time of surgery.

Anesthetic Assessment

Patients being considered for pelvic exentera-
tion should undergo a high-risk anesthetic pre-
assessment clinic. It is essential that the 
assessing anesthetist has experience of high-
risk surgery that involves sacral resections, 

Figure 11.2  Postoperative MRI following S1/2 sacrectomy. Source: Professor Timothy Chittleborough, 
Gordon Beadel, and Frank Frizelle.

Figure 11.3  CT-PET showing involvement of the distal sacrum with recurrent rectal cancer. Source: 
Timothy Chittleborough, Gordon Beadel, and Frank Frizelle.
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internal iliac vessel mobilization and/or liga-
tion, substantial blood loss, and multiple 
patient repositioning.

Concerns about cardiovascular fitness are 
not uncommon given the age of the patients. 
Cardiopulmonary exercise testing (CPET) 
can be useful when there is concern as it pro-
vides an objective assessment of fitness 
for surgery [20–22]. CPET should be consid-
ered as part of preoperative assessment for 
patients being considered for bony resection/
pelvic exenteration to provide patients and 
clinicians with an accurate assessment of 
operative risk.

Prehabilitation is a vital process to opti-
mize nutritional status, physical fitness, and 
psychological preparedness prior to major 
surgery. Though there is a paucity of evi-
dence to support multimodal interventions 
in major colorectal surgery [23], there is evi-
dence from a retrospective cohort study that 
a structured exercise program prior to major 
cancer surgery results in improvement in 
cardiopulmonary function as assessed by 
CPET [23].

Multidisciplinary Meeting

Cases being put forward for bony resection 
should be reviewed in a multidisciplinary 
meeting (MDM) setting which has expertise 
in advanced pelvic malignancy. Bony 
resections typically require the assistance 
of an orthopedic/spinal surgeon, who 
should be involved in the MDM discussion 
regarding suitability for surgery and extent 
of bony  resection. Bony resection usually 
results in a large tissue defect and preopera-
tive planning for flap reconstruction should 
be undertaken with a plastic/reconstructive 
surgeon.

In referral-type practices, many patients 
travel a distance for this surgery; as a result it is 
the authors’ practice to admit patients at 
24–48 hours prior to planned bony exenteration 
to allow for discussion with team members, 

inpatient bowel preparation (when needed), 
stoma site marking, and restaging CT chest/
abdomen and pelvis and MR pelvis imaging to 
be conducted.

Neoadjuvant treatment

Our practice is to utilize neoadjuvant chemo-
radiotherapy where appropriate. This is more 
so with bone resect patients having extenua-
tive procedures than those having soft tissue 
alone resections, because close margins can be 
an issue with bony resection. Advanced pri-
mary rectal cancers involving or abutting the 
sacrum should undergo long-course chemora-
diotherapy, as should recurrent carcinomas 
that have not been previously irradiated [24]. 
Bony resections performed for other indica-
tions (i.e. sarcoma) can also benefit from irra-
diation, but this will depend on the particular 
tumor type.

If the patient requires a defunctioning stoma 
formed prior to radiation due to local symp-
toms, careful consideration needs to be given 
to the type of stoma(s) required at the final 
resection, what type of flaps may be required 
for reconstruction, and what surgical damage 
has already occurred to the abdominal wall/
musculature.

Patients who have undergone previous pel-
vic irradiation are usually not candidates for 
re-irradiation. A multicenter trial of re-
irradiation with 40.8 Gy with infusional 
fluorouracil (5-FU) in recurrent cancer dem-
onstrated acceptable side effects and a 
response rate of 41%  [25]). Our  [25] own 
experience is that neoadjuvant chemoradio-
therapy provides an increase in R0 resec-
tion  [26]. Despite this, the larger PelvEx 
Collaborative series demonstrated that neo-
adjuvant chemoradiotherapy conferred no 
survival advantage in recurrent rectal cancer, 
and was indeed associated with increased 
complication and readmission rates [2]. Our 
usual practice is not to re-irradiate the pelvis 
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in cases of recurrent rectal cancer, although 
we routinely involve a radiation oncologist 
in each case discussion in our advanced pel-
vic malignancy MDM. In select circum-
stances where re-irradiation is considered, 
this is dependent on previous radiation dos-
age/fractionation and radiation field.

There is no survival benefit from neoadju-
vant chemotherapy alone in recurrent rectal 
cancer patients intended for curative sur-
gery  [26], and this does not form part of our 
treatment algorithm.

Operative Technique

Thorough consideration needs to be given to 
the extent of resection and surgical approach 
in order to maximize the chances of success-
ful resection with clear margins. Our surgical 
exenterative team consists of a colorectal sur-
geon, orthopedic surgeon, urologist, vascular 
surgeon, gynecological oncological surgeon, 
and plastic surgeon. For such major proce-
dures we schedule an all-day theater session, 
and book an intensive care bed for postopera-
tive care. A prolonged, major resection of this 
nature can result in surgeon fatigue, and our 
team is cognizant of human factors that can 
reduce performance. The multidisciplinary 
nature of exenterative surgery allows sur-
geons to scrub out to minimize the risk of 
fatigue.

Surgical Approach

Surgery is usually initially undertaken in 
Lloyd-Davies position, and when undertaking 
rectal resection with en-bloc sacrectomy it is 
not the intent to reconstruct enteric continuity. 
For low sacrectomy/coccycectomy the patient 
can be repositioned following abdominal dis-
section to the prone jack knife position or 
resection can occur without turning in some 
circumstances [27]. Tumor involvement above 
the S3 level necessitates high sacrectomy and 

this can only be performed in the prone jack-
knife position.

Thromboembolic-deterrent stockings and 
sequential compression devices are routine to 
mitigate the risk of venous thromboembolism 
during the procedure. Bilateral ureteric cathe-
ters are inserted in appropriate cases requiring 
sacrectomy and secured to an indwelling urinary 
catheter. Prior to incision the abdomen is marked 
for a vertical rectus abdominis myocutaneous 
(VRAM) flap to ensure that midline incision 
does not impair subsequent flap formation. The 
institutional preference is to use a rectus muscle 
flap without skin where possible, reserving flaps 
involving skin for larger tumors in which there is 
a significant perineal skin defect present. This 
approach helps prevent perineal herniation 
whilst minimizing flap-related complications 
and preserving perineal skin sensation.

A full-length midline laparotomy is per-
formed, as this incision facilitates access to the 
pelvis and splenic flexure and is required for 
VRAM flap formation. Initial assessment is 
undertaken for evidence of radio occult meta-
static disease, which if present would suggest 
exenteration and sacrectomy to be futile. 
Adhesiolysis is undertaken to access the pelvis 
in reoperative cases. Prior to embarking on pel-
vic dissection, the ureters are identified as they 
cross the bifurcation of the iliac arteries.

The common practice is to perform the ante-
rior dissection including division of the upper 
rectum, construction of the urinary conduit (if 
required), and harvesting the myocutaneous 
flap before temporary abdominal closure to 
allow repositioning to the prone jack-knife 
position for sacrectomy and en-bloc removal of 
the specimen. The patient is then repositioned 
in the supine position to allow formation of an 
end colostomy and definitive closure of the 
abdominal cavity.

Negative surgical margins are the key to suc-
cessful exenteration with sacrectomy. Pelvic 
dissection is undertaken following considered 
operative planning and review of the preopera-
tive imaging. Whilst there is the temptation for 



Extended Exenterative Resections Involving Bone104

colorectal surgeons to dissect in the mesorectal 
plane, doing so may result in compromised 
margins in cases of advanced and recurrent 
pelvic malignancy. The correct plane of dissec-
tion for recurrent disease is different than for 
primary disease and is deeper, leading to skel-
etonization of vessels and other structures. 
The exact extent of resection and approach will 
depend on the location and burden of pelvic 
disease.

When undertaking a high sacrectomy 
(S2 and above) the iliac vessels are fully mobi-
lized as part of the anterior dissection. The 
internal iliac arteries and veins are ligated at 
their origins. An alternative to this is to under-
take preoperative angioembolization of the 
internal iliac arteries, although this may not 
be as helpful as surgical ligation. The com-
mon and external iliac artery and vein are 
fully mobilized and a pack is placed posterior 
to these vessels (between the iliac vessels and 
sacrum) to provide protection during subse-
quent sacrectomy.

By comparison, when undertaking a low 
sacrectomy (S3 and below) the iliac branches 
can be segmentally ligated at the level of sacral 
division. Both low and high sacrectomy may be 
performed in the prone position following the 
anterior dissection. Low sacrectomy can, how-
ever, be performed in the modified Lloyd-
Davies position without the need to reposition 
into the prone position. This approach has sev-
eral advantages, including avoiding the need to 
reposition an anesthetized patient, improved 
vascular control, and improved access to the 
lateral compartments [27].

The extent of the lateral dissection from the 
anterior position is critical. Seldom are cancers 
exactly in the midline, they are commonly off 
to one side of other. The need for an extended 
dissection laterally on one side is common, and 
we find that this is best done from behind. It is 
therefore important to take advantage on the 
contralateral side by dissection further, while 
restricting dissection on the tumor side.

If possible it is worth making a perineal 
incision anterior to the rectum joining the 

abdominal cavity to the perineum and therefore 
allowing for a finger to be inserted during 
the  initial stages of the sacrectomy to palpate 
the lateral aspects of dissection. As the dissec-
tion moves proximally this incision can be 
extended, allowing tactile input to deciding the 
extent of the lateral margins.

If the bladder has been resected, the ileal 
conduit may be constructed at this stage, leav-
ing it free in the abdominal cavity, as the small 
bowel will swell with time and subsequent 
anastomosis is more challenging.

Once all anterior and lateral dissection is 
completed, the rectum is divided, the VRAM 
flap is harvested, and temporary closure of 
the abdominal wall is undertaken with skin 
clips to allow repositioning to the prone posi-
tion. Following sacrectomy the patient is 
returned to the supine position to allow 
definitive closure of the abdominal wall, for-
mation of an end colostomy in the left iliac 
fossa, and formation of a urostomy (where 
required).

Technique for Sacrectomy

Following repositioning to the prone position 
and further skin preparation and draping, a 
“tennis racquet” incision is made to encircle the 
anus and extend superiorly in the midline to 
above the desired level of sacral division. 
Dissection continues through the ischiorectal 
fossa inferiorly, and superiorly the deep fascia 
and gluteus maximus are released laterally 
from the posterior sacrum. The dissection is 
then continued through the superiorly ischio-
rectal fossa on each side and to where the 
greater sciatic notch is exposed and the sacros-
pinous and sacrotuberous ligaments are divided 
at a safe distance laterally from the tumor mass. 
Where possible the sciatic nerve should be 
mobilized at this time and preserved, although 
it should be sacrificed in cases of direct tumor 
invasion.

Anterior dissection is then undertaken to 
meet the abdominal dissection – either in the 
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retropubic space (in the case of total exen-
teration) or with a standard mesorectal exci-
sion with or without posterior vaginectomy 
(in cases where bladder preservation is 
possible).

Once all other aspects of the dissection are 
complete, the sacrum is exposed at the desired 
level of division (this can be confirmed with 
image intensified if desired). The posterior 
laminar is removed with rongeurs. The sacral 
nerve roots are exposed using Kerrison 
Rongeur to preserve the nerve roots just supe-
rior to the level of resection. The spinal cord is 
ligated distal to the preserved nerve roots with 
a heavy ligature before sharp division is under-
taken. The sacrum is then divided with an oste-
otome to reach the presacral tissue. The 
presacral tissue is divided with diathermy to 
reach the abdominal dissection and allow 
extraction of the specimen.

Following sacrectomy and extraction of the 
specimen, meticulous pelvic hemostasis is 
undertaken. Careful hemostasis throughout 
this operation is important using suture, 
energy devices, and/or hemostatic agents. 
Major exenteration frequently results in sig-
nificant blood loss and transfusion require-
ments, which may need hematology input and 
thromboelastography (TEG) monitoring.

Reconstruction

Exenteration in particular that involves bony 
resection/sacrectomy results in a large tissue 
defect that is not possible to be closed primarily. 
Flap reconstruction functions to cover the 
defect with healthy tissue and prevent perineal 
herniation by reducing pelvic “dead space.” The 
VRAM is advantageous as it is robust and not 
from the radiation fields, and confers relatively 
little morbidity. A series of VRAMs following 
major pelvic exenteration demonstrated a rela-
tively low rate of 16% of major flap complica-
tions requiring return to theater  [28]. When 
compared to other pedicled myocutaneous flaps 
such as gluteal flaps, we prefer the VRAM as it 
is derived from tissue distant from the site of 

radiotherapy, ensuring healthy flap tissue with 
adequate perfusion.

In addition to VRAM, we find other tech-
niques to prevent herniation of the small bowel 
into the pelvic cavity are useful, including a 
pedicled omental flap. In cases where anterior 
structures remain (bladder/uterus) following 
exenteration, these are positioned to further 
reduce the risk of pelvic/perineal herniation.

Intraoperative Radiotherapy

Intraoperative radiotherapy (IORT) may be a 
useful on-table adjunct for patients with border-
line resectable disease. In cases in which there is 
suspicion of a macroscopically close or involved 
margin or minimal residual disease in an unre-
sectable location (e.g. abutting S1), IORT can be 
applied to the remaining sacrum following exci-
sion of the surgical specimen [10].

There is a paucity of quality evidence regard-
ing the effectiveness of IORT due to small sam-
ple sizes and heterogeneity in series reporting 
its use in conjunction with sacrectomy. When 
considering IORT as an adjunct to surgical 
management it is important to consider the 
morbidity associated with IORT in this popula-
tion, including impaired wound healing, 
wound breakdown, fistula, infection, and late 
effects such as ureteric stenosis, neuropathy, 
and osteonecrosis  [10]. A series of IORT in 
locally advanced or recurrent rectal cancer in 
which 10 Gy was delivered to the tumor bed 
reported significant toxicity in 37% of patients, 
comprising wound breakdown, abscesses, soft 
tissue toxicity, bowel obstructions, ureteric 
obstructions, and sensory neuropathies [29].

Novel Approaches in Sacrectomy

Partial Anterior Sacrectomy

A partial sacrectomy has been reported, in 
which only the anterior cortex is excised en bloc 
with the specimen [30, 31]. This is described as 
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a technique for tumor that  involves/abuts the 
upper sacrum that would otherwise require a 
high sacrectomy. Proposed advantages of such 
a technique include maintaining pelvic stability 
and minimizing neurological deficit. One 
group  reporting anterior sacrectomy concede 
that the procedure will compromise oncologi-
cal resection when compared to a traditional 
sacrectomy [31].

Laparoscopic Sacrectomy

Reports of laparoscopic pelvic exenteration 
involving sacrectomy have been reported [32]. 
The authors consider complex reoperative 
pelvic surgery, prolonged operative time, and 
need for a sacrectomy as contraindications to 
a laparoscopic approach; however, this may 
change with the use of robotics in the future.

Outcomes

Bony resection and achieving clear margins 
have been shown to confer positive pro
gnostic significance in pelvic exenteration 
[2, 3, 26]. Mean survival following exentera-
tion in  the PelvEx Collaborative series of 
exenteration for recurrent rectal cancer has 
been  shown to be 36 months for patients 
that  underwent bony resection, compared 
to  29 months for patients without bony 
resection [2].

Of note, there is no significant survival dif-
ference between patients undergoing high 
versus low sacrectomy. A large international 
sacrectomy series for rectal cancer demon-
strated no significant difference in overall 
survival at five years following high and low 
sacrectomy (52.6 and 44.1% respectively). 
Only margin positivity and advanced age 
were significant predictors of mortality [33]. 
Whilst a series from a high-volume exentera-
tion center demonstrated no difference in 
complications between high and low sacrec-
tomy  [12], a subsequent systematic review 
of  220 sacrectomies for recurrent rectal 

cancer demonstrated incremental increase in 
complications and length of stay with a 
higher level of sacral division [3]. This review 
did, however, demonstrate increased margin 
positivity with distal sacrectomy, encourag-
ing the adoption of high sacrectomy where 
required in order to achieve clear surgical 
margins (Table 11.2).

Morbidity following bony resection is high, 
with the majority of patients suffering a com-
plication. An Australian series of sacrectomy 
for recurrent rectal cancer reported major 
complications in 39% of patients, with 24% 
requiring return to theater and 14% requiring 
placement of a radiologically guided drain. 
Eighty-two percent of patients suffered some 
form of complication [12].

Functional impairment following sacrec-
tomy can be predicted by premorbid impair-
ment, tumor extent, and level of sacrectomy/
nerve division  [11]. Persisting morbidity 
includes sensory and motor deficits and neuro-
genic bladder. High sacrectomy with division 
of the S1/S2 nerve roots will result in neuro-
genic bladder requiring either long-term cath-
eterization or intermittent self-catheterization. 
Motor deficits from high nerve root division 
and/or sciatic nerve division can be managed 
with orthotics. Almost all patients undergoing 
sacrectomy will suffer from sexual dysfunc-
tion. Given the morbidity of high sacral nerve 
root division, consideration should be given to 
the unilateral preservation of the S1/S2 nerve 
roots where possible to minimize functional 
impairment.

A prospective cohort study of quality of life 
following pelvic exenteration for rectal can-
cer from two Australian centers demon-
strated an expected drop in quality of life 
immediately following surgery, with improve-
ment occurring from 3 months and continu-
ing until 12 months following surgery. This 
group found that premorbid quality of life 
was the best predictor of postoperative 
quality of life, and that bony resection was 
associated with lower quality of life scores at 
12 months [34]. 
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Table 11.2  Series of en-bloc sacrectomy for recurrent rectal adenocarcinoma. Summary of data extracted 
from studies included in the review by Sasikumar [3].

Khaled 
et al., 
2014 [35]

Melton 
et al., 
2006 [36]

Moriya 
et al., 
2004 [13]

Milne 
et al., 
2013 [12]

Bhangu 
et al., 
2012 [37]

Dozois 
et al., 
2011 [38]

Uehara 
et al., 
2015 [39] Summary1

Total, n 19 29 57 49 22 9 35 220

Median  
age, years

62 60 55 59 61.3 63 66 60 (55–66)

High 
sacrectomy

13 0 9 20 5 9 6 62 (28)

Low 
sacrectomy

6 29 48 29 17 0 26 155 (70)

Operation 
time, 
minutes

624 – 709 725 570 822 992 717 (570–992)

Blood  
loss, ml

5000 5000 3046 6200 1725 3700 2653 3700 
(1725–6200)

R0 19 18 48 36 15 9 27 172 (78)

R1 0 10 9 11 7 0 8 45 (20)

R2 0 1 0 2 0 0 0 3 (1)

Mortality 1 1 2 0 0 0 0 4 (2)

Morbidity 15 13 31 19 15 3 18 114 (52)

LOS 
median

20 18 35.1 37 15 22 46 22 (15–46)

DFS R0 13 9 26 25 9 3 20 95 (55)

DFS R1 0 0 0 0 0 0 0 0

OS R0 14 14 27 34 11 3 20 123 (72)

OS R1 0 0 0 0 1 0 7 8 (18)

F/U, 
months

38 23 42 17 26 60 33 33 (17–60)

DFS, Disease-free survival; F/U, follow-up; LOS, length of stay; OS, overall survival.
1  Values stated are n (percentage) and/or median (range).
Source: Sasikumar A, Bhan C, Jenkins JT, Antoniou A, Murphy J Systematic Review of Pelvic Exenteration With En 
Bloc Sacrectomy for Recurrent Rectal Adenocarcinoma: R0 Resection Predicts Disease-free Survival. Dis Colon 
Rectum. 2017;60:346-352. © 2017, The American Society of Colon and Rectal Surgeons.

Summary Box

●● Centers embarking on extended exentera-
tive surgery involving bone require a com-
mitted MDM to achieve good results.

●● Patient selection is critical. Workup should 
include a thorough anesthetic/medical 
workup and consideration should be given to 
preoperative optimization (prehabilitation).

●● Extensive counseling of the patient is nec-
essary regarding the morbidity of bony 

resection, especially important when con-
sidering high sacrectomy.

●● Accurate staging and multidisciplinary 
operative planning are the key to achiev-
ing clear margins. Stage appropriately and 
plan radical resection to achieve an R0 
resection

●● Neoadjuvant radiotherapy can improve 
the rate of R0 resection.



Extended Exenterative Resections Involving Bone108

References

	1	 Brunschwig, A. (1948). Complete excision of 
pelvic viscera for advanced carcinoma; a 
one-stage abdominoperineal operation with 
end colostomy and bilateral ureteral 
implantation into the colon above the 
colostomy. Cancer 1 (2): 177–183.

	2	 PelvEx Collaborative (2018). Factors 
affecting outcomes following pelvic 
exenteration for locally recurrent 
rectal cancer. Br. J. Surg. 105 (6):  
650–657.

	3	 Sasikumar, A., Bhan, C., Jenkins, J.T. et al. 
(2017). Systematic review of pelvic 
exenteration with en bloc sacrectomy for 
recurrent rectal adenocarcinoma: R0 
resection predicts disease-free survival. Dis. 
Colon Rectum 60 (3): 346–352.

	4	 Brunschwig, A. and Barber, H.R. (1969). 
Pelvic exenteration combined with resection 
of segments of bony pelvis. Surgery 65 (3): 
417–420.

	5	 Wanebo, H.J. and Marcove, R.C. (1981). 
Abdominal sacral resection of locally 
recurrent rectal cancer. Ann. Surg. 194 (4): 
458–471.

	6	 Takagi, H., Morimoto, T., Kato, T. et al. 
(1983). Pelvic exenteration combined with 
sacral resection for recurrent rectal cancer. J. 
Surg. Oncol. 24 (3): 161–166.

	7	 Ghosh, J., Eglinton, T., Frizelle, F., and 
Watson, A. (2007). Presacral tumours in 
adults. Surgeon 5 (1): 31–38.

	8	 Hopper, L., Eglinton, T.W., Wakeman, C. 
et al. (2016). Progress in the management of 
retrorectal tumours. Colorectal Dis. 18 (4): 
410–417.

	9	 Zhang, H.Y., Thongtrangan, I., Balabhadra, 
R.S. et al. (2003). Surgical techniques for 
total sacrectomy and spinopelvic 
reconstruction. Neurosurg. Focus 15 (2): E5.

	10	 Heriot, A.G., Tekkis, P.P., Darzi, A., and 
Mackay, J. (2006). Surgery for local 
recurrence of rectal cancer. Colorectal Dis. 8 
(9): 733–747.

	11	 Moran, D., Zadnik, P.L., Taylor, T. et al. 
(2015). Maintenance of bowel, bladder, and 

motor functions after sacrectomy. Spine J. 15 
(2): 222–229.

	12	 Milne, T., Solomon, M.J., Lee, P. et al. (2013). 
Assessing the impact of a sacral resection on 
morbidity and survival after extended radical 
surgery for locally recurrent rectal cancer. 
Ann. Surg. 258 (6): 1007–1013.

	13	 Moriya, Y., Akasu, T., Fujita, S., and 
Yamamoto, S. (2004). Total pelvic 
exenteration with distal sacrectomy for fixed 
recurrent rectal cancer in the pelvis. Dis. 
Colon Rectum 47 (12): 2047–2054.

	14	 Solomon, M.J., Austin, K.K.S., Masya, L., and 
Lee, P. (2015). Pubic bone excision and 
perineal urethrectomy for radical anterior 
compartment excision during pelvic 
exenteration. Dis. Colon Rectum 58 (11): 
1114–1119.

	15	 Austin, K.K.S., Herd, A.J., Solomon, M.J. et al. 
(2016). Outcomes of pelvic exenteration with 
en bloc partial or complete pubic bone excision 
for locally advanced primary or recurrent pelvic 
cancer. Dis. Colon Rectum 59 (9): 831–835.

	16	 Heriot, A.G., Byrne, C.M., Lee, P. et al. 
(2008). Extended radical resection: the 
choice for locally recurrent rectal cancer. Dis. 
Colon Rectum 51 (3): 284–291.

	17	 Solomon, M.J., Brown, K.G., Koh, C.E. et al. 
(2015). Lateral pelvic compartment excision 
during pelvic exenteration. Br. J. Surg. 102 
(13): 1710–1717.

	18	 Baliski, C.R., Schachar, N.S., McKinnon, J.G. 
et al. (2004). Hemipelvectomy: a changing 
perspective for a rare procedure. Can. J. Surg. 
47 (2): 99–103.

	19	 Watson, A.J., Lolohea, S., Robertson, G.M., 
and Frizelle, F.A. (2007). The role of positron 
emission tomography in the management of 
recurrent colorectal cancer: a review. Dis. 
Colon Rectum 50 (1): 102–114.

	20	 Older, P., Hall, A., and Hader, R. (1999). 
Cardiopulmonary exercise testing as a screening 
test for perioperative management of major 
surgery in the elderly. Chest 116 (2): 355–362.

	21	 Colson, M., Baglin, J., Bolsin, S., and Grocott, 
M.P.W. (2012). Cardiopulmonary exercise 



﻿ Reference  109

testing predicts 5 yr survival after major 
surgery†. Br. J. Anaesth. 109 (5): 735–741.

	22	 Lee, A., Kong, J., Ismail, H. et al. (2018). 
Systematic review and meta-analysis of 
objective assessment of physical fitness in 
patients undergoing colorectal cancer 
surgery. Dis. Colon Rectum 61 (3): 400–409.

	23	 Bolshinsky, V., Li, M.H.G., Ismail, H. et al. 
(2018). Multimodal prehabilitation programs 
as a bundle of care in gastrointestinal cancer 
surgery: a systematic review. Dis. Colon 
Rectum 61 (1): 124–138.

	24	 Harji, D.P., Griffiths, B., McArthur, D.R., and 
Sagar, P.M. (2013). Surgery for recurrent 
rectal cancer: higher and wider? Colorectal. 
Dis. 15 (2): 139–145.

	25	 Valentini, V., Morganti, A.G., Gambacorta, 
M.A. et al. (2006). Preoperative 
hyperfractionated chemoradiation for locally 
recurrent rectal cancer in patients previously 
irradiated to the pelvis: a multicentric 
phase II study. Int. J. Radiat. Oncol. Biol. 
Phys. 64 (4): 1129–1139.

	26	 Harris, C.A., Solomon, M.J., Heriot, A.G. 
et al. (2016). The outcomes and patterns of 
treatment failure after surgery for locally 
recurrent rectal cancer. Ann. Surg. 264 (2): 
323–329.

	27	 Solomon, M.J., Tan, K.K., Bromilow, R.G. 
et al. (2014). Sacrectomy via the abdominal 
approach during pelvic exenteration. Dis. 
Colon Rectum 57 (2): 272–277.

	28	 Creagh, T.A., Dixon, L., and Frizelle, F.A. 
(2012). Reconstruction with vertical rectus 
abdominus myocutaneous flap in advanced 
pelvic malignancy. J. Plast. Reconstr. Aesthet. 
Surg. 65 (6): 791–797.

	29	 Tan, J., Heriot, A.G., Mackay, J. et al. (2013). 
Prospective single-arm study of 
intraoperative radiotherapy for locally 
advanced or recurrent rectal cancer. J. Med. 
Imag. Radiat. Oncol. 57 (5): 617–625.

	30	 Shaikh, I., Holloway, I., Aston, W. et al. 
(2016). High subcortical sacrectomy: a novel 

approach to facilitate complete resection of 
locally advanced and recurrent rectal cancer 
with high (S1–S2) sacral extension. 
Colorectal Dis. 18 (4): 386–392.

	31	 Evans, M.D., Harji, D.P., Sagar, P.M. et al. 
(2013). Partial anterior sacrectomy with 
nerve preservation to treat locally advanced 
rectal cancer. Colorectal Dis. 15 (6): 
e336–e339.

	32	 Uemura, M., Ikeda, M., Kawai, K. et al. 
(2018). Laparoscopic surgery using a Gigli 
wire saw for locally recurrent rectal cancer 
with concomitant intraperitoneal 
sacrectomy. Asian J. Endosc. Surg. 11 (1): 
83–86.

	33	 Lau, Y.C., Jongerius, K., Wakeman, C. et al. 
(2019). Influence of the level of sacrectomy 
on survival in patients with locally advanced 
and recurrent rectal cancer. Br. J. Surg. 106 
(4): 484–490.

	34	 Choy, I., Young, J.M., Badgery-Parker, T. 
et al. (2017). Baseline quality of life predicts 
pelvic exenteration outcome. ANZ J. Surg. 87 
(11): 935–939.

	35	 Khaled, F., Smith, M.J., Moises, C. et al. (2014). 
Single-stage anterior high sacrectomy for 
locally recurrent rectal cancer. Spine 39: 443.

	36	 Melton, G.B., Paty, P.B., Boland, P.J. et al. 
(2006). Sacral resection for recurrent rectal 
cancer: analysis of morbidity and treatment 
results. Dis. Colon Rectum 49: 1099–1107.

	37	 Bhangu, A., Brown, G., Akmal, M., and 
Tekkis, P. (2012). Outcome of 
abdominosacral resection for locally 
advanced primary and recurrent rectal 
cancer. Br. J. Surg. 99: 1453–1461.

	38	 Dozois, E.J., Privitera, A., Holubar, S.D. et al. 
(2011). High sacrectomy for locally recurrent 
rectal cancer: can long-term survival be 
achieved? J. Surg. Oncol. 103: 105–109.

	39	 Uehara, K., Ito, Z., Yoshino, Y. et al. (2015). 
Aggressive surgical treatment with bony 
pelvic resection for locally recurrent rectal 
cancer. Eur. J. Surg. Oncol. 41: 413–420.



110

Surgical Management of Advanced Pelvic Cancer, First Edition.  
Edited by Michael E. Kelly and Desmond C. Winter. 
© 2022 John Wiley & Sons Ltd. Published 2022 by John Wiley & Sons Ltd.

Background

Pelvic exenteration is a critical operative strat-
egy in the multidisciplinary management of 
locally advanced primary and recurrent rectal 
cancer. Pelvic exenteration surgery can take 
many forms. Traditionally, it involves the 
removal of part or all of the pelvic viscera 
including the rectum, bladder, prostate, uterus, 
and/or vagina. These complex radical surgical 
procedures have a high associated morbidity 
but have been shown to yield meaningful 
oncologic benefits. In specialized centers, over-
all survival and disease-free survival of 60–80% 
and 50–70% respectively have been reported 
for patients undergoing pelvic exenteration for 
rectal cancer [1–4]. Margin-negative resection 
remains the cornerstone of advanced pelvic 
surgery for rectal cancer, as this consistently is 
recognized as the factor that influences the 
oncologic outcomes following exenterative 
surgery [1–4].

Historically, complex pelvic tumors were 
considered unresectable based on an assess-
ment of the balance between associated mor-
bidity and oncologic outcomes. For example, 
tumors involving the sacrum above the 
S3  level or tumors involving the pelvic side-
wall were placed in this category secondary to 
a higher risk of positive margins and worse 

oncologic outcomes  [5–7]. However, under-
standing the benefit of extended surgery for 
patients with locally advanced primary and 
recurrent rectal cancer, interest has grown 
in  applying radical surgery to tumors that 
were previously considered unresectable. This 
includes management of tumors that involve 
the lateral pelvis. The lateral pelvis presents a 
number of operative challenges secondary to 
the presence of the internal and external iliac 
vessels, the femoral, sciatic, and obturator 
nerves, as well as muscular and bony struc-
tures. As a result, there were concerns over the 
ability to balance the oncologic benefit with 
the morbidity of the necessary surgical proce-
dure while still being able to obtain a negative 
margin [8].

However, since 2009 a few specialized cent-
ers have begun to perform increasingly com-
plex resections of tumors involving the lateral 
pelvis. One of the earliest reports described en-
bloc resection of the internal iliac vessels as a 
means to provide access to the lateral pelvic 
structures to enable resection of additional 
neuromuscular or bony structures as needed. 
In a report of 36 patients who underwent lat-
eral pelvic resection, R0 resection was achieved 
in 53% of patients with these advanced tumors 
with a 28% re-recurrence rate in the site of 
resection [9]. More recently, Solomon et al. [6] 

12

Exenterative Resections Involving Vascular and Pelvic 
Sidewall Structures
Brian K. Bednarski and George J. Chang

Department of Surgical Oncology, University of Texas MD Anderson Cancer Center, Houston, Texas, USA



Anatom ﻿ 111

have updated their series including 197 patients 
requiring this type of radical surgery for cancer. 
R0 resection was completed in 66.5% of the 
patients, while median disease-free survival 
was 27 months and three- and five-year sur-
vival rates were 46 and 35% respectively. This 
included a variety of malignancies, including 
primary and recurrent colorectal cancer. An 
additional smaller series described the out-
comes of six patients undergoing a combina-
tion of prone and supine positioning to remove 
tumors involving the lateral pelvis including 
with sciatic nerve resection (extended lateral 
pelvic sidewall excision (ELSiE)) [10].

Others have also reported on outcomes 
of  extended lateral pelvic resections. 
Mariathasan et  al.  [11] noted that patients 
undergoing beyond total mesorectal excision 
(TME) surgery for locally advanced rectal 
cancer with pelvic sidewall involvement had a 
lower R0 resection rate (75%) compared to 
other organ involvement (84%) and resections 
in the TME group (93.5%). Additionally, they 
noted shorter disease-free survival and 
shorter overall survival in this group, although 
it was not significant on multivariate analysis. 
Similarly, Kusters et  al.  [12] examined the 
role of induction chemotherapy in patients 
with a lateral pelvic recurrence. They reported 
an R0 resection rate of 55%. This was increased 
in patients who underwent induction chemo-
therapy (85% in that subgroup). This was 
attributed to the increased pathologic com-
plete response rate in patients treated with 
induction chemotherapy. While successful 
resection of these tumors can be achieved, 
these various groups highlight many of the 
challenges in tumors involving the lateral 
pelvic sidewall, including risks for margin-
positive resections secondary to the lack of 
space and the difficulty identifying the extent 
of tumor infiltration.

To efficiently and safely resect tumors 
involving the lateral pelvis, the surgical team 
must possess a detailed understanding of 
the  anatomy. Specifically, the operating sur-
geon must have comfort with the technical 

approaches to accessing and resecting the rel-
evant structures such as the pelvic vascula-
ture, nerves, and bones. Additionally, the 
team must understand the associated morbid-
ity and dysfunction that comes with surgical 
procedures in the lateral pelvis. Finally, 
beyond the surgical team, the management of 
patients requiring exenterative surgery neces-
sitates a multidisciplinary approach – from 
the preoperative treatment and preparation to 
the intraoperative execution to the postopera-
tive recovery.

This chapter details our approach to the 
resection of locally advanced primary tumors 
and recurrent rectal cancers that involve struc-
tures in the lateral pelvis through either direct 
extension or metastatic disease to the lymph 
nodes in the lateral pelvis. Topics covered 
include preoperative preparation, intraopera-
tive technical approaches, and postoperative 
management.

Anatomy

Surgeons undertaking exenterative surgery 
that includes the removal of lateral pelvic 
structures must have an in-depth understand-
ing of vascular, neurologic, urologic, and mus-
cular anatomy. Command of pelvic anatomy 
is an essential prerequisite for interpreting 
imaging to determine resectability and gener-
ate an operative plan. The ability to translate 
the two-dimensional images to an under-
standing of their three-dimensional relation-
ships in the pelvis greatly aids the surgeon 
by  facilitating a margin-negative resection 
and avoidance of preventable hemorrhage. 
Beyond the technical requirements during the 
operation, knowledge of anatomy and its 
related function serves an important role in 
setting expectations for the patient regarding 
potential postoperative disability. The surgical 
anatomy of the lateral pelvis is reviewed in the 
following sections including vascular, neuro-
logic, urologic and gynecologic, and muscular 
structures.
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Vascular

The external or internal iliac vessels and their 
branches may be associated with tumors 
involving the lateral compartment. The com-
mon iliac artery gives rise to the external iliac 
artery and the internal iliac artery which 
courses medially, before giving rise to its 
numerous branches, including the superior 
gluteal and the umbilical artery and culminat-
ing in the pudendal vessels. The branches and 
tributaries to the internal iliac vessels are 
organized as those arising anteriorly, medially, 
and posteriorly. The internal iliac artery and 
vein provide the blood supply to and from the 
pelvic viscera and the gluteus muscles. The 
entire internal iliac vessels and their branches 
can be resected unilaterally without compro-
mising the pelvic viscera provided the branches 
of the opposite side remain intact. Therefore 
resection of these vessels unilaterally may not 
mandate the removal of the pelvic viscera.

Anatomy of the iliac vessels and their 
branches is highly variable and recognizing 
the major named branches is essential. For 
instance, the initial posterior branch off of the 
internal iliac vessels is the superior gluteal 
artery and vein. These vessels typically trav-
erse posteriorly through the piriformis muscle 
between the L5 and S1 nerve roots to supply 
the gluteus muscles. Anteriorly, the vessels 
vary slightly in men and women. In a male, 
the first anterior branch along the artery is the 
obliterated umbilical artery. This subsequently 
gives rise to the superior vesical branch. As 
you continue distally, additional inferior vesi-
cal branches and the prostatic pedicle are 
encountered as well as the middle rectal ves-
sels medially. In a female, an obliterated 
umbilical with superior vesicle branches can 
also be seen. The distal branches include the 
uterine and vaginal vessels along with the 
middle rectal vessels. Posteriorly, the inferior 
gluteal and internal pudendal vessels can be 
seen exiting the pelvis between the distal 
sacral nerve roots and near the ischial spine 
respectively. Lastly, the obturator artery and 
vein, while typically associated with the inter-

nal iliac vessels, can arise from the external 
iliac vessels. However, they are reliably identi-
fied coursing laterally along the obturator 
internus muscle and the obturator nerve prior 
to exiting the pelvis through the obturator 
foramen  [13]. Recognizing these vascular 
structures on preoperative imaging and their 
relationship to the tumor can help the surgeon 
plan for surgical resection to optimize R0 
resection and minimize bleeding risk.

Neurologic

The nerves traversing the lateral pelvis include 
the components of the sciatic nerve, distal 
sacral nerves, and obturator nerve. The compo-
nents of the sciatic nerve include L5, S1, S2, 
and branches of S3. The L5 nerve root travels 
high along the lateral pelvis. The S1 and 
S2  nerve roots traverse the piriformis muscle 
until they merge with the L5 nerve root to form 
the sciatic nerve (Figure  12.1). Similarly, the 
S3  nerve root, which is significantly smaller, 
will traverse the posterolateral pelvis, giving 
branches toward the sciatic nerve as well as 
branches to the pelvic viscera. The sciatic nerve 
roots will supply motor and sensory innerva-
tion to the posterior leg. The S4 and S5 nerve 
roots are much smaller and traverse some of 
the levator muscles and will primarily supply 
the levator ani muscles, anal sphincters, and 
perineal skin. The obturator nerve arises from 
lumbar nerve roots and travels higher in the 
pelvis along the obturator internus muscle 
before exiting the obturator foramen to inner-
vate muscles of the medial thigh [13].

Urologic and Gynecologic

The primary urologic structure in the lateral 
pelvis is the ureter. Identifying the location of 
the ureter is essential. It can be difficult to iden-
tify due to postoperative fibrosis or have a var-
ied course following prior mobilization in 
patients who have had previous pelvic surgery. 
Given that radiation is commonly utilized in 



Preoperative Evaluatio ﻿  113

the setting of locally advanced and recurrent 
rectal cancer and extensive mobilization for 
lateral pelvic resection is associated with the 
potential for devascularization of the ureter, it 
is necessary to be prepared to resect and re-
implant the ureter. The ureter may also be 
involved by tumor and need to be resected with 
ureteral reconstruction. Additionally, in males, 
the vas deferens will traverse the lateral pelvis 
as one of the most superficial/medial struc-
tures. In females, the fallopian tube and ovary 
reside in the lateral pelvis and the gonadal ves-
sels will also traverse the proximal lateral pel-
vis. Lastly, the round ligament will be identified 
as a superficial structure in the lateral pelvis.

Muscular

The muscles that are encountered in the lateral 
pelvis include the piriformis, obturator inter-
nus, and levator ani muscles. The piriformis 
extends from the anterior surface of the sacrum 
to the trochanter of the femur. The sacral nerve 
roots course along the anterior aspect of the 

piriformis to the sciatic notch and this is a com-
mon place for nerve root and muscle involve-
ment. The obturator internus extends from the 
ischium and rim of the pubis to the trochanter 
of the femur. Lastly, the levator ani muscles, 
specifically the iliococcygeus component, arise 
in the lateral pelvis from fascia of the obturator 
internus and from the ischial spine and trav-
erse medially [13]. Lateral pelvic compartment 
tumor resection may require detachment of 
the levator ani at the ischial spine which serves 
as a landmark for the lateral extent of soft-tis-
sue resection (Figure 12.2).

Preoperative Evaluation

Imaging

In determining the suitability of patients with 
locally advanced primary or recurrent rectal 
cancer for exenterative surgery, patients 
should  undergo complete staging evaluation. 
The preoperative staging evaluation can be 
divided into two components: (i) evaluation for 

Figure 12.1  MRI demonstrates the extent of a locally advanced primary rectal cancer. The tumor involves 
the prostate and extends to involve the lateral pelvic sidewall on the right including the obturator internus 
muscle. The operative photo demonstrates exposure of sacral nerve roots approaching the sciatic notch. It 
also shows the exposed ischial spine following resection of the obturator internus muscle with 
preservation of the obturator nerve. This was accomplished with en-bloc resection of the internal iliac 
vessels and entire right pelvic sidewall. Source: Brian K. Bednarski and George J. Chang.
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distant disease and (ii) evaluation of local 
tumor extent and resectability [5]. This is dis-
cussed at length in Chapter 3.

Relating to this specific topic, high-definition 
magnetic resonance imaging (MRI) of the pel-
vis is the gold standard for assessing local tumor 
extent (Figures  12.1 and  12.2)  [5, 14]. These 
images can provide insight into the ability to 
achieve a margin-negative resection. This 
includes the preoperative identification of the 
need to resect urologic, vascular, neurologic, 
and/or muscular anatomy and the need for 
other multidisciplinary service involvement 
such as vascular surgery, plastic surgery, or 
urology to assist in the extirpation of the tumor 
and reconstruction [14].

Functional Status

Beyond the considerations of locoregional and 
distant disease, evaluation of the functional 
status of the patient and their associated 
comorbidities is also necessary. The impact of 

the patient’s functional status on outcomes of 
complex oncologic surgery has been demon-
strated in other malignancies where the risk 
of recurrent and metastatic disease is high, 
including pancreas cancer and adrenal can-
cer  [15, 16]. Patients with locally advanced 
pelvic malignancies warrant a similar 
approach. This is especially true when the 
resection of the tumor may require neurologic 
or muscular resections that can have direct 
impacts on mobility.

Informed Consent

Patient understanding of the magnitude of pel-
vic exenteration and its associated morbidity is 
an important consideration for surgical teams. 
While informed consent is part of any surgical 
procedure, the discussion with the patient 
prior to exenterative surgery warrants addi-
tional attention. Resection of anatomic struc-
tures involving the lateral pelvis is associated 
with the typical complications of extended 

Figure 12.2  This case illustrates a recurrent rectal cancer involving the right lateral pelvis. The tumor involves 
the right seminal vesicle, abuts the internal iliac vessels, and involves the lateral portion of the presacral fascia. 
Resection of internal iliac vessels en bloc with the specimen resulted in exposure of sacral nerve roots and 
access to the ischial spine. In this case the tip of the spine was exposed together with lateral-most insertions of 
levator ani muscles. The obturator internus and obturator nerve did not require resection but were exposed, and 
the tissues medial to those structures were removed. Source: Brian K. Bednarski and George J. Chang.
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pelvic surgeries, including infectious com
plications, bleeding and the need for blood 
transfusion, urologic dysfunction, sexual dys-
function, damage to normal structures, need 
for reoperation, cardiac and pulmonary com-
plications, venous thromboembolism, and 
death [4, 11, 17]. In addition, dissection along 
the sacral nerve roots or resection of the nerve 
roots may have implications for mobility of the 
associated lower extremity, pain in the sciatic 
nerve distribution, and numbness  [18]. The 
high incidence of postoperative complications 
and associated morbidity should be discussed 
with the patient and their family to ensure that 
all involved parties are prepared for the associ-
ated risks, the potential for prolonged recovery, 
and/or the need for physical rehabilitation. 
Lastly, given the complexity of the surgery and 
its associated recovery, we also discuss the 
need for a prolonged stay in the immediate 
area following discharge for patients that travel 
from out of town. This enables ongoing care to 
occur, with frequent postoperative clinic visits 
to identify and manage early any complica-
tions that arise in the first two to four weeks 
following hospital discharge.

Intraoperative Management

Preparation and Positioning

When amenable, the use of epidural anesthe-
sia can help with early postoperative pain 
management. This is placed prior to induc-
tion. Once anesthetized, patients are posi-
tioned in low lithotomy, ensuring proper 
positioning of the lower extremities with 
appropriate padding to avoid pressure-related 
nerve injuries. Preoperative antibiotics cover-
ing skin and bowel flora are administered. 
Venous thrombosis prophylaxis is addressed 
with sequential compression devices as well as 
pharmacologic prophylaxis with either subcu-
taneous heparin or low molecular weight hep-
arin. For patients requiring pelvic sidewall 
resection, the patients will undergo cystoscopy 

and bilateral ureteral stent placement. The 
patient’s abdomen and perineum are prepped 
and the Foley catheter included in the opera-
tive field to provide access during urologic 
assessment or reconstruction.

Equipment

In addition to routine operative equipment 
including self-retaining retractors and electro-
cautery, we typically have bipolar cautery 
available secondary to the proximity of the neu-
rologic structures. A vessel-sealing device can 
assist with management of the small lateral 
branches of the internal iliac vessels and divi-
sion of fibromuscular soft tissue. Additionally, 
we would consider utilizing saline-linked elec-
trocautery in cases necessitating dissection 
along the sacrum posteriorly.

Operative Approach

A midline incision provides adequate access to 
the pelvis and bifurcation of the aorta and vena 
cava. For any lateral pelvic resection, having 
access to the common iliac vessels and the ori-
gin of the internal and external iliac vessels is 
essential to be able to maintain core vascular 
surgery principles of proximal and distal con-
trol. Once access to the abdomen is established, 
the pelvis is exposed and the small bowel is 
retracted cranially.

Initial dissection begins posteriorly when 
possible. In primary or recurrent disease that 
does not involve posterior pelvic anatomy, pos-
terior dissection can create some mobility and 
will enable the surgeon to establish a distal tar-
get for lateral pelvic dissection. After the poste-
rior plane is started, dissection proceeds on the 
uninvolved lateral plane. The operation con-
tinues anteriorly. This enables dissection in the 
non-tumor-involved tissue planes to occur as 
distally as possible. This can help identify the 
target for the distal side of the tumor involved 
in lateral pelvic resection. Additionally, it 
reserves the most challenging and highest risk 
portion of the operation for last. Working in 
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the lateral pelvis can result in bleeding and in 
some cases removal of the tumor is necessary 
to gain adequate control. By approaching the 
lateral pelvic sidewall resection involved by 
tumor last, this can help decrease the extent of 
bleeding as the majority of the pelvic dissec-
tion has already been completed.

Our approach to the lateral pelvis is guided 
by the anatomic landmarks as outlined above. 
In terms of exposure, for all tumors involving 
the lateral pelvis the common iliac is identified 
and the origins of the internal and external 
iliac vessels are dissected. At the same time, 
the ureter is mobilized and is encircled with a 
vessel loop. The bladder is mobilized in the 
space of Retzius. The peritoneum overlying the 
external iliac vessels is incised. The vas defer-
ens or the round ligament will also be tran-
sected to help expose the lateral pelvis. These 
maneuvers provide initial access to the antero-
lateral pelvis.

For cases requiring dissection in the 
extravascular plane, the extent of the vascular 
resection is determined by preoperative MRI. 
When possible, the superior gluteal branches 
are preserved and the internal iliac vessels are 
isolated and divided just distal to the first pos-
terior branch. The vessels can be controlled 
with prolene suture ligatures or an Endo 
GIA™ stapler at the discretion of the operat-
ing surgeon. Occasionally, with more superior 
involvement of the posterior lateral pelvis or 
in the presence of anatomical variations 
resulting in additional arterial or venous 
branches at the level of the superior gluteal, it 
is necessary to control the posterior superior 
gluteal in order to avoid accidental injury. 
Once the vessels are divided, the dissection 
proceeds along posterior and lateral to the 
internal iliac vessels. The individual branches 
exiting between the sacral nerve roots and at 
the level of the sciatic notch are controlled 
with clamps and ties or with a vessel-sealing 
device. Additionally, attention should be paid 
to the distal branches of the posterior branch 
of the internal iliac vessels, pudendal, and 
inferior gluteal. Failure to obtain appropriate 

control of these vessels prior to division can 
result in significant blood loss.

Review of preoperative MRI can signifi-
cantly aid in understanding the number 
and  extent of lateral branches and provide 
insight into aberrant vascular anatomy. Being 
prepared for lateral vascular branches enables 
careful dissection while minimizing bleeding 
risk. This can be very challenging in re-
operative pelvic surgery, but remains a focal 
point of preparation and execution of extended 
lateral pelvic resections.

Tumors extending to the sacral nerve roots 
or the sciatic nerve require division of the 
internal iliac vessels to provide access to those 
structures. The dissection can then proceed 
along the nerves, including the nerve sheath as 
necessary. Sharp dissection and the use of 
bipolar cautery can minimize surgical trauma 
to the nerves. Additionally, the nerve roots and 
sciatic nerve proper can be resected en bloc as 
necessary (Figure 12.1). Resection of the indi-
vidual L5 or S1 nerve roots, or the sciatic nerve 
itself, will have impacts on postoperative 
ambulatory function. While there is a paucity 
of literature regarding the functional outcomes 
of this type of radical resection, there is evi-
dence that it is feasible and that while patients 
may have some impairment, they remain 
ambulatory with support  [18]. In addition to 
impacts on mobility, operative dissection along 
the sacral nerve roots and sciatic nerve can 
result in chronic pain and/or numbness. 
Posterior and lateral to the internal iliac ves-
sels, the piriformis muscle is identified together 
with the more distal sacral nerve roots, includ-
ing S2 and S3 (Figure 12.2).

For more anterolateral tumors, the surgeon 
needs to be prepared to resect the obturator 
nerve and vessels as well as the obturator inter-
nus. Approach to this anterolateral area is 
done by dissecting just posterior to the external 
iliac vein. This enables the dissection to stay 
anterior to the obturator nerve and vessels. It 
provides access to the obturator internus mus-
cle and the medial wall of the acetabulum lat-
erally. Resection of the vessels and nerve can 
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be accomplished with this approach. Ligating 
the vasculature will have little consequence for 
the patient. Transecting the nerve can result in 
some weakness in the adductor muscles of the 
medial thigh. It will also result in numbness of 
the skin of the medial thigh secondary to its 
cutaneous branch.

Lastly, a wide resection of the levator ani 
muscles can be aided by a lateral approach. 
By dividing the internal iliac vessels and incis-
ing the obturator internus fascia posterior to 
the external iliac vein, access is provided to 
the sciatic notch, ischial spine, and sacral 
spinous ligament (Figure 12.2). This enables 
division of the levators at their posterior and 
lateral insertions. It can also allow the ischial 
spine to be resected en bloc with bone shears 
to exit the pelvis a bit higher along the lateral 
wall. Additionally, this technique provides 
access to the inferior pubic ramus as it trav-
erses anterolaterally. This will allow further 
transection of the levator ani muscles widely. 
This is often aided by an approach from both 
the abdomen and perineum. This two-team 
approach enables for better exposure and 
direct division of the pelvic floor laterally. It is 
important to be aware of the pudendal vessels 
as they typically exit the pelvis near the ischial 
spine.

Once the specimen is removed, any addi-
tional hemostasis can be confirmed with close 
inspection of the divided vasculature. Margins 
are evaluated. Reconstruction can then com-
mence. Gastrointestinal continuity is re-estab-
lished if the pelvic floor is spared and only a 
unilateral resection of the lateral pelvic struc-
tures is required. Alternatively, an ostomy is 
sited. The urology team will then prepare the 
ileal conduit as necessary for bladder recon-
struction. Finally, our group routinely per-
forms these operations in collaboration with 
plastic and reconstructive surgery specialists. 
The defect created in patients requiring resec-
tion of the lateral pelvis as well as the bladder 
and rectum is significant. Being able to ade-
quately fill the defect is an important consid-
eration, especially in the setting of neoadjuvant 

radiation. The use of qualified plastic and 
reconstructive surgeons enables the space to 
be  filled with viable, well-perfused, and non-
irradiated tissue. The most common flap uti-
lized is the vertical rectus abdominus muscle 
(VRAM) flap. Alternatives include bilateral gri-
cilis flaps, gluteal advancement flaps, and 
omental flaps. The decision of which flap is 
best is guided by the size of the defect, extent 
of  skin resection required, and availability of 
healthy flaps. An additional option includes 
the utilization of mesh for closure.

Postoperative Management

Postoperative management is consistent with 
other operative procedures in the pelvis and 
is  discussed in Chapter  18. Essential to post
operative management after these complex 
cases is the involvement of supportive ser-
vices, including physical therapy, occupational 
therapy, and wound ostomy continence nurses 
(WOCN). As noted, the magnitude of this type 
of surgery and subsequent reconstruction may 
include resection of neuromuscular structures. 
Therefore postoperative mobilization can be 
challenging but is essential.

Complications

Operative resections of this magnitude are 
associated with a high incidence of postopera-
tive morbidity. The incidence of postoperative 
complications has been reported in 55–65% of 
cases. Postoperative deaths can occur but are 
uncommon, representing 2–4% of patients 
undergoing exenterations [2–4, 6, 8, 11].

There are some unique issues that can arise 
following operative resections of the lateral 
pelvis. Specifically, resection of the internal 
iliac vessels can result in rare but life-threaten-
ing hemorrhage in the postoperative period. 
This can result from the breakdown of the sta-
ple or suture line. It can also result from pseu-
doaneurysm formation. This scenario can 
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present with sentinel bleeding that is large vol-
ume but initially ceases on its own. However, 
significant ongoing hemorrhage and shock can 
be the sole presenting event. Early recognition 
and rapid control is essential to avoid fatal 
bleeding. This is best managed with endovas-
cular approaches to embolize or stent across 
the internal iliac artery depending on the 
length of the stump. The risk is raised in 

patients with postoperative pelvic infectious 
complications. It is essential to treat any pelvic 
infectious complication aggressively to try to 
mitigate the risk for pseudoaneurysm forma-
tion and rupture. Additionally, the ability to 
spare the internal iliac vessels proximal to the 
superior gluteal provides a stump that can be 
embolized in the event that any significant 
bleeding occurs. 
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Summary Box

●● Exenterative surgery involving the lateral 
pelvis presents significant challenges with 
added morbidity.

●● Incorporating knowledge of the anatomy 
together with high-quality preoperative 
imaging can allow the operating surgeon 
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extirpate tumors involving these vascular 
and/or neuromuscular structures.

●● While this area remains particularly chal-
lenging in exenterative surgery, surgical 
management of this disease can be accom-
plished with experience in specialized 
centers.
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Background

The principal aim of the surgical treatment of 
local recurrence of rectal cancer is to achieve a 
clear resection margin, as it is the most signifi-
cant prognostic factor in predicting long-term 
survival. However, this is not always techni-
cally feasible, especially in the setting of recur-
rent disease. The desire to resect higher and 
wider can come at considerable morbidity and 
functional loss to the patient. This is particu-
larly relevant with regard to pelvic sidewall 
masses and tumors involving the upper part of 
the sacrum. Nonetheless, the development and 
technical innovations related to resection of 
locally recurrent pelvic cancer have led to a 
paradigm shift in what surgeons would con-
sider absolute versus relative contraindications 
since the mid-1990s. Situations once consid-
ered an absolute contraindication to resection 
such as high sacral involvement, encasement 
of the iliac vessels, and extension of tumor 
through the sciatic foramen would now be con-
sidered relative contraindications.

It should be appreciated, however, that the 
morbidity and associated functional deficits 
should not be considered trivial or dismissed 
lightly. This chapter explores the surgical prin-
ciples and nuances that underpin the operative 
management of locally recurrent pelvic cancer.

­Strategies for Tackling 
Involvement of Posterior 
Compartment Including Sacrum

The level of sacral involvement is critical, with 
considerable differences in management strat-
egies of upper and lower levels of sacral 
invasion.

Low Sacrectomy

In low sacrectomy, a lower abdominal midline 
incision is made to provide good access, and 
the use of a retractor system like Omni-Tract® 
or a Goligher-style retractor is utilized. The 
majority of local recurrences involving 
the distal sacrum (i.e. below S3) can be tack-
led by means of an abdominal approach  [1]. 
Mobilization of the rectum/neorectum abdo-
men is required and continues into the lower 
pelvis, either dislocating the urogenital organs 
from the neorectum if there is a plane of dis-
section that is not involved with the malignant 
process, or progressing anteriorly such that 
the plane of dissection encompasses the uro-
genital organs as a total pelvic exenteration 
with sacrectomy.

There is no absolute requirement to devascu-
larize the sacrum by means of ligating the 
internal iliac arteries and veins in cases where 
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the distal sacral is to be resected unless there is 
concomitant involvement of these vessels by 
the tumor. The pelvic dissection should stop 
about 2–3 cm above the cephalad extent of the 
tumor and attention should then be turned to 
the perineum. The surgical team may choose 
between completing the procedure with the 
patient remaining in the Lloyd-Davies position 
or closing the abdominal wound with the mat-
uration of the colostomy (and urostomy where 
indicated) and turning the patient prone jack-
knife. The preference for the latter facilitates 
the surgeon making a longitudinal incision 
over the sacrum, reflecting the gluteal muscles 
off the posterior aspect of the sacrum and 
detaching the sacrospinous and sacrotuberous 
ligaments before detaching the distal sacrum 
from the proximal sacrum with an osteotome. 
Placement of a small swab behind the neorec-
tum at completion of the abdominal compo-
nent allows the surgeon using the perineal 
approach to cut down onto the swab and pre-
vent inadvertent slippage with the potential to 
damage iliac vessels. The dissection is com-
pleted by the division of any residual anterior 
attachments, with the perineal approach pro-
viding excellent visualization and protection of 
the prostate/bladder/urethra and finishing 
with careful hemostasis.

High Sacrectomy

High sacrectomy provides a greater surgical 
challenge than low sacrectomy, in particular 
with the risk of significant intraoperative 
bleeding and the potential reconstruction dif-
ficulties to ensure a stable pelvic ring  [2] 
(Figures  13.1 and  13.2). The previously 
described abdominal and perineal parts of the 
surgical procedure are completed before atten-
tion is turned to the upper sacrum; however, 
attention is turned to the upper sacrum and it 
is obligatory to control and be able to ligate the 
internal iliac arteries and veins bilaterally. 
With the abdominal part of the operation com-
plete, the patient is turned prone. Again, 
abdominal swabs may be left in the pelvis to 

keep the loops of the small bowel out of the 
way to minimize the risk of accidental damage 
when the sacrum is divided from the posterior 
approach. It is helpful to tackle the upper 

Figure 13.1  Recurrent rectal cancer involving S2 
and S3. A high sacrectomy was required with 
S1 maintaining the integrity of the pelvic bony ring. 
Red line indicates junction between S2 and S3.

Figure 13.2  Recurrence mainly involving S2, but a 
small deposit in the anterior–inferior corner of S2 
also required excision, albeit with most of S2 left 
in situ. Line lies between between S2 and S3; 
The arrow indicates involvement of S2.  
Source: Peter Sagar.
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sacral resections with the help of either a neu-
rosurgeon or an orthopedic surgeon with an 
interest in spinal surgery. A vertical incision is 
made and deepened onto the sacrum with 
reflection of the gluteal muscles giving full 
exposure of the sacrum. The sacrospinous, sac-
rotuberous, and sacrococcygeal ligaments are 
divided and the piriformis muscles exposed. 
The dissection is deepened with protection of 
the sacral nerve roots and the sciatic nerve 
before the level of transection of the sacrum is 
identified. Much care must be taken at this 
point to prevent error in the choice of level of 
transection, and this can be facilitated by 
placement of a staple or pin into the sacrum 
2–3 cm above the cephalad extent of the recur-
rent tumor, or during the abdominal part of 
the operation with a screening X-ray used to 
confirm the level. The dural sac is ligated with 
a non-absorbable suture to prevent subsequent 
leakage of cerebrospinal fluid (CSF) and 
division of the sacrum is achieved using an 
oscillating saw, avoiding undue pressure that 
may allow the saw to inadvertently damage 
pelvic structures. The tumor and adjacent 
involved organs may then be removed through 
the perineal wound. Hemostasis is achieved 
with a combination of cautery set at a rela-
tively high level, suture ligation of vessels, and 
judicious use of hemostatic agents. Bone wax 
is helpful to control bleeding from the proxi-
mal end of the sacrum. Closure of the perineal 
wound is usually feasible by a primary suture, 
but if this would lead to tension on the wound, 
gluteal flaps based on the inferior gluteal artery 
pedicle (IGAP flaps) are a useful option.

Patients undergoing high sacral resection 
that removes more than half of the first sacral 
body or higher will require spinopelvic stabili-
zation, and a number of techniques have been 
advocated to maintain the pelvic ring includ-
ing fibular grafts, metallic supports, and the 
use of cages. Spinopelvic reconstruction and 
stabilization can be achieved with the Synthes 
MATRIX Spine System (DuPuySynthes Spine 
Company, Oberdorf, Switzerland) with the 
placement of bilateral pedicle screws between 

L3 and L5 into the iliac wings. X-ray guidance 
should be used to confirm correct placement of 
instrumentation and a titanium rod can be 
contoured and fixed to the pedicle screws and 
the iliac bolts. A cross-link placed between 
both of the titanium rods facilitates some rota-
tional stability.

High transection of the sacrum is associated 
with specific risks of injury to the posteriorly 
sited nerves and the potential breach to the 
dural sac with leakage of CSF. One option is to 
use an ultrasonic bone aspirator (Sonopet® 
(Stryker, USA)) for bony dissection  [3]. The 
Sonopet uses ultrasonic vibrations at the tip to 
permit precise surgical incisions, while stop-
ping as it reaches vascular or neural structures, 
thereby minimizing risk. This is of particular 
help with resection of a diseased S1 and/or S2 
vertebra. Excision of either S1 or S2 alone can 
be facilitated by the use of an expandable cage 
to restore the vertebral column and maintain 
the integrity of the pelvic ring to support the 
torso while preserving the lumbar lordosis, 
height, and alignment. One such expandable 
cage is the FORTIFY® Spacer implant (Globus 
Medical, USA). This device is made up of a 
central core and two end plates with integrated 
titanium screws to facilitate fixation into the 
recipient vertebra. Crucially, the implant is 
able to expand within the sacral defect to pro-
vide appropriate height. Bone grafts positioned 
around the implant provide additional 
stability.

There are cases where the involvement of 
the upper sacrum only involves the anterior 
portion of the bone and the remaining part is 
clear of disease. The anterior table of the first 
or second part of the sacrum can be resected 
without compromising the stability of the pel-
vis by leaving the majority of each sacral verte-
brae [4] (Figure 13.3). Excision of the anterior 
table involves stripping the presacral fascia 
from the sacral promontory to the inferior end 
of the involved sacrum, and the cortex of the 
bone is incised with a chisel, noting a change 
in tension as the softer medullary bone is 
reached. A rongeur is then used to develop the 
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plane with its sharp-edged, scoop-shaped tip, 
taking care to stay posterior to the recurrent 
tumor on the anterior cortex of the bone. This 
technique preserves both the dura and the pos-
terior nerve roots, avoiding the need for any 
subsequent pelvic stabilization. Bleeding with 
such cases is not usually troublesome, but 
bone wax or hemostatic agents are useful to 
control any ooze.

Perineal Closure

In patients that have a large perineal defect 
after an extended resection of locally recurrent 
tumor, often reconstruction using a flap is 
needed (Figure 13.4). The choice of flap recon-
struction is ideally made prior to the operation 
and the availability of a plastic reconstruction 
surgeon confirmed. The flap will provide not 
only skin to cover the defect but also well-
nourished muscle to help fill the dead space 
within the pelvic cavity. Vertical rectus abdomi-
nus myocutaneous (VRAM) flap satisfies these 
requirements as it provides sufficient bulk to 
fill the pelvic defect, but care must be taken to 
ensure the inferior epigastric vessels remain 
viable and not compromised by abdominal wall 

incision or stoma formation. Alternatively, 
myocutaneous flaps based on the gracilus mus-
cles are easy to harvest but provide little in the 
way of bulk in filling the potential dead space.

­Strategies for Tackling 
Involvement of Pelvic Sidewall

The principal concept in tackling recurrent 
tumors involving the pelvic sidewall is under-
standing that the sidewall is structured in a 
series of layers [5]. Preoperative imaging using 
magnetic resonance imaging (MRI) is vital to 
plan the surgical approach (Figure 13.5) Parts 
of this include the following, working out-
wards: pelvic peritoneum, ureter, iliac arteries 
and veins, sidewall nerves that include the 
lumbosacral trunk, branches that constitute 
the sciatic nerve, obturator muscles, and finally 
the bony pelvis. Anatomy of the vessels pro-
vides a rich plethora of arterial branches and a 
highly variable venous anatomy that can when 
injured cause brisk hemorrhage. It is for this 
reason that proximal and distal control of the 
arteries and veins must be secured before 

Figure 13.3  Invasion of S1 suitable for resection 
of the anterior table of the bone. Source: Peter 
Sagar.

Figure 13.4  Bulky but low recurrence that 
required resection of right piriformis and gluteal 
muscles together with obturators to achieve a 
clear margin. An IGAP flap was used to close the 
defect. Source: Peter Sagar.
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directing attention to the tumor mass to mini-
mize intraoperative blood loss.

A sequential approach to the recurrent tumor 
sited on the pelvic sidewall includes identifying 
the ureter which is mobilized, dissecting the 
iliac artery, and securing it with vessel loops [6]. 
The internal iliac vein is then similarly dis-
sected and looped, with mobilization of the 
common and external veins according to the 
location of the recurrence. Once the arteries 
and veins had been mobilized, the nerves can 
be visualized and, in particular, the sciatic 
nerve identified and protected. The lumbosa-
cral trunk provides a major contribution to the 
innervation of the muscles of the lower limb 
and preservation of this trunk is therefore 
important in maintaining quality of life.

Recurrent tumors spreading up or through 
the greater sciatic notch present a particular 
challenge (Figure 13.6). Division of the sacros-
pinous ligament provides wider access to the 
pelvis when required, with the ischial spine 
acting as the boundary into the anterior/cau-
dal portion of the pelvis. By carefully working 
through each of the layers of the pelvis and by 
tackling the tumor by working above, from the 
sides, and below, one can gradually mobilize 
the tumor whilst maintaining a clear margin 
and maintaining hemostasis.

Bleeding can be substantial, and having pre-
liminary control of the vessels prior to tumor 
dissection minimizes significant hemorrhage. 
Accurate hemorrhage control is enabled 
with  the use of suture ligation or application 
of  metallic clips. Bleeding from presacral 
vessels may be controlled by turning up the 
cautery and/or by use of commercial products. 
Encasement of the external iliac vessels is par-
ticularly challenging, but adherence to basic 
surgical principles with careful mobilization of 

Figure 13.5  Left pelvic sidewall recurrence that had responded to preoperative chemotherapy with 
fibrosis on the left side of the mass and an R0 resection was obtained. Source: Peter Sagar.

Figure 13.6  Upper sacral (S1 and S2) involvement 
with spread across the left sacroiliac joint deemed 
too advanced to justify attempted resection. Source:  
Peter Sagar.
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arteries and veins and reconstruction with a 
vein graft allows en-bloc removal of the tumor 
mass. In the absence of a clearly visualized 
bleeding vessel, careful packing of the region 
with firm pressure allows time to consider 
options and for anesthetic colleagues to opti-
mize physiological issues. With major hemor-
rhage, packing should be maintained for at 
least 15–20 minutes or longer as needed. There 
are occasions when abandoning the procedure 
with pelvic packing and a plan to return to the 
operating room over 24–48 hours is necessary.

­Strategies for Tackling 
Involvement of Anterior 
Compartment

Involvement of the urogenital organs by a 
recurrence typically requires resection of the 
anterior pelvic structures, especially if there is 
direct invasion into the bladder, prostate, or 
urethra in the male or if the tumor extends 
beyond the posterior vaginal wall/uterus in the 
female to involve the bladder  [7]. En-bloc 

resection of the tumor mass and adjacent 
involved organs usually proceeds with an ini-
tial dissection posteriorly, assuming the tumor 
is clear of the sacrum, with lateral mobilization 
of the tumor with any involved or encased pel-
vic vessels. Attention is then turned to the ante-
rior plane of dissection and the retropubic 
space of Retzius is opened and the plane of dis-
section developed inferiorly and then swung 
posteriorly to meet the previous plane of lateral 
dissection. The dorsal veins of the penis may 
bleed briskly and, whilst the original urinary 
catheter will have been divided to remove the 
proximal urethra, an aid to control bleeding 
from this area is the reinsertion of a wide-bore 
urinary catheter with inflation of the balloon 
and connection to a urine bag with a liter of 
fluid to provide tension/pressure on these 
veins. Ultimately, suture ligation of the dorsal 
vein complex will suffice. In the relatively unu-
sual case of the tumor involving the pubic rami, 
the dissection may be continued anteriorly, 
dividing the pubic rami to facilitate en-bloc 
resection. Reconstruction with the involve-
ment of an orthopedic surgeon is necessary. 
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Summary Box

●● Extended exenterative resection for locally 
recurrent pelvic neoplasms offers control 
of symptoms and potential for long-term 
survival.

●● Recurrent cancers needing multiviseral 
resection should be referred to specialist 
tertiary units that have expertise in surgi-
cal oncology, spinal orthopedics, and 
advanced reconstructive services.

●● Multidisciplinary review and specific plan-
ning is needed to tailor each resection 

to  the individual patient and their 
recurrence.

●● High-quality imaging with magnetic reso-
nance of the pelvis and computed tomog-
raphy–positron emission tomography 
(CT-PET) is critical to establishing surgical 
strategy.

●● Thorough counseling with patient appre-
ciation of the implications of the opera-
tion is vital.
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Background

Peritoneal metastases occur in up to 10% of 
patients with colorectal cancer. Cytoreductive 
surgery and hyperthermic intraperitoneal 
chemotherapy (CRS-HIPEC) with or without 
perioperative systemic chemotherapy is the 
most aggressive strategy to treat peritoneal 
metastases. CRS-HIPEC and adjuvant chemo-
therapy is associated with a significant better 
survival than systemic chemotherapy alone [1]. 
In select patients, long-term survival and cure 
can be achieved. However, the potential sur-
vival benefit must be balanced with the risk of 
surgical complications. Extensive peritoneal 
metastases, reflected as a high peritoneal can-
cer index (PCI), are associated with increased 
perioperative morbidity and mortality, with 
poor overall survival. The combination of lim-
ited peritoneal metastases and locally advanced 
or recurrent colorectal cancer requiring pel-
vic  exenteration is rare and the literature is 
extremely scarce. In selected patients there 
may be a role for combining pelvic exentera-
tion with HIPEC

Traditionally, the main mechanism for 
developing peritoneal metastases of colo
rectal cancer is full-thickness penetration 
of  the bowel wall by the primary tumor 
and transcoelomic spread. As peritoneal fluid 

flows, seeding of tumor cells to the pelvis, the 
paracolic gutters, the hemidiaphragms, and/
or the omentum occurs. The mechanism of 
spread is not fully understood, but tumor spill 
and seeding occur in the setting of obstruc-
tion and perforation and have a predilection 
for old scars, stomas, or prior anastomosis 
sites [2].

Peritoneal metastases may present synchro-
nously with the primary tumor or present as a 
recurrence. Segelman et al. performed a popu-
lation-based study in Sweden in the Stockholm 
county  [3]. They observed synchronous and 
metachronous peritoneal metastases in 4.3 
and 4.2% respectively of all patients with colo-
rectal cancer. Lemmens et al. observed similar 
findings in a Dutch population study, with 
4.8% of new colorectal cancer diagnosis hav-
ing synchronous peritoneal metastases [4].

There is now a belief that all T4 tumors may 
harbor occult peritoneal disease, which is dif-
ficult to detect. The Dutch COLOPEC trial ran-
domized patients with T4 tumors without 
peritoneal metastases to standard treatment 
with or without adjuvant HIPEC  [5]. In a 
minority of patients, some underwent HIPEC 
simultaneously with primary resection, but the 
majority had HIPEC at five to eight weeks after 
primary surgery. Interestingly, peritoneal 
metastases were detected in 10% of the 

14

Pelvic Exenteration in the Setting of Peritoneal Disease
Niels Kok, Arend Aalbers, and Geerard Beets

Netherlands Cancer Institute, Amsterdam, The Netherlands



Pelvic Exenteration in the Setting of Peritoneal Disease128

patients, supporting the idea that the risk of 
synchronous peritoneal disease is higher than 
previously thought in T4 disease. However, 
peritoneal metastases seem to occur less fre-
quently in rectal cancer than in colon cancer. 
This seems logical as only a third of the rectum 
is proximal of the peritoneal fold. Therefore 
the need for pelvic exenteration and CRS-
HIPEC is limited.

Treatment Options of Colorectal 
Peritoneal Metastases

Current treatment options for patients with 
colorectal peritoneal metastases include sup-
portive care, palliative systemic chemotherapy, 
pressurized intraperitoneal aerosol chemother-
apy (PIPAC), CRS, and CRS-HIPEC. Survival of 
patients with colorectal peritoneal metastases 
is poor. These patients have a median survival 
of 13 months when treated with modern sys-
temic chemotherapy [6]. This was significantly 
shorter compared to patients with metastatic 
colorectal cancer without peritoneal metasta-
ses who had a median survival of 18 months. 
Poor survival is due to the poor response 
patients have to systemic chemotherapy. 
Chemotherapy has limited penetration of peri-
toneal metastases.

Patients with low-volume peritoneal disease 
may be candidates for surgery (CRS-HIPEC) 
with curative intent. Alternatively, those with 
higher-volume disease are given treatment in 
an attempt to either downstage their disease or 
palliate it.

In the French PRODIGE-7 trial [7] patients 
with peritoneal metastases were randomized to 
either CRS or CRS-HIPEC. All patients were 
treated with oxaliplatin-based systemic chemo-
therapy for at least six months and received 
HIPEC with oxaliplatin during 30 minutes. 
Median overall survival was 41.7 and 
41.2 months with and without HIPEC respec-
tively. From this trial it can be deducted that 
surgery has an important role in treating 

peritoneal metastases and that in a highly 
selected group of patients who underwent 
substantial systemic treatment short oxalipl-
atin-based HIPEC does not further improve 
survival.

PIPAC has been proposed in patients with 
more extensive disease, mainly for improving 
quality of life. An aerosol containing pressur-
ized chemotherapy is insufflated during a lapa-
roscopy. This procedure can be repeated several 
times [8]. Alyami et al. [9] showed that PIPAC 
may downstage peritoneal metastases; 14% of 
146 patients with a variety of peritoneal surface 
malignancies where downsized to a point 
whereby CRS-HIPEC was possible.

Pelvic Exenteration, Cytoreductive 
Surgery, and HIPEC

Locally advanced or recurrent rectal cancer is 
the most frequent indication for pelvic exen-
teration. As two-thirds of the rectum is located 
below the peritoneal fold, peritoneal metasta-
ses are rare in those cancers. Simkens et  al. 
published a study of 317 patients with colorec-
tal cancer who underwent CRS-HIPEC at their 
institute [10]. Only 29 patients (9%) had rectal 
cancer. The median distance of the lower bor-
der of the tumor to the anus was 10 cm (range 
4–15 cm). An abdomino-perineal resection was 
performed in two patients. Some patients were 
treated for recurrent rectal cancer with perito-
neal metastases. The authors did not observe a 
poorer survival for patients who underwent 
CRS-HIPEC for peritoneal metastases of rectal 
cancer versus patients who underwent CRS-
HIPEC for metastases of colonic cancer as 
opposed to other reported studies [11]. Shinde 
et al.  [12] performed a systematic review and 
did not find studies including patients who 
underwent pelvic exenteration and CRS-
HIPEC. However, though there is little evi-
dence on this topic it does not mean that 
performing pelvic exenteration with CRS-
HIPEC is not considered. A posterior 
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exenteration with removal of the rectosigmoid 
and uterus and ovaries en bloc is common in 
CRS-HIPEC procedures, so as to clear the pel-
vis of peritoneal metastases. In some instances, 
to take part or all of the bladder is also neces-
sary to clear disease in the vesico-uterine/
rectal pouch.

There is evidence of cases that have 
observed a high recurrence rate when only a 
limited resection of peritoneal metastases is 
performed  [13,  14].Therefore, in the setting 
of locally or recurrent pelvic disease with per-
itoneal involvement only, a pelvic exentera-
tion with complete CRS-HIPEC is needed, if 
feasible. Patient selection is vital, including 
consideration of associated morbidity and 
mortality of both procedures. The PelvEx 
Collaborative has observed a perioperative 
mortality of 1.5% and a severe complication 
rate of > 35% [15],while the PROPHYLOCHIP 
study had a severe complication rate of > 40% 
following CRS-HIPEC  [14]. Logic suggests 
that combining these procedures will be 
associated with an increased morbidity and 
mortality.

To balance potential morbidity and poten-
tial oncological benefit and select patients, it 
seems reasonable to stick to rules learnt from 
patients with the combination of peritoneal 
metastases and liver metastases. Elias et  al. 
retrospectively reviewed the outcomes of 
patients who were treated for both liver 
and  peritoneal metastases  [16]. Patients 
received systemic chemotherapy first, and 

subsequently CRS-HIPEC plus local treat-
ment of the liver. Their survival was com-
pared with patients who underwent local 
treatment of liver metastases only or CRS-
HIPEC only. Although median survival of 
patients who underwent both local treatment 
of the liver and CRS-HIPEC was lower, 26% of 
patients were alive at five years postopera-
tively. Thus, for carefully selected patients the 
combined treatment offered an advantage 
over systemic chemotherapy alone  [6]. Elias 
et al. proposed a nomogram in which PCI and 
number of liver metastases are impor-
tant  [16]. The combined operation is most 
likely to benefit patients with a low PCI and 
few liver metastases.

The same principles are probably sensible 
for the selection of patients for pelvic exentera-
tion and CRS-HIPEC. Patients should be fit, 
resections should be technically feasible, the 
morbidity of either operation should be lim-
ited, and the PCI should be low. PCI has a lin-
ear correlation with survival [17]; however, it 
is difficult to ascertain an exact PCI cut-off 
point.

Ultimately, the treatment of colorectal peri-
toneal metastases has significantly evolved 
over the last decades from palliative manage-
ment to curative intent. There is a considerable 
lack of evidence of the role of pelvic exentera-
tion and synchronous CRS-HIPEC. Tailoring 
this treatment approach to individual patients 
is needed, including good perioperative coun-
seling and expectation management. 

Summary Box

●● Peritoneal penetration is the main mecha-
nism by which colorectal tumors can cause 
peritoneal metastases.

●● CRS-HIPEC plus systemic therapy impro
ved survival as compared to sys
temic  ­chemotherapy in selected patients 
with colorectal cancer and peritoneal 
metastases.

●● Locally advanced or recurrent rectal can-
cers with accompanying peritoneal metas-
tases are underrepresented in the current 
literature on CRS with or without HIPEC.

●● Pelvic exenteration and CRS-HIPEC is feasi-
ble in carefully selected patients. Potential 
survival benefit must be weighed against 
additional morbidity.
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Background

The surgical approach to advanced pelvic 
malignancy or recurrent pelvic disease has 
largely depended on open surgical techniques. 
Recurrent disease is generally associated with re-
operative surgery in an irradiated field with dis-
tortion of surgical planes making a minimally 
invasive approach extremely challenging. In 
addition, there is debate regarding the role of 
minimally invasive surgery (MIS) in the man-
agement of advanced disease or recurrence. 
However, in the last decade (since 2010) 
advances in technology (ergonomic instruments, 
improved vessel sealers, better optics, 3D imag-
ing) have evolved to facilitate more minimally 
invasive approaches to complex pelvic surgery.

In cases of locally advanced pelvic malig-
nancy or disease recurrence, achieving a nega-
tive resection margin (R0) is the most important 
factor for disease survival  [1–4]. Multivisceral 
resection, extended lymphadenectomy, or total 
pelvic exenteration (TPE) involving en-bloc 
resection of the rectum, bladder, and internal 
genital organs provides the best chance 
for cure [5, 6]. However, extended pelvic resec-
tions beyond normal anatomical planes are 

technically demanding procedures, often requir-
ing a multidisciplinary surgical input which 
may include urology, gynecology, neurosurgery, 
vascular, orthopedic, and plastic surgeons  [7]. 
Given these technical considerations and vary-
ing levels of expertise in minimally invasive 
techniques between disciplines, a minimally 
invasive approach to complex pelvic malignancy 
represents a unique challenge. Incomplete resec-
tion rates for a laparoscopic approach for locally 
advanced rectal cancer have been reported in 
the range of 20–30% [8, 9]. However, with the 
advent of robotic surgery, a minimally invasive 
approach is more feasible  [10, 11], with good 
results in expert hands.

­History of Minimally Invasive 
Pelvic Exenterative Surgery

A significant amount of the available literature 
relating to minimally invasive exenterative 
surgery is derived from the laparoscopic man-
agement of advanced gynecological disease. 
One of the first cases of a laparoscopic exen-
teration was reported in 2004 describing an 
anterior exenteration with continent bladder 
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reconstruction for a locally advanced cervical 
cancer with a vesico-vaginal fistula  [12]. A 
large case series of laparoscopic anterior exen-
teration for locally advanced or recurrent cer-
vical cancer has been reported from an Indian 
group with good oncological outcomes [13]. In 
their approach, a laparoscopic uretero-sigmoi-
dostomy was performed for urinary diversion.

The majority of reports of laparoscopic exen-
teration in colorectal cancer come from Japan, 
where laparoscopic pelvic sidewall lymphad-
enectomy is routine [14, 15]. In addition, laparo-
scopic radical cystectomy and ileal conduit 
formation may be necessary. It has been shown 
that patients undergoing laparoscopic exentera-
tion have a shorter length of stay, although 
mean operating times can be longer. The ability 
to perform laparoscopic urinary diversion has 
been an important step in progressing to a totally 
minimally invasive pelvic exenteration [16].

The first robotic exenteration was described 
in 2009 for a recurrent cervical cancer with a 
malignant recto-vaginal fistula [17]. The patient 
underwent a robotic-assisted TPE with omento-
plasty, end colostomy, and formation of a 
robotic-assisted ileal conduit. The authors 
recorded an operating time of just over six 
hours. The earliest report in the colorectal lit-
erature was in 2003 when Shin et al. described 
three cases of robotic-assisted multivisceral 
resection for locally advanced rectal cancers 
involving the prostate and bladder  [18]. 
Subsequently there have been several case 
series detailing single-institution experiences 
with robotic pelvic exenteration. Data from the 
University of Texas MD Anderson Cancer 
Center describe 36 patients undergoing robotic 
multivisceral resection or extramesorectal 
lymph node dissection for locally advanced rec-
tal cancers [19]. Results from this cohort dem-
onstrated a 100% R0 resection rate, with a 
median hospital stay of four days despite opera-
tive times of nearly seven hours. There was only 
one conversion to open surgery and this was 
due to inability of the patient to tolerate the 
Trendelenburg position. Winters et al. describe 
a case series of three patients undergoing a 
robotic-assisted TPE with minimally invasive 

rectus flap reconstruction of the perineum [20]. 
Operative time in this series ranged from 9.5 to 
11 hours with an estimated blood loss of 500 cc 
which compares favorably to open TPE.

Rectal Cancer Beyond TME

There is likely to be an increasing role for 
robotic rectal cancer resection beyond total 
mesorectal excision (TME). A subset of patients 
requiring extra-levator abdomino-perineal 
resection (ELAPE) may benefit from a robotic 
abdominal approach [21]. ELAPE involves total 
mesorectal excision up to the coccyx and pelvic 
peritoneal dissection anterior to Denonvillier’s 
fascia with either mesh or soft tissue recon-
struction of the perineal defect [22]. ELAPE is a 
more radical approach for locally advanced or 
recurrent low rectal cancers. Feasibility of 
robotic resection for recurrent rectal cancer has 
also been demonstrated; however, careful 
patient selection is paramount [23].

­Advantages of a Robotic Approach 
to Exenteration

Robotic surgery has several benefits over tradi-
tional laparoscopic surgery particularly for pelvic 
work. A 3D magnified view that can be controlled 
by the surgeon and not the assistant is a major 
advantage. In addition, the robotic platform 
offers fixed traction, multiple ports, and better 
ergonomics for the surgeon which is important 
in a long procedure. Precise dissection of pelvic 
sidewall nodes and para-aortic nodes as well as 
nerve sparing procedures are all facilitated by a 
robotic approach. Furthermore, EndoWrist tech-
nology allows for articulated instruments that 
have greater degrees of freedom than traditional 
laparoscopic instruments as well as providing 
excellent vessel-sealing capabilities [24]. The sur-
geon may, however, be disadvantaged from a lack 
of haptic feedback and, in the early learning 
phases, the time taken to dock and undock the 
robot. This could potentially be an issue if a rapid 
conversion to open surgery is required in case of 
an intraoperative catastrophe.
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­Surgical Planning and 
Reconstruction

There are several factors that should be consid-
ered to ensure patient suitability for minimally 
invasive exenteration. These can be subdivided 
into patient factors, disease factors, and techni-
cal factors.

Patient Factors

Patients who have undergone previous open 
surgery may not be candidates for a minimally 
invasive approach due to formation of adhe-
sions or loss of planes in a re-operative/irradiated 
field. In addition, patient comorbidities may 
preclude a laparoscopic/robotic approach  due 
to inability to tolerate a pneumo-peritoneum or 
steep Trendelenburg for several hours. As with 
all patients undergoing pelvic exenteration, pre-
operative assessment is essential to minimize 
postoperative morbidity.

Disease Factors

It is crucial that staging is accurate and up to 
date prior to embarking on a multivisceral 
resection. In addition to good cross-sectional 
imaging, endoscopic (colonoscopy/cystoscopy) 
may be necessary. Evidence of distant meta-
static disease is generally a contraindication to 
exenteration. All cases should be discussed at a 
multidisciplinary meeting involving patholo-
gists, radiologists, radiation and medical oncol-
ogist, and surgeons.

For the purposes of exenterative surgery, the 
pelvis is divided into four anatomical com
partments: axial, anterior, posterior, and 
lateral [25]. The axial compartment consists of 
the vagina, uterus, ovaries, fallopian tubes, 
broad ligament, round ligament of the uterus, 
rectum, and pelvic floor muscle (iliococcygeus 
part of levator ani). The anterior compartment 
comprises the bladder, prostate, seminal 
vesicles, vas deferens, urethra, urogenital dia-
phragm, dorsal vein complex, obturator inter-
nus and externus muscles, anterior pelvic floor 
muscles, pelvic bone (pubic symphysis, superior 

and inferior pubic rami), and obturator nerves 
and vessels. The posterior compartment con-
sists of the rectum, pelvic floor (coccygeus mus-
cle), internal iliac vessels, piriformis muscle, 
sacral nerves S1–S4, pelvic bone (sacrum and 
coccyx), anterior sacrococcygeal ligament, and 
medial sacrotuberous and sacrospinous liga-
ments. The lateral compartment equates to the 
pelvic sidewall structures: ureters, internal, and 
external iliac vessels, piriformis, obturator inter-
nus and coccygeus muscles, lateral sacrotuber-
ous and sacrospinous ligaments attached to the 
ischium, ischium (including tuberosity and 
spine), lumbosacral trunk, and sciatic nerve dis-
tal to ischial spine [22].

In terms of surgical approach, an anterior 
exenteration involves removal of the reproduc-
tive organs, bladder, and urethra. A posterior 
exenteration often involves excision of the rec-
tum as well as the reproductive organs. A TPE 
removes all pelvic organs as well as ligamen-
tous and muscular supports. This may be 
extended to bony structures and nerves [26, 27].

Technical Factors

Technical factors involve determining whether 
the tumor is resectable as well as the operative 
approach. If a large perineal defect necessitating 
extensive soft tissue reconstruction is required 
(e.g. VRAM flap), a minimally invasive approach 
would not be advisable. Also, if an incision is 
required for specimen extraction or ileal conduit 
formation, a minimally invasive approach may 
be redundant. It is therefore important to have a 
preoperative discussion with relevant special-
ties (plastic surgeons, urologist, gynecologists, 
vascular surgeons, neurosurgeons) prior to 
defining the operative approach.

­Robotic Surgical Approach

Patients are placed in the Lloyd-Davies posi-
tion in varying degrees of Trendelenburg 
according to surgeon preference. Consideration 
should be given to preoperative ureteric stent-
ing in certain cases. Attention should be paid to 
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patient positioning and any pressure areas 
should be padded. Surgeons should be con-
scious of the length of the operation and the 
risk for compartment syndrome or deep vein 
thrombosis (DVT) with prolonged surgery. Port 
placement is very much up to surgeon prefer-
ence; however, fortunately the same ports can 
generally be used to perform the rectal dissec-
tion as dissection of the anterior and lateral 
compartments. Often the posterior rectal dis-
section is performed first as mobilization of the 
anterior structures (bladder, uterus) may lead 
to an obstructed view. A perineal incision is 
often made and this can therefore be used as a 
site for specimen extraction. Shin et al. describe 
a minimally invasive rectus abdominus flap 
which requires a small fascial incision and can 
keep the abdominal scars to a minimum [19].

­Outcomes

To date, the majority of published evidence on 
minimally invasive exenterative surgery has 
been retrospective, single-institution series of 
carefully selected patients. Nonetheless, MIS 
has been shown to confer benefits in terms of 
less postoperative pain, shorter hospital stay, 
and earlier recovery  [28, 29]. In addition, 
there appears to be a lower rate of blood 
loss [14]. Operative times, however, are longer, 
although this does not appear to translate to 
an increase in morbidity. Most importantly, 
there does not  appear to be a compromise 
in  terms of oncological resection with a 

minimally invasive approach. The PelvEx 
Collaborative recently conducted a meta-anal-
ysis of the current literature [30] which com-
prised four studies totaling 170 patients. A 
comparison of minimally invasive (20%) to 
open surgery (80%) was performed. The 
current evidence consists of mainly low-
volume case series and differs in terms of dis-
ease subtypes. Nevertheless, this meta-analysis 
observed that a minimally invasive approach 
seemed to confer a lower rate of morbidity 
and blood loss at a cost of longer operating 
times. Surgeons, however, should be cogni-
zant of the fact that MIS exenteration may be 
unsuitable or unsafe in cases where sacrec-
tomy, nerve involvement, or extensive soft tis-
sue reconstruction is required.

­Future Directions

Robotic pelvic exenteration provides a unique 
platform for the minimally invasive multidisci-
plinary management of advanced and recur-
rent pelvic cancers. It is interesting that 
surgical techniques have been borrowed and 
refined from various specialties to be able to 
tackle these complex cases. Although the oper-
ative times may be longer than the current gold 
standard open approach, we are only at the 
upstroke of the learning curve. Clearly, patient 
selection is key in MIS exenteration, but as 
technology and surgical skill advance, a robotic 
multivisceral approach to complex pelvic 
malignancy may become more mainstream.

Summary Box

●● Minimally invasive exenteration is feasible 
in highly selected cases.

●● Preoperative planning with up-to-date 
imaging and MDT discussion is important 
in identifying suitable candidates.

●● An experienced MDT should be involved 
including colorectal surgeons, gyne-
oncologists, urologists, plastic surgeons, 
and anesthetists.

●● Similar outcomes compared to the gold 
standard of open surgery have been 
achieved at high-volume centers.

●● Advantages may include less blood loss, 
shorter length of stay, and decreased mor-
bidity compared to open surgery. This is at 
the expense of longer operative times.
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Background

The majority of patients who undergo exen-
terative surgery for urological, gynecological, 
or colorectal cancer will require urinary and/
or fecal diversion. The decision-making and 
formation of a stoma can be complex, with 
major impact on the quality of life (QoL) of 
patients. As large pelvic defects are created, the 
harvest of myocutaneous abdominal wall flaps 
adds extra complexity to the reconstruction of 
the abdominal wall and the placement of one 
or more stomas. Previous (chemo)radiation 
therapy is widely used as neoadjuvant treat-
ment and is a major risk factor for early and 
late complications [1]. Patients needing pelvic 
exenteration have a QoL heavily influenced by 
morbidity relating to stoma complications. In a 
prospective study among gynecologic cancer 
patients who underwent pelvic exenteration, 
stoma-related QoL was inversely correlated 
with body image distress scores and sexual dis-
comfort scores [2]. The complexity of exentera-
tive procedure often needs tailoring to consider 
the restorative part of the surgery (including 
abdominal wall repair and stoma formation). 
This chapter describes various possible urinary 
and/or combined fecal diversion methods.

Urinary Diversion

The standard urinary diversion made by urolo-
gists is the ileal conduit placed in the right part 
of the lower abdomen, often being part of a 
Bricker procedure for bladder resection. Since 
the complexity of exenterative surgery often 
requires other possibilities, a range of proce-
dures have been described and used. Diversion 
of urine can be performed and the creation of 
urinary pouches using the ileum, sigmoid, or 
transverse colon. A tailor-made approach and 
informing patients preoperatively of the vari-
ous treatment options and the outcomes with 
regard to body image, complications, and revi-
sional surgery is essential.

Incontinent Urinary Diversions

Ileal Conduit

Ileal conduit, first described by Bricker in 1950, 
has remained the popular option for urinary 
diversion [3]. A 10- to 12-cm ileal segment is 
isolated approximately 20 cm proximal to the 
ileocecal valve. After enteroenterostomy of the 
proximal and distal ileum, the segment is 
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placed posterior to the anastomosis. The mes-
enteric window is closed and the left ureter is 
brought beneath the sigmoid mesocolon infe-
rior to the level of the inferior mesenteric 
artery. Both ureters are anastomosed with the 
ileal conduit over stents. The distal end of the 
ileal segment is fashioned as an ileostomy in 
the right lower abdominal quadrant [3, 4].

Few reports have been published on varia-
tions of this technique, including presence of 
ileostomy, flap reconstruction, and limited ure-
ter length. Previously created loop ileostomies 
can be converted in urinary conduits by stapling 
of the efferent ileum and creation of a new 
enteroenterostomy proximal to the conduit. In 
case of myocutaneous rectus abdominis flap 
reconstruction, the ileal conduit can be brought 
out through the internal oblique muscle, lateral 
to the (right) rectus muscle sheath above the 
level of the arcuate line [5]. If one or both ureters 
are short, the conduit can be placed anterior to 
the enteroenterostomy (“water over the bridge”) 
through the mesentery of the right colon. The 
ureters are then anastomosed to the retroperito-
neal tail of the conduit and stented [6].

Russo et al. reported on a series of 47 patients 
who underwent urinary diversion after total 
pelvic exenteration for rectal cancer (44 of 
whom had ileal conduits)  [7]. Median follow-
up was 17 months. Complications occurred in 
17%. Long-term complications such as skin 
excoriation (parastomal dermatitis), parasto-
mal hernia, and uretral stenosis are relatively 
common after Bricker deviation with rates > 
60% of cases [8].

Transverse Colon Urinary Diversion

The rational of using transverse colon for uri-
nary diversion is the use of non-irradiated 
bowel. Ten to twenty centimeters of the trans-
verse colon is isolated and used as a conduit, 
with intact blood supply from the mesentery 
including the middle colic artery  [9]. The 
proximal and distal transverse colon are rean-
astomosed after creation of a mesenteric 

defect for the left ureter. The conduit is then 
secured to the peritoneum. This technique 
can also be used in case of short ureters. In a 
series of 86 patients (and 165 ureterocolic 
anastomoses) published by Segreti et al., early 
stent dislodgment (< 24 hours) occurred in 
five patients, of whom three developed ure-
teral stricture and one patient eventually had 
loss of kidney function [9].

Distal Colon Urinary Diversion

Teixeira et  al. reported the results of 27 
patients who had a colonic conduit following 
pelvic exenteration compared with 47 patients 
having an ileal conduit  [10]. Initially, the 
colonic conduit was preferred if the ileum had 
significant radiotherapy effects. Colonic con-
duit was also the preferred method if a colos-
tomy was already in place. The ureters were 
spatulated and anastomosed end-to-end and 
end-to-side to the distal part of the remaining 
colon. Stents were placed and the colon con-
duit and end colostomy were sutured to the 
skin at separate sites. If there was already a 
colostomy in place, a conduit was created after 
transsection of the proximal bowel. A new 
colostomy was created at the contralateral 
side. The combined incidence of conduit-
related complications (fistula, leakage, 
drained collections, sepsis) was significantly 
higher in the ileal conduit group compared to 
the colonic conduit group (40% vs. 19%, 
p < 0.001) [10].

A series of 21 patients by Meijer et al. also 
described the use of the distal colon (sigmoid) 
as a conduit  [11]. Short-term complications 
were found in 11/21 patients, with five patients 
requiring stents or nephrostomy for manage-
ment of post-renal obstruction. One patient 
with persistent urinary leakage required revi-
sion [11]. There are also concerns of colorectal 
cancer developing in the pouch, which is 
reportedly higher if the sigmoid colon is used 
instead of the ileum. This mechanism has been 
related to nitrosamine bacterial production in 
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the reservoir, warranting long-term surveil-
lance/follow-up [12, 13].

Comparative studies on urinary diversion 
are scarce. Tabbaa et al. compared short-term 
outcomes for incontinent ileal (n = 129), sig-
moid (n = 26), and transverse (n = 11) colonic 
conduits in a retrospective series of 166 
patients with gynecological malignancies [14]. 
Significant conduit-related complications 
included ureteral stricture or anastomotic leak, 
conduit leak or obstruction, ischemia or stent 
obstruction requiring reinterventions, and/or 
renal failure. Complication rates for the ileal, 
sigmoid, and transverse colon groups were 22, 
29, and 0% respectively. Eight of the 34 patients 
had complications within 90 days requiring 
reoperation (7/27  ileal group; 1/7 sigmoid 
group) and 16 required an interventional radi-
ology procedure (11/27  ileal group; 5/7 sig-
moid group). In the long term, 9/129 patients 
in the ileal group developed complications; 
four ureteral strictures, two renal failures, two 
ureteral obstructions, and one conduit leak/
obstruction. Two patients were affected in the 
transverse group (one ureteral obstruction and 
one renal failure) and none in the sigmoid 
colon group. The transverse colon group had a 
statistically significant lower rate of general 
complications than the ileal group (19% vs. 
40%, p < 0.001) [14].

Soper et al. reported a series of 69 women fol-
lowing pelvic exenteration for gynecologic 
malignancy [15]. They found significantly more 
surgical morbidity in patients who had an ileal 
conduit without gracilis flap reconstruction 
compared to patients who had a transverse colon 
conduit (42% vs. 23%). Also, 61% of patients with 
sigmoid colon conduits developed serious com-
plications (mainly stomal strictures, fistula for-
mation, small bowel obstruction, and ureteral 
obstruction) [15].

Direct Cutaneous Ureterostomy

This technique has been associated with high 
long-term morbidity (> 50%), including 
stenosis of the cutaneous ureteral meatus. 

Stenosis will often require dilatation and/or 
revisional surgery. These diversions have 
been associated with leaking external stomal 
appliances. In addition due to the high inci-
dence of complications, including obstruc-
tion-related renal failure, this technique has 
been abandoned [1].

Continent Urinary Diversions

Continent diversion options for urinary diver-
sions include the use of the appendix as the 
continence mechanism (Mitrofanoff valve, 
Penn pouch), the intussuscepted nipple valve 
(Kock, Mainz, UCLA pouch), tapered terminal 
ileum, ileocecal valve and right colon (Indiana 
pouch, Florida pouch, and Miami pouch), or 
the orthotopic neobladder.

Accumulation of urine in continent urinary 
reservoirs can result in metabolic acidosis by 
reabsorption of ammonia, chloride, and 
hydrogen and secretion of bicarbonate and 
sodium. These disturbances are more com-
mon if the jejunum is used instead of the 
ileum. A long conduit can also result in stasis 
of urine, resulting in hyperchloremic and 
hypocalcemic metabolic acidosis. The most 
commonly reported complications relating to 
continent reservoirs are urinary tract infec-
tions, ureteral strictures, and difficulty in self-
catheterization [16]. In the long term, use of 
irradiated ureter and/or bowel can cause 
excessive fibrosis. Ureteral stenosis can occur 
at the uretero-ileal anastomosis. Stenosis or 
fistulization can be symptoms of cancer 
recurrence. Patients are advised to irrigate the 
pouch regularly (daily–weekly) to prevent 
accumulation of mucus. Ureteral obstruc-
tions can be managed with percutaneous 
nephrostomy and ureteral stenting [1]. Other 
long-term problems include ureteral stones, 
related to presence of foreign body such as 
staples, ureteral stenosis, and renal insuffi-
ciency  [17]. An overview of techniques for 
continent catheterizable pouches was pub-
lished by Rink et al. [18].
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Miami Pouch

The Miami pouch technique was introduced 
in 1988 by Bajany and Politano, and involves 
the creation of a pouch using the terminal 
ileum and ascending colon [19]. A 10-cm seg-
ment of terminal ileum is isolated along with 
the ascending colon. The appendix is removed 
and the colon segment is irrigated and detubu-
larized. A catheter is inserted into the cecum 
through the ileocecal valve. The distal ileum is 
tapered by stapling, and the valve mechanism 
is reinforced with three purse-string sutures. 
Stents are placed in both ureters, which are 
anastomosed to the colon. A lateral opening is 
created in the pouch, allowing insertion of a 
24-Fr catheter, and the pouch is secured to the 
abdominal wall.

Ramirez et al. published a series of 40 patients 
with gynecologic malignancies  [20]. Sixty per-
cent of patients developed postoperative con-
duit reservoir complications, including urinary 
tract infections or pyelonephritis (n = 12), uri-
nary stomal stricture, acute renal failure, ure-
teral stricture, or anastomotic leak (all n = 1). 
Fifteen patients had to undergo surgical proce-
dures for reservoir stones, stomal strictures, ure-
teral anastomotic stricture, or fistula formation. 
Late complications included recurrent urinary 
tract infections or pyelonephritis (n = 14), uri-
nary stomal strictures (n = 9), stones (n = 7), 
ureteral strictures (n  =  2), acute renal failure 
(n  =  1), and pouch-cutaneous fistula (n  =  1). 
However, at a median follow-up of 28 months, 
90% of patients were continent for urine [20].

In a series of 41 patients with gynecologic 
malignancies, late urinary complications were 
found in 66% of Miami pouch patients  [21]. 
Eight patients needed uretero-renal dilatation 
and five patients were reoperated for, respec-
tively, urine leakage, stomal stenosis, and pouch 
perforation, and two patients with pouch stones. 
Sanchez-Valdivieso et al. reported continency in 
22/23 patients (96%) who had a Miami pouch 
after anterior or total pelvic externation for 
gynecological malignancy after a median fol-
low-up of 25 months [22].

Indiana Pouch

Rowland’s first description of the Indiana 
pouch technique dates from 1985 [23, 24]. This 
pouch consists of a detubularized right colon 
segment with a plicated ileocecal valve and 
tapered distal ileum. The hydraulic valve 
design relies on a fixed resistance to outflow. 
Stomal incontinence occurs once the internal 
reservoir pressure rises [25].

Mannel et  al. described a series of 37 
patients  [26]. After a median follow-up of 
11 months, urinary tract infections or pyelone-
phritis were observed in four patients, stric-
tures in two patients, and reflux in four 
patients. Mild to moderate hydronephrosis was 
also reported in five patients, none of whom 
developed renal failure. Daytime continence 
was achieved in all patients and 89% had noc-
turnal continence. Three patients required 
revisional surgery for stomal stenosis and cath-
eterization difficulties [26].

Castillo et  al. reported on continent urinary 
reservoirs following exenteration  [27]. Post
operative complications occurred in 19% of 
patients, including urinary sepsis, surgical 
wound infection, and ileocolonic fistula with 
peritonitis, requiring reconstruction of an ileos-
tomy and mucous fistula. After a mean follow-up 
of 56 months, 32% of patients developed reser-
voir-related complications: ureteral anastomosis 
stenosis (n  =  11), cutaneous stoma stenosis 
(n  =  9), and renal stone formation (n  =  6). 
Interventions for these complications were not 
reported  [27]. Husain et  al. reported on 33 
patients with gynecologic malignancies who 
received Indiana pouches, 13 of whom had a low 
rectal anastomosis [28]. Alarmingly, 7 of these 13 
patients developed anastomotic leakage, one of 
whom died. Two patients developed rectovaginal 
fistulas and required end colostomies, leaving 
only four patients with bowel continuity [28].

Uretero-ileocecal Appendicostomy

Uretero-ileocecal appendicostomy could be 
considered as a modification of the Penn pouch, 
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using a detubularized colonic segment folded 
into a U-shape. The tip of the appendix is 
removed and a 14- to 16-Fr catheter is inserted 
into the lumen. Then the appendix is folded 
cephalad and buried in a cecal submucosal tun-
nel. The ureters are anastomosed to a connected 
15-cm segment of terminal ileum and stented. 
The appendiceal stoma is formed at the umbili-
cus or right lower quadrant. Bochner et al. pub-
lished a series of 14 patients who underwent 
total or anterior pelvic exenteration [25]. After a 
median follow-up of 10 months, four patients 
developed stoma-related complications, includ-
ing stenosis requiring dilatation and false pas-
sage requiring an indwelling catheter, and two 
patients disruption of the stomal–umbilical 
anastomosis. One patient underwent surgical 
revision of the stoma and the other patient died 
before revision could be performed. All patients 
reported continence with catheterization inter-
vals of three to six hours [25].

Orthotopic Neobladder

Orthotopic neobladder is well known for 
reconstruction after cystectomy. It is an alter-
native for patients without disease of the ure-
thra requiring uretherectomy. The technique 
allows voiding via the urethra with urinary 
continence. The pressure within the reservoir 
needs to be lower than the resting pressure of 
the urethra. Transsection of the musculature 
of the ileal loop, also called detubularization, 
increases the compliance of the N- or Y-shaped 
reservoir by avoiding intestinal peristalis [29]. 
Omentum can be placed between a colorectal 
anastomosis and the neobladder to reduce the 
risk of fistulization. Though this technique is 
well known for reconstruction after cystec-
tomy, it has only been described in three case 
series after pelvic exenteration. Yamamoto 
et al. described five patients with rectal carci-
noma, with one patient needing an ileal con-
duit because of partial neobladder necrosis 
and minor leakage of the neobladder  [29]. 
Koda et  al. reported on five patients with 
advanced colorectal cancer  [30]. One patient 

developed a fistula between the coloanal and 
neobladder–urethral anastomoses, and a trans-
verse colostomy was created. Another patient 
developed minor anastomotic leakage of the 
coloanal anastomosis, which was managed 
conservatively  [30]. Finally, Chiva et  al. pub-
lished a series of six patients with cervical can-
cer, all trained in self-catheterization of the 
bladder [31]. One patient developed a neoblad-
der anastomotic leak which was managed con-
servatively, two patients suffered from episodes 
of metabolic acidosis due to bicarbonate loss, 
and two patients developed late neobladder 
anastomotic leaks [31]. When compared with 
ileal conduit, the formation of an orthotopic 
neobladder extends operative time by approxi-
mately one hour  [29]. Both Yamamoto and 
Koda reported that daytime continence was 
achieved in all of their patients, with nighttime 
voiding needed to maintain nocturnal conti-
nence  [29, 30]. Chiva et  al. reported satisfac-
tory to good continence after six months of 
follow-up [31].

­Comparison of Continent 
and Incontinent Urinary Diversions

Comparative studies on continent and inconti-
nent urinary diversion techniques are scarce. 
Martinez et  al. compared QoL after pelvic 
exenteration for gynecologic malignancy in a 
French multicenter prospective study  [32]. 
Patients with continent urinary diversion had 
worse overall QoL scores than patients with 
incontinent urinary diversion at one month 
after surgery. This effect is thought to be related 
to the learning curve of self-catheterization, 
which has been reported to be a source of psy-
chological stress [33]. However, after one year, 
similar scores were found for both groups for 
overall QoL, physical, cognitive, and social 
function [32].

Forner et  al. compared outcomes of 
33 gynecologic oncology patients with a varia-
tion of a continent ileocecal pouch, using the 
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appendix as stoma at the umbilicus, to 67 
patients with an ileal conduit [34]. Operation 
time and postoperative hospital stay were sig-
nificantly longer in the pouch group. The 
pouch group reported significantly more com-
plications than the ileal conduit group (48% vs. 
31%, p = 0.03). Surgical treatment was needed 
for seven patients with an ileal conduit and six 
patients with an ileocecal pouch. One patient 
in the ileal conduit group developed renal 
failure [34].

Goldberg et al. surveyed 103 patients regard-
ing their satisfaction after total pelvic exentera-
tion. Fourteen patients developed anastomotic 
leaks, without a difference between ileal con-
duit and continent conduits (Indiana or Miami 
pouch variation)  [35]. Eighty-nine percent of 
38 patients with continent conduits were 
continent. Six patients (16%) with continent 
conduits reported persistent problems with 
self-catheterization and 21 patients (54%) with 
continent conduits would prefer an ileal con-
duit if they could make the choice again. Self-
catheterization is reportedly more difficult in 
case of a long ileal segment and adherence to 
the pelvic floor, for which anchoring to the 
abdominal wall is advised [35].

Urological Leaks

Urological leaks can be demonstrated by con-
trast extravasation on radiological imaging 
such as computer tomography (CT) scans or 
conduitograms. Leakage can occur due to 
ischemia, stomal stenosis, technical error, or 
iatrogenic perforation, and tend to be more fre-
quent in patients with a body mass index > 
30 kg/m2 [21, 35]. Urine leaks from the ureter-
oenteric anastomosis can be considered anas-
tomotic leaks, whereas leakage from other sites 
can be considered conduit leaks. Brown et al. 
described a clinical algorithm for the diagnosis 
and management of urological leaks following 
pelvic exenteration  [36]. They recommend to 
perform regular drain creatinine studies, and 
to have a high index of suspicion of urological 

leaks in patients who remain septic in spite of 
appropriate treatment. Management may 
include percutaneous and/or transconduit 
drainage, insertion of nephrostomy tubes, or, 
eventually, surgical revision of the conduit. 
Urinary leakage has been observed to be more 
common in macroscopic irradical resections 
(R2) and total pelvic exenteration, involving all 
four quadrants of the pelvis [10]. Furthermore, 
Teixeira et  al. found increased length of 
hospital stay and decreased survival (34 vs. 
40 months, p = 0.04) [10]. Some have suggested 
that ongoing sepsis and pro-inflammatory 
cytokines may enhance tumor growth and pro-
liferation [37, 38].

Fecal Diversion

Almost all patients with exenterative pelvic 
surgery require a fecal diversion, causing con-
siderable impact on QoL. Having a stoma 
impacts body image, and sexual and social 
functioning [39]. Stoma-related problems such 
as skin erosion, swelling, pain, leakage, and 
prolapse can result in direct and indirect 
healthcare implications  [40]. There are con-
flicting data regarding whether one versus two 
stoma influences overall QoL [41–44].

If patients initially present with symptoms 
of obstruction, a loop ileostomy, transverse 
colostomy, or end colostomy may be created to 
facilitate complete staging and/or neoadjuvant 
therapy Overall, there are several options for 
fecal diversion and these must be tailored to 
each individual patient [45].

­Combined Fecal and Urinary 
Diversion

Wet Colostomy

When first reported in 1948, all pelvic exenter-
ations resulted in a wet colostomy  [46]. Both 
ureters were implanted in the end colostomy 
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proximal to fecal output, causing a mixture of 
urine and feces. This resulted in electrolyte dis-
turbances, malodour, and recurrent pyleone-
phritis, causing this technique to fall out of 
favor [46].

Double-Barreled Wet Colostomy

Double-barreled wet colostomy was first 
described in 1989  [47, 48]. The ureters are 
implanted on the antimesenteric side of the 
distal sigmoid colon. Thereafter, a diverting 
loop colostomy is created 8-10 cm proximal to 
the sigmoid stump. Fecal and urine streams 
are kept separate, reducing the risk of pyelone-
phritis. Patients can void urine bags when full 
or when intermittently mixed with feces. 
Stoma bags with air filter can help to reduce 
malodour if present.

Gan published a review comparing double-
barreled wet colostomy versus ileal conduit 
with colostomy [49]. A retrospective series of 
181 patients observed shorter median operat-
ing times for double-barreled wet colostomy 
compared to ileal conduit (32 vs. 64 minutes, 
p < 0.0001)  [50]. Also, overall morbidity 
was  significantly lower in the double-
barreled wet colostomy group (11.5 vs. 23.4%, 
p  =  0.04). Similarly, Backes et  al. noted 
shorter mean operating times (610 vs. 
720 minutes, p  =  0.04), fewer leakages, less 
sepsis, and shorter median length of stay 
(14.5 vs. 26 days, p = 0.01) in the wet colos-
tomy cohort when compared with ileal con-
duit patients [51]. In contrast, Chokshi et al. 
observed higher 30-day morbidity with dou-
ble-barreled wet colostomies, and compara-
ble operating times and length of hospital 
stay [52].

A small prospective series comparing plain 
wet colostomy and double-barreled wet colos-
tomy in 15 patients observed no significant dif-
ferences in short-term outcome. The plain wet 
colostomy was associated with higher rates of 
pyelonephritis (37% vs. 14%) in the double-
barreled colostomy [53].

García-Granero et al. reported on 30 patients 
who underwent double-barreled wet colos-
tomy, 14 patients with ileal conduit, and 2 
patients with uretero-cutaneostomies  [54]. 
Operative time and hospital stay were not 
reported per type of reconstruction. Urinary 
leakage was found in three ileal conduit 
patients (21%) and three double-barreled wet 
colostomy patients (10%). After a mean follow-
up of 8.5 months, late urological complications 
including pyelonephritis, fistual formation, 
and stenosis had occurred in five and nine 
patients respectively [53]. A high incidence of 
urinary tract infections in double-barreled wet 
colostomy patients (5/10 patients) was also 
found by Bloemendaal et al. [55].

In case of a short ureter, creation of the dou-
ble-barreled wet colostomy may not be possi-
ble. Macrí modified the technique by 
performing a uretero-ureterostomy and uret-
ero-colic anastomosis  [56]. In summary, the 
double-barreled colostomy for both urinary 
and fecal diversion seems to be associated with 
less morbidity compared to two stomas and 
better QoL. Long-term outcome and formation 
of dysplasia at the ureter–mucosal side needs 
evaluation.

Parastomal Hernia

The incidence of parastomal hernia is esti-
mated at 50% for end colostomy and 30% for 
end ileostomy at 10 years  [57]. Funahashi 
et  al. reported on a Japanese cohort of 80 
patients who underwent abdomino-perineal 
resection or pelvic exenteration [58]. After a 
median follow-up of 31 months, parastomal 
hernias were found in 22 (27.5%) of patients. 
Independent risk factors for the occurrence 
of parastomal hernia were body mass index, 
laparoscopic approach, and transperitoneal 
route of colostomy formation  [58]. Other 
reported risk factors for parastomal hernia 
include female gender, age, and enlarged 
ostomy opening  [59, 60]. Fascia defects 
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smaller than 2.5 cm have been reported to 
lower the risk of developing a parastomal 
hernia [61].

The 2018 European Hernia Society guide-
lines on prevention and treatment of parasto-
mal hernias strongly recommend to avoid 
performing a suture repair for elective paras-
tomal hernia [62]. The use of a prophylactic 
synthetic non-absorbable mesh during con-
struction of an end colostomy is also strongly 
recommended. There is not enough evidence 
to recommend specific surgical techniques 
(open or laparoscopic) or preferable types of 
meshes, although a flat mesh is preferred 
over keyhole meshes in laparoscopic 
repair  [62]. Similar data and recommenda-
tions were published in a meta-analysis on 
this topic with additional trial sequential 
analysis [63].

Future Developments

The double-barreled wet colostomy technique 
has gained popularity in recent years. There 
are no large series comparing outcomes 
between double-barreled wet colostomy and 
continent urinary diversion techniques. 
Randomized studies are lacking and it is pre-
sumed that patient participation will be diffi-
cult when randomizing between one or two 
stomas. Data on long-term outcomes, e.g. 
development of malignancy in the colon reser-
voir and parastomal hernia, are scarce and will 
only be attainable for patient registries.

The use of mesh to prevent parastomal and 
incisional hernia is slowly gaining ground in 
the surgical community. However, there 
remains debate on surgical technique and type 
of mesh utilized. 
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Background

Pelvic exenteration requires multivisceral pel-
vic dissection, with a considerable destructive 
phase to remove locally advanced or recurrent 
pelvic malignancies. Following this phase, 
reconstruction of the urinary system is always 
necessary and bowel reconstruction can be 
considered if the anal canal is spared. One of 
the major complications following exenterative 
surgery is the perineal wound which is often 
large and within an irradiated field. Techniques 
for bowel, urinary, and perineal reconstruction 
are discussed within this chapter.

Bowel Reconstruction

If a supralevator exenteration is possible with 
sparing of the levators and anal canal then a 
restorative bowel procedure is possible. With 
the rectum and other organs fully mobilized it 
is possible to join below the tumor at the ano-
rectal junction. The choice between a hand-
sutured or stapled anastomosis depends on 
surgeon preference. Clinical trials of the vari-
ous techniques have not shown any to be supe-
rior. The double-staple technique has 
the advantage of simplicity, but there is a risk 
of increased anastomotic leak from the ends 

of  the transverse suture lying lateral to the 
anastomosis.

Options

●● Hand-sutured anastomosis: Given the 
evidence that no particular technique is 
superior, a double- or single-layer suture, 
interrupted or continuous, using absorbable 
or non-absorbable material may all be used. 
The choice is usually determined by surgeon 
preference.

●● Single-staple anastomosis: Following removal 
of the specimen, a purse-string suture is 
placed in the distal rectum and the proximal 
colon. Points of technical importance include 
the use of suture, the distance and depth of 
placement of the purse-strings bites, and 
avoiding damage to the internal sphincter on 
inserting the stapler. Good approximation of 
staple head and anvil without incorporating 
other tissues, and gentle extraction ensure a 
well-formed anastomosis.

●● Double-staple anastomosis: The double-sta-
ple technique simplifies stapling, by avoid-
ing the distal purse-string which can be 
difficult to place. Points of particular impor-
tance include the correct application of the 
transverse staples, their incorporation into 
the final anastomosis, and the avoidance of 
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tearing the very short anorectal stump when 
advancing the staple gun.

●● Endoanal coloanal anastomosis: This ena-
bles restoration of intestinal continuity as far 
distally as possible. Not all cases are suitable 
for stapling and occasional technical diffi-
culties can occur. To be able to salvage a 
failed or impossible stapled anastomosis, 
coloanal hand suturing is an indispensable 
option. The colon must be mobilized ade-
quately to descend to the anus. This almost 
always requires ligation of all vessels to the 
left colon, leaving perfusion by the marginal 
artery via the middle colic artery. The anas-
tomosis can be facilitated by a mucosectomy 
of the anal stump to the dentate line. In 
some cases previous colectomy or rectal 
resection may result in inadequate mobility 
of the colon to permit a tension free, well-
vascularized coloanal anastomosis. In these 
cases Deloyer’s reversion can be used. This 
involves rotating the cecum and ascending 
colon to allow the ascending colon to reach 
the anus.

●● Colonic pouch: After ultra-low anterior 
resection with end-to-end anastomosis, or 
after a straight coloanal procedure, bowel 
frequency is unpredictable. Function may be 
improved by construction of a reservoir from 
the terminal part of the colon. This is made 
as a J-construction. The resulting coloanal 
anastomosis will be side to end and can be 
made either by stapling or by hand-sewing.

●● Defunctioning the anastomosis: When the 
intestinal continuity is restored and there is 
an ultra-low or coloanal anastomosis, forma-
tion of a covering ileostomy is necessary. The 
authors prefer to use a split ileostomy which is 
matured upstream of both the coloanal anas-
tomosis and the small bowel anastomosis 
which has been created following ileal con-
duit formation. This can result in an ileostomy 
that is quite high in the ileum and can be quite 
a challenge for the patient to manage. The 
split ileostomy is closed when patients have 
recovered from surgery and completed any 
adjuvant treatments. A water-soluble enema 

and a distal loopogram, from the efferent limb 
of the split ileostomy, should be performed to 
ensure that both the coloanal and small bowel 
anastomoses have healed without persistent 
leak or stricturing.

Urinary Tract Reconstruction

Following exenterative surgery, urinary recon-
struction is often required and the options for 
reconstruction are reviewed in this section. 
Options for reconstruction are influenced by 
the resection required, neoadjuvant treatment, 
patient comorbidities, prognosis, and surgeon 
preference.

Ureteric Reimplantation

If only a pelvic sidewall resection is required, 
and the bladder is not removed but the ureter 
is resected, a ureteric reimplantation may be 
required. If there is enough ureteric length and 
the bladder is mobile enough, a simple reim-
plant can be performed. The bladder is com-
monly mobilized to give extra length to provide 
a tension-free anastomosis, and the ureter is 
tunneled through the bladder to reduce the 
risk of reflux. The ureter is sutured using a dis-
solvable suture to prevent future stone forma-
tion on the suture.

If by simple mobilization of the bladder the 
anastomosis would be under tension, then 
other techniques can be used to reduce the ten-
sion. Once the bladder is mobilized it can be 
sutured onto psoas (psoas hitch) on the side 
reimplantation is required. This holds the 
bladder up to decrease any tension on the 
anastomosis. If this still does not allow for a 
tension-free anastomosis, then a flap can be 
performed to give extra length. A Boari flap 
involves mobilizing the bladder and making an 
oblique incision of the anterior wall. The cra-
nial end is sutured onto psoas and the ureter 
tunneled through the posterior bladder. The 
bladder is then closed in the opposite direction 
to give the extra length required.
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Urinary Diversion, Conduit, and Uretostomy

If the bladder cannot be spared, then ureteric 
implantation into the bowel/neobladder is 
required. Reconstructing a neobladder in the 
pelvis and anastomosis to the urethra follow-
ing pelvic exenteration is not advised. These 
patients have commonly had pelvic radiother-
apy; therefore their wound healing is compro-
mised, and they may have had significant 
intraoperative blood loss through a long surgi-
cal procedure. Common urinary diversions 
would include an ileal conduit, colonic con-
duit, and wet colostomy. If ureteric anastomo-
sis is not advisable into a conduit, then the 
ureters can be brought to the skin as a uretos-
tomy, but this is only performed in exceptional 
circumstances. A Mitrofanoff continent con-
duit can also be considered, but this does add 
extra time to the operation and has the risk of 
increased complications as there are more 
anastomoses [1].

For a urinary conduit, the large or small 
bowel can be used, and commonly an ileal con-
duit is made on the patient’s right side. If there 
is excess colon, a colonic conduit may be 
formed, with a bowel stoma on the opposite 
side. A wet colostomy can be double-barreled 
with the ureters inserted into the distal limb of 
the stoma, so the bowel contents only mix with 
the urine in the stoma bag.

The ureters can also be implanted into the 
colon as an end colostomy. In this case, urine 
and stool mix in the colon before exiting into 
the stoma bag. The main problems with a wet 
colostomy are the smell as the mixed urine and 
stool are much more offensive when mixed 
together. The double-barreled wet colostomy 
tries to avoid this as the contents only come 
together in the bag and this has been found to 
be an acceptable alternative to a conduit [2].

For a continent conduit, a neobladder is 
made using the cecum and small bowel, much 
like forming a J- or W-pouch to allow enough 
volume to store urine. The joins are usually 
hand-sewn to prevent stone formation on 
metal staples. Once the pouch is formed, if the 

appendix is still in situ it can be tunneled up to 
the skin and opened to allow entry into the 
neopouch. This can be catheterized to allow 
emptying of the pouch when required. If the 
appendix is not available, the ileum can be 
fashioned into a small appendix-sized tube 
and tunneled up to the skin surface. The ure-
ters are then sutured into the neobladder. 
Implantation of the ureters into the conduit or 
stoma can be performed individually with 
them entering the conduit at separate sites. 
The alternative is to anastomose the ureters 
together first and have one single anastomosis 
with the conduit.

Urological reconstruction following pelvic 
exenteration is associated with significant 
complications. Complications occur in 59% [3] 
of patients following pelvic exenteration, and 
this is higher for those patients having recur-
rent surgery. Urinary leak occurs in 16%, with 
nearly half occurring within the first month. 
An R2 resection, more complex surgery, and 
cardiovascular comorbidities are associated 
with increased leak risk. If a leak occurs there 
was understandably a longer length of stay [4]. 
(See Chapter 16 for more details)

Reconstruction of Perineum

The perineal defect following resection of an 
advanced or recurrent pelvic malignancy can be 
considerable, with loss of not only soft tissue 
but also bony structures. The vast majority of 
patients will have received chemoradiotherapy 
treatment before surgery, and therefore getting 
the perineal wound to heal is a great challenge 
for the surgeon, and remains one of the major 
causes of postoperative morbidity in both the 
short and long term (Figure 17.1). Primary clo-
sure of the defect is often not possible, and there 
is evidence that a flap reduces perineal wound 
complications. The principles of the flap are to 
provide adequate coverage with healthy tissue 
that has good potential healing of both donor 
and recipient sites and which avoids long-term 
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problems, including delayed wound healing, 
perineal sinuses, and/or herniation  [5]. The 
options for reconstruction vary depending on 
the size of the defect – with smaller defects fol-
lowing extralevator excision of the rectum suit-
able for either mesh or a local/pedicle flap, and 
larger defects following sacrectomy or penec-
tomy potentially requiring multiple flaps.

Omentum

The omentum can be mobilized to fill dead 
space in the pelvis. It is, however, very variable 
in its size and length and in the authors’ opin-
ion cannot be relied upon for perineal recon-
struction. It has been reported to reduce overall 
major abdominal complications when com-
pared with patients who do not have the omen-
tum transposed to the pelvis [6].

Mesh

The use of biological mesh for perineal recon-
struction is a simple method of perineal defect 
closure. It is quicker than flap reconstruction 
and can be performed by the colorectal sur-
geon rather than requiring plastic surgery 
involvement. While it can provide support to 
prevent perineal herniation, it does not fill the 
dead space in an empty pelvis. It is sufficient 
for smaller perineal wounds such as extraleva-

tor abdomino-perineal excision (APE) but not 
for larger defects [7].

Pedicle Flaps

There are three pedicle flaps which have mainly 
been used for perineal reconstruction: rectus 
abdominis, gracilis, and anterior thigh flaps.

The rectus abdominis flap has been the most 
commonly used over the years. The muscle is 
disconnected superiorly and mobilized off the 
posterior rectus sheath to run on the inferior 
epigastric vessels. The overlying skin and fat 
are included on the flap and these can be taken 
vertically (vertical rectus abdominal muscle 
(VRAM)) or obliquely (ORAM)  [8, 9]. The 
pedicle flap is then taken down to the pelvis 
and inserted to fill the perineal defect. This flap 
provides excellent coverage of the perineal 
defect following extralevator APE and can also 
facilitate posterior vaginal wall reconstruc-
tion  [10] (Figure  17.2). However, VRAM flap 
has a failure rate of up to 12.5%, due to flap 
necrosis from compromised blood supply. The 
donor site of the anterior abdominal wall may 
require a mesh reconstruction, and despite this 
many patients will have significant abdominal 
wall weakness. If both a urostomy and a colos-
tomy are being formed, then one of the osto-
mies will come through the donor site, with 
the added risk of parastomal herniation. 
Technical modification to improve VRAM out-
comes have been studied; the fascia-sparing 
VRAM flap, component separation of donor-
site closure, mesh reconstruction, and omental 
flap with VRAM have all be reported with vary-
ing success [11].

Gracilis flaps can be raised and these run off 
perforator vessels from the deep femoral 
artery. The flap can be passed across the inner 
groin crease to be inserted into the perineal 
defect. A unilateral gracilis flap can fill most 
perineal defects. Neovaginal reconstruction is 
possible if bilateral flaps are raised where total 
vaginectomy has been performed. If double 
ostomies have been raised, then use of the 
gracilis allows both stomas to pass through 

Figure 17.1  Dehiscence of an irradiated perineal 
wound. Source: Dimitrios Patsouras, Alexis Schizas, 
and Mark George.
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Figure 17.2  (a,b) Vertical rectus muscle flap raised and running on the inferior epigastric artery. with mesh 
reconstruction of the abdominal wall donor site. (c,d) VRAM with posterior vaginal wall reconstructed 
following APE with posterior vaginectomy. Source: Dimitrios Patsouras, Alexis Schizas, and Mark George.



Reconstructive Techniques Following Pelvic Exenteration154

intact rectus muscle with the benefit of fewer 
parastomal hernias. Both donor and recipient 
site complications are similar to VRAM 
flaps [12, 13] (Figure 17.3).

The anterolateral thigh flap runs off perfora-
tors from the descending branch of the lateral 
femoral circumflex artery and is very versatile, 
with low donor site morbidity. In the authors’ 
experience it is the flap of choice for suprapu-
bic defects and is often used with other flaps 
such as inferior gluteal perforator (IGAP) flaps 
to give tissue coverage following extensive per-
ineal tissue loss following exenteration with 
penectomy [14] (Figure 17.4).

Fasciocutaneous Flaps

With an increasing number of laparoscopic 
APE operations being performed, the VRAM 

flap is not the ideal choice as this flap involves 
a large abdominal incision. The use of local 
perforator flaps to reconstruct the perineum 
provides a possible solution to allow a laparo-
scopic approach from above with a perineal 
excision and subsequent local reconstruction. 
The IGAP is commonly used. The flap is raised 
off the gluteal muscle and can be moved medi-
ally into the pelvis. This flap can be unilateral 
for smaller defects or bilateral for larger 
defects [15] (Figure 17.5). A neovagina recon-
struction is also possible, although the authors 
have seen a number of perineal hernia follow-
ing this type of reconstruction and therefore do 
recommend using a mesh as well as the IGAP 
flap to try to reduce this. Overall, the flap is 
very robust, with some series reporting no flap 
necrosis. However, patients do find it uncom-
fortable to sit for prolonged periods of time 

(a)

(b)

(c)

(d)

Figure 17.3  (a,b) Myocutaneous gracilis flap raised with its perforator blood supply. (c,d) Bilateral gracilis 
flaps with neovaginal reconstruction. Source: Dimitrios Patsouras, Alexis Schizas, and Mark George.
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Figure 17.4  Bilateral inferior gluteal artery perforator flaps. Area to be de-epithelialized is marked, then 
the de-epithelization with this flap is moved into the pelvic cavity, giving the final result.

Figure 17.5  Recurrent anal SCC with urethro-perineal fistulation. Pelvic exenteration with penectomy. 
Reconstruction performed with anterolateral thigh flap and IGAPs. Source: Dimitrios Patsouras, Alexis 
Schizas, and Mark George.
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after surgery for many months especially when 
bilateral flaps have been used.

Myocutaneous Flaps and Free Flaps

Gluteus maximus flaps have been used 
following ELAPE with varying success. 
However, whilst the majority of perineal 
wounds are healed at one year, 41.5% of 

patients suffered perineal wound complica-
tions  [16]. Alternatively, free flaps have been 
reported when other options are not feasible. 
Latissimus dorsi has been used with good suc-
cess but has only been reported in limited 
series  [17]. The one major downside of free 
flaps is the considerable additional time added 
to an already long operation. Therefore patient 
selection is key. 
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Background

Pelvic exenteration is associated with major 
psychological, psychosexual, physiological, and 
functional implications for patients. A multidis-
ciplinary team approach is important to guide 
patient selection and management, and surgery 
should be performed at specialist centers that 
have the resources to provide the complex care 
required. Many surgical techniques are used in 
exenteration surgery, requiring the expertise of a 
range of specialists including colorectal surgery, 
urology, gynecological oncology, reconstructive 
plastic surgery, interventional radiology, orthope-
dics, and vascular surgery, all supported by highly 
specialized perioperative and nursing care teams 
to minimize the impact of the surgical insult and 
potential morbidity for the patient. Careful plan-
ning is vital at each stage of the patient’s manage-
ment in order to minimize risk. This chapter 
outlines key risk reduction considerations in 
intra- and postoperative phases of care.

­Knowing the Risks

Advances in modern surgical practice have wid-
ened the indications for pelvic exenteration, with 
recent case series quoting acceptable in-hospital 

mortality (1–3%) comparable to major colorectal 
resection. This contrasts with persistently high 
rates of morbidity (34–80%) [1–4]. Morbidity and 
mortality increase with more radical procedures, 
such as en-bloc sacral resection [5].

Although potentially morbid, pelvic exenter-
ation is often the only curative option available 
to patients with locally advanced or recurrent 
pelvic malignancy. Surgical-related morbidity 
needs to be weighed against the considerable 
risk of morbidity caused by the cancer itself. 
Patients may experience intractable pain from 
invasion of adjacent nerves, muscles, or bone 
or symptomatic invasion or obstruction of the 
urological or gastrointestinal systems, sexual 
dysfunction, and functional consequences of 
neoadjuvant treatments.

Postoperative quality of life (QoL) is a funda-
mental outcome measure in this patient group. 
Baseline QoL is the strongest predictor of post-
operative QoL [6]. Factors associated with 
reduced postoperative QoL include female sex, 
total pelvic exenteration, and positive surgical 
resection margins [6, 7]. When compared to 
non-operative patients, QoL has been shown to 
improve rapidly in the early postoperative 
period, and at nine months patient-reported 
postoperative outcomes are comparable with 
those who do not have surgery, after which there 
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is a decline in QoL and patient-reported out-
comes for patients who do not have surgery [8].

Units performing exenteration surgery should 
monitor their clinical outcomes and ideally 
QoL outcomes to facilitate quality improve-
ment initiatives and the identification of 
adverse outcomes, with learning and feedback 
to all team members. Most outcome data in the 
literature are from single-center series; how-
ever, a more recent international collaboration 
has reported on the outcomes for a large multi-
center patient cohort [9]. This has been useful 
to identify the factors associated with improved 
outcomes, with data confirming the impor-
tance of a clear resection margin on disease-
free and overall survival.

­Intraoperative Management

General Considerations

Surgical Safety Checklist
Given the broad range and large number of 
intraoperative considerations, it may be benefi-
cial to use a perioperative checklist (Table 18.1) 
to ensure all points are addressed adequately.

Anesthesia
Anesthesia for pelvic exenteration begins with 
thorough preoperative assessment, including 
explanation of the risks associated with gen-
eral anesthesia and the insertion of invasive 
arterial and central venous lines, as well as 
describing the options available for postopera-
tive pain relief. Although epidural analgesia 
often proves effective in this patient cohort, 
the  likelihood of providing adequate sensory 
blockade across all potential wound sites 
should be balanced alongside the standard 
risks associated with this technique.

Intravenous induction is followed by mainte-
nance with a volatile anesthetic agent in oxy-
gen/air plus infusions of remifentanil and 
muscle relaxant. Both depth of anesthesia and 
degree of neuromuscular blockade should be 
monitored intraoperatively. A standard cuffed 

endotracheal tube is adequate in cases that 
do  not require prone positioning (where an 
armored tube becomes necessary). Lung-
protective ventilation strategies have proven 
beneficial in patients undergoing major surgery 
and are recommended. Insertion of a naso-
pharyngeal temperature probe allows continu-
ous temperature monitoring, and an under-body 
warming mattress and tube-shaped forced air 
warmer prevent hypothermia. Blood glucose 
should be checked regularly and maintained 
between 6 and 10 mmol/l.

Intraoperative gastric drainage and large-
bore intravenous access are mandatory. 
Primed equipment for rapid transfusion, e.g. 
the Belmont Rapid Infuser, should be set up at 
the outset. Central venous and intra-arterial 
blood pressures are monitored continuously. 
Dynamic indices of fluid responsiveness may 
also be useful in guiding fluid replacement. 
Near-patient blood gas analysis and throm-
boelastography facilitate rapid assessment of 
biochemical and hematological parameters.

Venous Thromboembolism Prophylaxis
Sequential calf compression devices are 
applied, although opinion is divided on addi-
tional use of thromboembolic prophylactic 
stockings. As hemorrhage and attendant coag-
ulopathy may result in deferred administration 
of chemical venous thromboembolic (VTE) 
prophylaxis with low molecular weight hepa-
rin beyond the recommended 12 hours of sur-
gery, calf compression is particularly important 
in this patient group. Recent deep venous 
thrombosis should also raise the possibility of 
needing preoperative inferior vena cava (IVC) 
filter placement.

Patient Positioning
Patients are positioned in the Lloyd-Davies 
position, with attention to padding of pres-
sure areas and the patient’s eyes. The gel mat 
may be folded on itself to elevate the pelvis if 
posterior access or sacrectomy is required. 
Minimizing lumbar lordosis with anterior 



Table 18.1  Surgical checklist for pelvic exenteration.

Pelvic exenteration Day-of-surgery checklist

Discussion at team brief
Confirmation:

●● Consent form signed
●● Stoma siting completed
●● Availability of high-dependency bed
●● Allergies

Operative plan:
●● Outline and timing of key stages
●● Anticipated position changes
●● Teams involved
●● Optimization strategy and breaks

Patient safety:
●● Calf compression devices
●● Venous thromboembolism prophylaxis
●● Antibiotic and antifungal prophylaxis
●● Administration of tranexamic acid
●● Pressure area protection
●● Patient warming equipment

Discuss transfusion planning:
●● Valid group and hold
●● Blood cross-matched
●● Potential for massive transfusion protocol
●● Rapid infusion equipment available
●● Coagulation monitoring (thromboelastography)

Well legs planning:
●● Matching leg stirrups to size of patient
●● Timing restrictions for lower limb elevation
●● Timetable for knee flexion
●● Mean arterial pressure during limb elevation

Anesthetic plan:
●● Intubation requirements
●● Lines and access
●● Postoperative analgesia
●● Special concerns

Surgical equipment:
●● Instrument sets
●● Energy devices
●● Specialty team requirements
●● Disposables
●● Sutures
●● Hemostatic agents
●● Stoma appliances

Imaging:
●● Imaging available
●● Imaging review prior to surgery

Confirmation prior to skin incision
Prophylaxis:

●● Antibiotics +/− antifungals administered
●● Calf compression
●● Tranexamic acid administered
●● Rectal washout

Monitoring:
●● Anesthetic monitoring
●● Adequate intravenous access
●● Blood glucose monitoring
●● Gastric drainage
●● Urinary catheterization

Positioning:
●● Eye protection
●● Upper limbs padded in neutral position
●● Hand protection
●● Legs comfortable at hips and knees
●● Warming equipment

Equipment check:
●● Rapid infusers
●● Energy devices
●● Suction
●● Surgical requirements

On completion of procedure
Safety checks:

●● Skin integrity
●● Lower limb perfusion
●● Check for compartment syndrome

Surgical sign out:
●● Swab and instrument counts correct
●● Pathology specimen labels and requests

Communication:
●● Update next of kin

Handover of postoperative care plan:
●● Postoperative pain relief
●● Anesthetic concerns
●● Antibiotic prophylaxis
●● Venous thromboembolism prophylaxis
●● Patient positioning and mobilization plans
●● Drain and wound management
●● Stent flushes
●● Flap observations
●● Nutritional intake
●● Physiotherapy
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pelvic tilt also aids in ensuring adequate expo-
sure of the perineum (Figure 18.1).

Intermittent pneumatic calf compression is 
applied, with feet positioned so the heel fits 
well into the heel of the stirrup, ensuring no 
pressure is placed on the calf or the region of 
the peroneal nerve, as this may lead to neuro-
praxia and/or compartment syndrome. Lower 
limbs should be rechecked during the opera-
tion to ensure they have not moved out of the 
stirrups, that there is no pressure, that knees 
remain flexed, and that calves are soft. 
Prolonged hip flexion can cause neuropraxia, 
particularly of the peroneal or obturator nerve, 
so the legs should be moved and lowered inter-
mittently during the operation. Times for leg 
repositioning should be monitored, regulated 
to avoid overlong periods of potential poor per-
fusion, and recorded [10]. Maintaining lower 
limb perfusion with adequate mean arterial 
pressure during periods of elevation is also 
essential to avoid compartment syndrome.

Perioperative Surgical Site Infection Bundle
Prophylactic antibiotics are administered at 
induction and at appropriate time intervals 
throughout the procedure. Consideration to 
timing and antibiotic pharmacokinetics is 
important, with repeated doses provided to 
ensure adequate levels of circulating antibiotic 
prophylaxis. An antifungal should be adminis-

tered if the vagina is opened during pelvic 
exenteration surgery.

Abdominal skin is prepared prior to skin 
incision using an aqueous or alcohol-based 
preparation. Pooling of alcohol-based prepara-
tion should be avoided and the solution should 
be allowed to dry by evaporation. The abdomi-
nal wound may be protected by using packs or 
retraction systems such as the Alexis wound 
protector. The OmniTract is an alternative 
which provides adjustable fixed retraction. 
When retraction is not required, pressure on 
the wound should be released to avoid tissue 
trauma and ischemia. The perineal region 
should be prepared using an aqueous prepara-
tion solution as it is difficult to avoid pooling in 
this area. The anus may be sutured closed to 
minimize contamination during dissection. It 
is useful to staple the drapes to the perineal 
region to keep them in place, ensuring all sta-
ples are removed on completion.

Urinary Catheters
A large-caliber urinary catheter with thermal 
probe is inserted using aseptic technique for 
metered urine collection. Selective preoperative 
retrograde ureteric stent placement may facili-
tate ureteric protection where the ureters are at 
particular risk of injury due to bulky tumors, 
reoperative surgery, and previous radiotherapy.

Team Communication
Clear, concise, and continuous communication 
between surgical and anesthetic teams is essen-
tial for safe exenterative surgery. An interactive 
working environment ensures that the patient 
remains in optimal physiological condition 
throughout, with planned breaks in surgery to 
ensure attention to optimization of patient 
position, ventilation, metabolic status, and clot-
ting disturbances. The operative plan should be 
constantly reassessed and discussed.

Surgical Considerations

Pelvic cancer surgery requires indepth knowl-
edge of complex pelvic anatomy in order to pre-
vent complications. Distortion of normal 
anatomy may occur in the irradiated pelvis or in 

Figure 18.1  Preoperative perineum setup, with 
skin marking to indicate intended resection margins. 
Source: Meara Dean, Alex Colquhoun, Peter 
Featherstone, Nicola S. Fearnhead, and R. Justin 
Davies.
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cases of previous surgery or recurrent cancer. A 
wise approach is to circumnavigate areas of dif-
ficulty and constantly re-evaluate progress.

The aim is to perform en-bloc removal to 
achieve a clear resection margin (R0) whilst 
minimizing complications. Clear resection 
margins are the most important predictor of 
long-term survival [11], and uninvolved struc-
tures, e.g. the bladder, prostate, or sacrum, may 
need to be resected en bloc with the specimen 
either to ensure an adequate margin or to allow 
a good functional outcome. An individualized 
approach is necessary depending on the loca-
tion of the tumor and involved organs, with a 
clear preoperative plan.

Pelvic exenteration is most commonly per-
formed via an open approach for most cases; 
however, laparoscopic, robotic, and trans-anal 
approaches have also been described in highly 
selected patients [12]. Surgical techniques 
such as pelvic sidewall resection, en-bloc 
sacrectomy, and pubic bone resection may be 
required to achieve clear margins and have 
been associated with improved survival [13].

Major Hemorrhage
Major hemorrhage is extensively covered in 
Chapter 19. However, with an increased trend 
to perform more radical resections, with result-
ant longer operative times and greater intraop-
erative blood loss, good preoperative planning 
can minimize the risk of substantial blood loss.

Preoperative Considerations

Preoperatively the surgeon should consider 
the patient and disease factors that result in 
precipitating blood loss. Radiological clues to 
suggest vessel involvement include cicatriza-
tion of the vessels and vascular invasion. The 
surgeon should discuss the likelihood and 
management of intraoperative blood adminis-
tration with the perioperative team during 
briefing. Blood products should be adminis-
tered as necessary within a restrictive targeted 
transfusion policy with permissive anemia in 
the stable patient.

Prophylactic tranexamic acid should be 
administered to patients preoperatively if 

blood loss is expected to exceed moderate 
blood loss (> 500 ml). The use of tranexamic 
acid in this setting has been associated with 
reduction in mortality in meta-analysis [14]. It 
has a good safety profile, is low cost, and is easy 
to administer.

Massive transfusion protocol should be fol-
lowed in the event of major hemorrhage. Staff 
should have identified supportive roles in com-
municating with hematology and the blood 
bank, transporting blood products, and con-
ducting urgent blood tests. Near-patient throm-
boelastography testing provides “real-time” 
data to guide blood component replacement.

Intraoperative Considerations

Bleeding may arise from named major vessels, 
presacral veins, perforating veins, and divided 
muscles. Major arteries may be pre-emptively 
isolated and controlled with vascular slings as 
required (Figure  18.2). Managing intraopera-
tive major hemorrhage requires a  team 
approach. Immediate control with direct pres-
sure using a finger, pledget, or targeted pack-
ing should occur while simultaneously 
advising the anesthetic and scrub team of the 
situation and the need for any additional 
equipment, blood products, or staff such as 
additional surgical expertise. Additional equip-
ment may include vascular instruments or 
sutures, extra suction devices, retractors to 
maximize exposure, and extra lighting [15].

Definitive control of pelvic bleeding 
depends on the type of injury. Injury to a com-
mon iliac or internal iliac artery or vein is 
obvious and massive. After immediate pack-
ing and optimization of exposure, the packing 
is slowly removed to determine the site and 
nature of the injury. If arterial bleeding is 
identified, the vessel should be mobilized 
above and below, and the vessel looped or 
clamped. The injury is then repaired using a 
fine vascular suture or the vessel ligated if 
required. Venous bleeding is controlled with 
proximal and distal pressure control and the 
defect repaired with non-absorbable monofil-
ament suture. The internal iliac or its tributaries 
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can be ligated to control major hemorrhage. 
Superficial venous bleeding can be controlled 
using electrocautery or argon beam coagulation 
(APC). APC can also be safely used over the 
IVC and iliac veins.

Presacral or periosteal bleeding may require a 
range of techniques to obtain control. Interval 
packing with swabs or direct pressure can be 
particularly useful while the presacral plane is 
developed further to allow access [16, 17]. 
Descriptions of surgical techniques to control 
bleeding or use of hemostatic agents are 
described elsewhere (Chapter 18).

However, major hemorrhage during pelvic 
dissection can rapidly lead to a life-threatening 
situation. If a patient is hemodynamically 
unstable, leaving pelvic packing in place 
for 24–48 hours is likely to be the most appropri-
ate management to reduced morbidity and 
ensure  oncological integrity of the procedure. 
Separation of abdominal and pelvic compart-
ments with plastic wound retrieval bags and 
catheterization of ureters with feeding tubes 

may be considered in this situation. Pelvic 
packing allows correction and restoration of 
blood volume, coagulopathy, metabolic status, 
and temperature. On return to theater, packs are 
removed and hemostasis ensured, with appro-
priate adjuncts as necessary.

There are occasional circumstances where the 
exenterative surgeon needs to be aware that pel-
vic packing may not adequately control hemor-
rhage. This situation only occurs with venous 
bleeding arising at or outside the pelvic brim, 
where damage-control procedures may be nec-
essary, such as ligation of the IVC or femoral 
cutdown.

Urological Surgical Considerations
Once ureters are transected, pediatric feeding 
tubes may be inserted to drain the ureters 
(Figure 18.3) to prevent obstructive nephropathy 
and resultant electrolyte imbalance. If only a 
short period of time is likely prior to recon-
struction, then the ureters may simply be 
clipped. If tumor is involving the uroepithe-
lium, avoiding urine spillage in the surgical 
field is essential.

En-bloc cystectomy usually requires anterior 
dissection along the retropubic space of Retzius 
along the periosteum of the pubic bone. In 
patients who require a more radical excision of 
the anterior pelvic soft tissue, an alternative 
technique can be used that allows excision of 

Figure 18.2  Exposure of the aortic bifurcation 
and common iliac confluence. Source: Meara Dean, 
Alex Colquhoun, Peter Featherstone, Nicola S. 
Fearnhead, and R. Justin Davies.

Figure 18.3  Transected ureters drained by 
pediatric feeding tubes. Source: Meara Dean, Alex 
Colquhoun, Peter Featherstone, Nicola S. 
Fearnhead, and R. Justin Davies.
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the urogenital diaphragm, membranous ure-
thra, and base of the penile urethra [18]. If 
there is concern regarding direct tumor infil-
tration or abutting of the public symphysis or 
inferior public rami, en-bloc pubic bone resec-
tion may be performed [19].

Managing the Empty Pelvis
After en-bloc resection of the pelvic organs 
the  empty pelvic cavity may potentially fill 
with  small intestine (Figure  18.4), leading to 
potential complications including small bowel 
obstruction and perineal herniation. If local 
recurrence occurs in this area, the small bowel 
may become involved, resulting in enterocuta-
neous fistula.

Options to fill the pelvic cavity include an 
omental pedicled flap, cecal mobilization, 
myocutaneous reconstructive flaps, biological 
mesh to separate the true pelvis from the 
abdominal cavity, and skin expanders and 
implants more commonly used in mammary 
reconstruction [20–23]. These techniques aim 
to displace the small intestine above the sacral 
promontory, and so allow early targeted 
postoperative re-irradiation where preopera-
tive risk of enteritis was deemed unacceptably 
high due to interposed small bowel in the radi-
ation field. Keeping small bowel loops out of 

the pelvis and away from the perineal bed 
reduces the risk of formation of obstruction, 
radiation injury, and enteroperineal fistulas. 
Small case series have shown that the use of 
mammary implants is well tolerated and can 
reduce rates of readmission due to early and 
late complications [24]. Tissue expanders have 
also been used to treat perineal hernias post 
exenteration [25].

Stoma Formation
Preoperative stoma marking is the first step to 
avoid a dysfunctional stoma, as a poorly placed 
stoma is more prone to hernia, prolapse, leak-
ing, skin excoriation, sepsis, and difficulties 
with device placement. The ideal position is 
within the rectus abdominis muscle, in an area 
of flat skin, at a height that is visible and acces-
sible to the patient. The position is marked 
with the patient supine, and then checked 
with  the patient sitting and standing. This is 
particularly important in obese patients. 
Attention should be paid to the siting of the 
stoma in relation to drains and potential skin 
flaps. Multiple stomas require particularly 
careful siting.

Although often the last stage of a long opera-
tion, attention should be focused on perform-
ing technically well-constructed stoma(s). The 
skin edges and fascia should be grasped to align 
the skin with the abdominal wall. A stoma 
aperture should be created that matches the 
size of the bowel with its mesentery. The aper-
ture should not be too tight, which can lead to 
postoperative bowel obstruction or stoma 
ischemia, or too loose which can lead to pro-
lapse or herniation. Care should be taken not to 
injure the inferior epigastric vessels, as this 
potentially increases risk of subsequent paras-
tomal herniation. The undersurface of the 
defect should be inspected for bleeding. If prac-
ticable, omental graft should be passed lateral 
to a left-sided colostomy to obliterate the lateral 
space. The bowel should be delivered in a 
tension-free manner to minimize the complica-
tion of stoma retraction and allow adequate 

Figure 18.4  The empty pelvis following total 
exenteration with partial sacrectomy and sidewall 
dissection. Source: Meara Dean, Alex Colquhoun, 
Peter Featherstone, Nicola S. Fearnhead, and R. 
Justin Davies.
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mucocutaneous apposition. A clear appliance 
should be applied to allow postoperative assess-
ment of perfusion.

­Postoperative Management

Critical Care

Exenterative surgery usually involves long oper-
ating times and the potential for major blood loss 
and physiological compromise. Postoperatively, 
patients should be managed in an Intensive Care 
or Higher Dependency Care setting. Epidural 
use is common in this setting, with plain epi-
dural often being supplemented with opiate-
based patient-controlled analgesia (PCA).

Venous Thromboembolic 
Prophylaxis

Sequential calf compression devices or com-
pression stockings are continued along with 
chemical VTE prophylaxis, ideally starting 
within 12 hours of surgery. Extended thrombo-
embolic prophylaxis for 28 days is advised due 
to the high rate of VTE in this patient cohort 
[26]. In some cases, the risk of hemorrhage will 
need to be balanced against the risk of VTE.

Enhanced Recovery after Surgery

Enhanced recovery after surgery (ERAS) pro-
grams have been validated in the elective colo-
rectal setting [27], with benefits of reduced 
length of hospital stay, perioperative morbidity 
and mortality, and healthcare costs [28], and 
improved patient satisfaction [29]. These ben-
efits have been described in both open and 
laparoscopic colorectal surgery [30]. ERAS 
protocols were based on established practice 
guidelines and evidence-based literature. 
Varied interventions are usually provided in a 
“bundle,” commencing in the weeks before 
elective surgery, and continuing intraopera-
tively and in the postoperative period [31].

Aspects of ERAS programs that are particu-
larly important for patients undergoing exen-
teration are postoperative physiotherapy and 
pain management. Physiotherapy is required 
from the first postoperative day to assist 
with chest physiotherapy, patient positioning, 
and mobilization at the earliest opportunity. 
Multimodal pain management is the pre-
ferred approach, with the use of regional, 
antineuropathic agents and opiate-sparing 
techniques [32].

­Postoperative Complications

Early Complications

Early diagnosis and management of postopera-
tive complications is important to minimize 
morbidity and improve patient outcomes. Acute 
postoperative complications are mostly related 
to the enormity of the physiological insult, and 
include cardiovascular compromise, metabolic 
derangement, coagulopathy, and renal impair-
ment due to third space losses. Major postoper-
ative complications are common and will 
inevitably prolong hospitalization [33]. Given 
the individualization of surgical procedure, the 
surgical team needs to communicate specific 
anticipated risks with the critical care team.

Cardiopulmonary complications
These patients are at high risk of cardiac 
events, pulmonary embolism, and adult res-
piratory distress syndrome (ARDS). Clinicians 
should monitor symptoms and have a low 
threshold to investigate with relevant blood 
tests and imaging.

Postoperative Bleeding
Hemoglobin should be monitored postopera-
tively. If there was major blood loss intra
operatively, the hematology team should be 
consulted and additional blood tests performed 
including platelet count, clotting profile, and 
calcium.



Minimizing Morbidity from Pelvic Exenteration166

Surgical Site Infection
Wound infection is a common surgical compli-
cation, as most patients have cancer and have 
had radiotherapy to the operative field. Wounds 
should be frequently inspected and considera-
tion given to vacuum-assisted closure dressings 
over wounds. Some groups have adopted the 
policy of five days of prophylactic intravenous 
antibiotics following surgery [34]. Deep pelvic 
collection within the empty pelvis is common. 
It is best diagnosed with postoperative cross-
sectional imaging and managed with radiologi-
cally guided percutaneous drainage.

Flap Complications
Early complications of the myocutaneous flaps 
include necrosis, hematoma/seroma, and 
dehiscence. Attention to patient positioning is 
vital to preventing flap complications, with 
attention to offloading pressure on the flap and 
closing flaps over drains.

Prolonged ileus
Due to long operating times patients are at 
high risk of developing postoperative ileus. It 
is reasonable to consider early total parenteral 
nutrition (TPN) until diet is established.

Renal impairment
Renal function should be monitored postoper-
atively. Nephrotoxic medication should be 
withheld in the early postoperative period.

Urinary Leak
Ureteric stents placed via an ileal conduit will 
require regular flushes to ensure patency. 
Drains are left in the empty pelvis. The drain 
fluid creatinine should be checked postopera-
tively and the anastomosis assessed with sten-
togram prior to stent removal.

Stoma
Stoma(s) should be inspected postoperatively to 
ensure viability. The stoma often appears edem-
atous and protruding in the initial days postop-
eratively. If stoma retraction occurs, early use of 
a convex pouching system may be beneficial.

Long-Term Complications

Minimization of long-term functional morbid-
ity requires ongoing input from both surgeons 
and specialist nurses to proactively identify 
and address functional deficits during follow-
up. Surveillance for recurrent cancer is dis-
cussed elsewhere; however, it is important to 
consider, as patients may present with non-
specific symptoms initially.

Chronic Pain
Postoperatively patients have high levels of 
chronic pain, with rates of 70% quoted in the 
literature three years after exenteration [35]. 
Minimizing chronic postoperative pain starts 
with adequate management of perioperative 
pain.

Bowel Obstruction
Where possible, postexenteration bowel 
obstruction should be managed conserva-
tively. Reoperation after exenteration is 
extremely difficult and will often lead to fur-
ther morbidity.

Urological
Potential long-term urological complications 
include recurrent urinary tract infections, par-
astomal hernia, hydronephrosis, and uretero-
ileal stricture. Renal function will require 
long-term surveillance with annual investiga-
tions following ureteric diversion.

Sexual Function
Sexual dysfunction is a significant problem 
postoperatively, with difficulty in achieving 
orgasm and issues with body image common 
in both sexes [36]. Assessing sexual function 
may require targeted questioning to identify 
potentially remediable problems that the 
patient may not volunteer. Patients with sexual 
dysfunction should be referred for specialist 
assessment and treatment. Assessment should 
be performed using validated tools such as the 
International Index of Erectile Function (IIEF) 
and the Female Sexual Function Index (FISI).
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In men, sexual dysfunction usually con-
sists  of erectile dysfunction and retrograde 
ejaculation. In females, problems with vaginal 
lubrication, dyspareunia, and lack of arousal 
are more common. Premenopausal women 
should be counseled as to the effects of induc-
ing menopause. Risk factors for the develop-
ment of sexual dysfunction include nerve 
damage, significant blood loss, preoperative 
radiotherapy, anastomotic leak, and the pres-
ence of a stoma [37].

For patients requiring exenteration with 
removal of the female reproductive organs, vag-
inal reconstruction with plastic surgery is a pos-
sible option. Preoperative counseling with the 
patient and their partner in respect to options 
for sexual function is important. The most 
common method for reconstruction is with 
myocutaneous skin flaps, such as gracilis or 
rectus abdominis. An alternative method uses a 
colonic conduit. A realistic explanation of the 
functional outcomes of the neovagina is a vital 
part of patient counseling before surgery.

Incisional, Perineal, and Parastomal Hernia
Patients should be educated regarding the risk 
of developing incisional and parastomal her-
nias. The stoma and abdominal and perineal 
wounds should be examined during postopera-
tive visits. If symptomatic and adversely affect-
ing QoL, patients should be referred for 
surgical repair.

Mental Health
Pelvic exenteration surgery requires a pro-
longed recovery time. Patients must cope with 
postoperative pain and fatigue, and uncertainty 
regarding their oncological outcome. They also 
need to adjust to an altered body imagine, with 
postoperative low body image commonly 
reported [38]. This is an understudied area; 
however, a recent study has shown that 44% of 
patients report some level of depression 
three years on from exenteration surgery [39]. 
Local practice involves psychological support 
via the liaison psychiatry counseling service. 
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Background

Tumor resection of advanced pelvic and recur­
rence pelvic cancers is highly challenging, 
because the resections often are performed out­
side the standard surgical resections planes, and 
therefore are associated with considerable mor­
bidity and mortality. Primary advanced tumors 
are typically adherent to or invading adjacent 
organs or fascia within the pelvis, while recur­
rent tumors occur outside normal anatomical 
planes due to prior cancer resection.

To obtain clear margins, extended multivis­
ceral resections are required [1]. Both the patient 
and the surgeon must accept an increased risk of 
complications such as hemorrhage, unintended 
organ injury, neuropraxia, and issues like 
abdominal compartment syndrome [2].

Prior to Surgery

Preoperative evaluation and education of patients 
is the most important aspect in preparing patients 
for the treatment of advanced cancers. When 
planning the operative strategy, risk evaluation 
should be taken into account, as the complication 
risk is much higher in extensive surgical resec­
tions and should be balanced against the possible 
survival gain [3, 4]. Knowledge of tumor anatomy 
is vital to tailor each resection to the specific 

patient [5]. Preoperative imaging is important 
when planning the surgical procedure 
(Figure  19.1). Magnetic resonance imaging 
(MRI) provides the best assessment of tumor 
involvement of nearby organs and structures. 
Some advocate Advanced Multimodality Image 
Guided Operating (AMIGO) when planning the 
surgical procedure. This is a state‐of‐the‐art med­
ical and surgical research environment that 
houses a complete array of advanced imaging 
equipment and interventional surgical systems 
[6]. Knowledge of normal anatomy combined 
with improved imaging modalities (computed 
tomography (CT) and MRI) and new technology 
(3D printing) give the best‐possible preparation to 
clarify the tumor specifics, including involved 
vasculature and nerves, and can help plan recon­
struction. If major vessels are involved such as 
the external iliac artery, it may be better to plan a 
graft or perform an axillo‐femoral bypass or a 
femoro‐femoral bypass as a prior procedure 
before undertaking the definitive resection.

In one study of 377 patients undergoing pel­
vic exenteration it was noted that 57% of 
patients had a complication, and bleeding 
requiring a transfusion arose in 1/3 of the 
patients [7]. Intraoperative bleeding is a major 
issue when performing a major resection in 
the confines of a narrow pelvis. Therefore pre­
operative transfusion considerations are 
needed if substantial blood loss is likely. 
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Anesthetic involvement needing pre‐and intra­
operative plans is vital. Cessation of new non‐
vitamin K oral anticoagulants (NOACs) or 
other pharmacological agents needs to be care­
fully planned to balance the risk of arterial 
thrombus or venous thromboembolism [8].

Intraoperative Management

Hemorrhage Control

It is best to begin the pelvic dissection in a 
plane free of adhesions, in an area away from 
the tumor where possible [9–11]. Early identi­
fication and control of key vessels and structures 
is imperative. Intraoperatively, the tactile sense 
of the surgeon is useful to distinguish between 

soft normal tissue and tumor‐involved tissue 
(which is often fibrotic and hard). Sometimes 
it can be difficult (impossible) to distinguish 
tumor from radiotherapy‐related fibrosis or 
scar tissue. Aggressive resection of adherent 
structures is often required to avoid compro­
mising the surgical margin.

Anatomical variation regarding the veins in 
the pelvis is a potential challenge during 
removal of the tumor. Surgical clips are useful 
but can fall off during further dissection. 
Alternatively, electrothermal bipolar vessel 
sealing (EBVS) has revolutionized pelvic sur­
gery and can seal blood vessels up to 7 mm in 
diameter [12]. Sometimes, temporary sealing 
can improve the ability to remove the tumor 
before final closure of the vessels definitively 

Figure 19.1  MRI used for planning surgery at the pelvic side wall.
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(suture ligation), especially when dealing with 
the pelvic sidewall.

New hemostatic patches are available with 
different coagulation features. Veriset™ has 
three human components that promote 
hemostasis [13]. Starsil® is a plant‐derived 
polysaccaride hemostatic powder that can be 
used as an alternative to bone‐wax when 
bleeding occurs after sacrectomy [14]. 
Floseal™ is an agent that contains high con­
centration of human thrombin, converting 
fibrinogen into fibrin monomers, and accel­
erates clot formation [15]. Surgiflo® provides 
a gelatin–thrombin hemostatic matrix for 
platelet adherence [16]. Alternatively, 
Tachosil® is a fibrin sealant patch that pro­
motes hemostasis by triggering the last stage 
of the coagulation cascade to create a fibrin 
clot [17]. Personal experience and preference 
dictate which products to use, but in general 
most of these patches are best on bigger sur­
faces with continuous ooze. In addition, 
these products are a supplement to conven­
tional hemostatic methods.

For major hemorrhage, packing of the pelvis 
with surgical swabs/packs remains the funda­
mental management strategy. The resection may 
be abandoned, packs may be left in situ, and it is 
possible for reevaluation in theater 24–48 hours 
later when the patient is hemodynamically sta­
ble. Resuscitative endovascular balloon occlu­
sion of the aorta is a technique for temporary 
stabilization of patients with non‐compressible 
torso hemorrhage, but there is limited evidence 
regarding its role in major pelvic surgery [18]. In 
addition, there are studies examining the use of 
recombinant factor VIIa (NovoSeven®RT) in 
uncontrolled hemorrhage [19].

Postoperative Hemorrhage

Significant blood loss in the early postopera­
tive phase is infrequent. It usually results in a 
patient returning to the operating room for 
exploration. Typical causes include a slipped 
ligature or dislodgement of a diathermy 
coagulum as blood pressure recovers from the 
anesthesia.

Late secondary hemorrhage is rare and 
typically occurs seven to ten days after sur­
gery. This can be due to an infective collec­
tion, pressure effect from a surgical drain 
eroding an adjacent blood vessel, or ruptured 
mycotic pseudo‐aneurysm. Interventional 
radiological embolization has significantly 
improved the management of secondary 
hemorrhage.

Nerve Damage

One of the most substantial side effects of 
advanced pelvic surgery is functional impair­
ment due to nerve damage after a further suc­
cessful resection. Nerve injury occurs in 
approximately 2% of all pelvic surgery and is 
more frequent in pelvic exenteration [20]. In 
principle, there are two categories that result 
in a nerve injury. The first category includes 
intended nerve resection to achieve clear mar­
gins. The sciatic, femoral, and obturator nerves 
are the most common nerves to be sacrificed. 
The second category of nerve injury is due to 
an unintended iatrogenic cause. There are 
three ways this typically occurs: transection 
injury, entrapment of the nerve, or compres­
sion/stretching injury. Transection results in 
immediate functional loss [21]. Entrapment of 
nerves occurs when nerves are caught in a 
suture or supporting mash. This can be associ­
ated with chronic pain and can be difficult to 
manage [22]. Compression or overstretching 
of the nerve gives mostly functional loss due to 
ischemia or compression of the vasa nervo­
rum. The most common cause of this injury is 
due to instrumental retraction. The over­
whelming majority of compression or retractor 
injuries are self‐resolving. In very select cases a 
repair of the damaged nerve may be need to 
improve functional status. Proper positioning 
of the patient is the key to prevention of nerve 
injury [23]. Prolonged duration of the 
Trendelenburg position and lithotomy position 
should be avoided in long operations. If neces­
sary the patient should be put back in the 
supine position, with the legs down for a 
period. Care should be given to the placement 
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of retractors. Avoiding deep imprecise sutures 
for bleeding or excessive electrocauterization 
is also paramount.

Obturator Nerve

The obturator nerve, which starts at the root of 
L4 and enters the medial side of the psoas mus­
cle, follows the sidewall along the second 
branch of the internal iliac artery. It is at risk 
when the tumor or metastasis involves the lat­
eral pelvic wall [24, 25]. An injury will result in 
weakness of the adductor muscles. Remarkably, 
walking is not very affected by transection, but 
more advanced movement can be impaired.

Femoral Nerve

The femoral nerve lies on the dorsal and dis­
tal aspect of the psoas muscle (lateral side). It 
starts at the root of L4 and tracts follow the 
femoral artery. This nerve is at risk when 
resecting part or all of the psoas. Injuries are 
more commonly secondary to self‐retaining 
retractors especially in patients who are thin 
and have a narrow pelvis [25, 26]. Most com­
pression injuries are self‐resolving; however, 
significant injuries can result in weakness of 
hip flexion and knee extension. This is a sig­
nificant deformity, reducing mobility includ­
ing sitting down, standing up from sitting, 
and difficulty in going up/down stairs. 
Physiotherapy and/or a knee‐brace may help; 
in select cases, microsurgical replacement of 
the nerve can lead to function recovery.

Sciatic Nerve

The sciatic nerve is formed from a collection of 
fibers involving L4–S3 roots. The fiber unites to 
form a single nerve in front of the piriformis 
muscle, and passes through the greater sciatic 
foramen to exit the pelvis. Inadvertent injury 
caused by transection results in foot drop and 
some lower limb weakness/paresis. With good 
ankle and foot splinting/prothesis and exten­
sive physiotherapy, it may be possible to restore 
some ambulation.

Sacralplexus

Unintended injury to the sacral plexus roots (S1–S4) 
mostly results from deep suturing in the dorsal pel­
vic wall and floor or in sacral bone resection [27]. 
Alternatively, compression by collection/abscess 
can cause compression of the distal aspect of the 
nerve. Most symptoms start shortly after the opera­
tion and vary from pain to rectal, urinary, or sexual 
dysfunction. Removal of the suture can relieve the 
symptoms or another option is injection with a 
gamma‐aminobutyric acid (GABA) antagonist. 
When the symptoms are due to an infection/collec­
tion, drainage will resolve symptoms in most 
cases [28].

Injury to Bowel or Urinary Tract

Injury to the bowel can occur during dissection 
of adhesions from prior surgery, or due to 
inadvertent use of retractors or diathermy. 
Intestinal injury often involves the small bowel 
and can vary from small serosal tears to full‐
thickness laceration to the bowel or mesentery. 
Early identification and management avoids 
delayed complications.

Iatrogenic ureteral injury during pelvic sur­
gery is well described, even as surgical tech­
niques have improved. In severe incidences, 
preoperative ureteral stenting (including 
lighted stents) may be used. However, prophy­
lactic stenting is not complication‐free and rou­
tine use is controversial. Accurate identification 
of the ureters is a vital step in prevention of iat­
rogenic ureteral injuries. However, distortion 
of normal anatomy by large pelvic masses, 
prior surgery, or irradiation therapy can 
increase risk of injury. If there is concern about 
a ureteral injury, early check of drain creatinine 
level plus dedicated radiological imaging are 
essential for early identification. A delayed rec­
ognition of ureteral injuries may require tem­
porary urinary diversion via a percutaneous 
nephrostomy prior to definitive surgical repair. 
In select cases, immediate ureteral reconstruc­
tion in the postoperative period can be achieved, 
but postoperative tissue edema and inflamma­
tion can render definite management difficult.
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Postoperative Management

Abdominal Compartment

Abdominal compartment syndrome can occur 
after major abdominal/pelvic surgery [29, 30]. 
One of the most common etiological factors is 
massive infusion of crystalloid fluids during 
the intraoperative period [31, 32]. A physiolog­
ical consequence of this is reduced venous 
return, impairing cardiac output, resulting in 
impaired renal function due to reactive vaso­
constriction via activation of the renin‐angio­
tensin system. In addition, there is reduced 
intestinal perfusion due to lower mesenteric 
blood flow and impairment of the liver’s ability 
to clear lactate. The management of abdomi­
nal compartment syndrome often requires sur­
gical decompression by opening of the 
abdominal wound. This can result in issues 
with wound closure, incisional hernia, loss of 
reconstructive flaps, and delayed recovery [33].

Delayed Presentation of Bowel 
or Urinary Tract Injury

Inadvertent enterotomy is a dangerous compli­
cation, with considerable morbidity and/or 
mortality. Any patient with signs of deteriora­
tion, features of peritonitis, sepsis, or increased 
abdominal pain after pelvic exenteration must 
be investigated promptly. Studies have shown a 
20% incidence of inadvertent enterotomy in 
patients who had a repeat laparotomy, especially 
where dividing of adhesions was required [34, 35].

Early intervention is needed to limit morbid­
ity, typically with the creation of a proximal 
stoma [36]. In cases where stoma formation is 
impossible due to severe adhesions, carcino­
matosis, obesity, postoperative inflammation, 
shortening of the mesentery, or a frozen abdo­
men/pelvis the surgeon is left with less‐optimal 
choices. In these cases, placement of a Foley 
catheter as a controlled enterostomy or fistula 
is an option [4]. The balloon is inflated with 
3 ml of saline and a purse‐string suture of 
absorbable material is placed around the perfo­
ration. The defect is then anchored to the ante­
rior abdominal wall with absorbable sutures. 
The catheter is fixed so that the balloon exerts 
gentle pressure to the area, to help promote a 
controlled fistula tract [37].

Massive Transfusion

Massive blood transfusion is defined as 
replacement of a patient’s total blood volume 
within a 24‐hour period. Consequences of 
massive blood transfusion are dependent on 
early restoration of changes in body bio­
chemistry, such as hypocalcemia, hypomag­
nesemia, and hypokalemia. In addition, 
coagulopathy and hypothermia most be cor­
rected. Blood transfusion is also associated 
with higher risk of venous thromboembolism 
in multitransfused trauma patients or those 
with advanced cancer [38]. Rare complica­
tions of massive transfusion includes lower 
extremity compartment syndrome and myo­
cardial infarction. 

Summary Box

●● Both the patient and the surgeon must be 
aware an increased risk of complications 
with pelvic exenterative surgery, including 
massive hemorrhage, unintended organ 
injury, neuropraxia, and/or abdominal 
compartment syndrome.

●● Optimal preoperative imaging is essential 
prior to advanced pelvic surgery.

●● Multivisceral resection often outside nor-
mal surgical planes is associated with a 
higher rate of complications and careful 
intraoperative strategies must be estab-
lished to deal with complications.

●● Patients must be counseled and well 
informed of possible issues and be made 
aware of potential long-term sequela.
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Background

Advanced cancers of the pelvis are morbid 
cancers. At the time of presentation, most 
patients are highly symptomatic [1]. The high 
symptom burden is likely at least in part to be 
accountable for the poor quality of life of these 
patients at diagnosis [2]. Surgical treatment of 
these advanced cancers involves radical resec-
tion of all contiguously involved pelvic struc-
tures, which generally includes resection of 
the rectum and the genitourinary organs but 
may also extend to include major neurovascu-
lar structures of the pelvis or the bony pelvis 
itself. Because of the complexity of these oper-
ations, postoperative recovery is usually pro-
longed and operative morbidity is high. 
Furthermore, the radical re-resection, coupled 
with prior radiotherapy can have long-term 
functional consequences for the patient such 
as sexual dysfunction or urinary or fecal incon-
tinence, as well as the need for two stomas. 
With even more extended resections where 
major nerve excision is needed, there can be 
additional implications to lower limb func-
tion  [3]. All these in turn contribute to 
adversely affecting the patient’s long-term 
quality of life. Recent studies have also 

suggested the possibility of persistent pain 
long after the surgical insult  [4, 5]. Not only 
may pain cause quality of life impediments, 
but also it has been suggested that pain may 
influence long-term prognosis  [4]. Therefore, 
while pelvic exenteration may offer a cure, 
there are definite long-term treatment-related 
effects for the patient, particularly surround-
ing function and quality of life.

­Quality of Life and Patient-
Reported Outcomes Instruments

From an anatomic viewpoint, most functional 
deficits are predictable based on preoperative 
imaging and the magnitude of the anticipated 
resection. Some aspects of patient-reported 
outcomes, however, are not predictable, such 
as chronic pain, body-image issues, psycho
logical impacts, or concerns for the future. At 
present, there is no single validated and stand-
ardized tool that adequately captures all rele-
vant aspects of pelvic exenteration. To date, 
most studies have either combined a number 
of previously validated tools to report on the 
outcome of interest, adopted an existing tool to 
address specific outcomes of clinical interest, 
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or utilized a non-validated instrument purpose 
designed for the individual study based on 
clinical experience. Notwithstanding this, 
there is now a quality of life instrument spe-
cific for patients with locally recurrent rectal 
cancer that is being developed and vali-
dated [6]. The tool has been developed follow-
ing focus group interviews of expert clinicians 
and patients diagnosed with locally recurrent 
rectal cancer which identified two main 
themes. The two themes identified pertained 
to health-related quality of life and healthcare 
services delivery. Within health-related quality 
of life, several relevant subdomains were iden-
tified which included symptoms, sexual func-
tion, psychological impact, role, and social 
functioning, as well as future perspective, 
while within health services utilization, the 

subdomains identified included disease man-
agement, treatment expectations, and confi-
dence with healthcare professionals [6].

Quality of life assessment instruments 
and other patient-reported outcome tools com-
monly used in pelvic exenteration literature 
are summarized in Table 20.1. As most pelvic 
exenterations are performed for a malignant 
indication, most authors have chosen a generic 
cancer quality of life instrument and its rele-
vant modules to assess the outcomes of inter-
est. The choice of instrument in turn depends 
on the outcome of interest. The only problem 
with this approach is the burden of the ques-
tionnaires to the patient as the number of 
instruments increases, which reduces patient 
compliance if repeated longitudinal measures 
are intended.

Table 20.1  Common quality of life (QoL) instruments and other health-related quality of life (HRQoL) 
instruments used in pelvic exenteration studies.

Type of instrument Domains Comments

Generic QoL
SF-36

AQOL
 
 
 
 

EQ5D

 
36-item questionnaire covering eight 
domains: vitality, physical functioning, 
bodily pain, general health perception, 
physical role functioning, emotional role 
functioning, social role functioning, and 
mental health. Domains are scored to 
give two components: a mental health 
component and a physical health 
component

Four versions with a varying number of 
items. AQOL 8 has 35 items covering 
eight domains: independent living, 
happiness, mental health, coping, 
relationships, self-worth, pain, and 
senses

5-item questionnaire across five domains: 
mobility, self-care, usual activities, pain/ 
discomfort, and anxiety/depression

 
Most widely used QoL instrument. 
There are shorter versions available, 
e.g. SF12.
SF36 scores can be converted into a 
utility-based score using available 
statistical packages to calculate 
cost-effectiveness

A health-related multi-attribute 
utility quality of life instrument. 
Score can be converted to a utility 
score which permits cost-utility 
assessment

Simple to administer. Can be used to 
calculate QALYs for cost-
effectiveness analyses

Cancer-specific
FACT-G

EORTC QLQ-C30

 
27-item questionnaire across four 
domains: physical, social, emotional, and 
functional well-being

30-item questionnaire covering function, 
symptoms, and overall quality of life

 
Disease-specific modules 
complement FACT-G and are 
available for 20 different cancers

Disease-specific modules 
complement QLQ-C30 and are 
available for 24 different cancers



Type of instrument Domains Comments

Symptom-specific
Bowel function
EORTC QLQ-CR29

FACT-C

Urinary function
EORTC QLQ-CR29
 

Sexual function
EORTC QLQ-CR29
 

EORTC QLQ-CX24

EORTC QLQ-EN24

EORTC QLQ-OV-28

EORTC QLQ-PR25
 
 
Anxiety/
depression
HADS

 
 
29-item scale which is to be used as the 
colorectal cancer subscale in addition to 
the 30-item QLQ-C30
  

Total of 36 items which include 27 items 
from FACT-G. The additional nine items 
cover abdominal symptoms, bowel 
function, and stoma care

29-item scale which is to be used as the 
colorectal cancer subscale in addition to 
the 30-item QLQ-C30

29-item scale for colorectal cancer which 
is to be used as the colorectal cancer 
subscale in addition to the 30-item 
QLQ-C30

24-item subscale designed for cervical 
cancer to be used in conjunction with 
QLQ-C30

24-item subscale designed for 
endometrial cancer to be used in 
conjunction with QLQ-C30

28-item subscale designed for ovarian 
cancer to be used in conjunction with 
QLQ-C30

28-item subscale designed for prostate 
cancer to be used in conjunction with 
QLQ-C30

14-item scale, 7 each for anxiety and 
depression

 
 
More comprehensive assessment of 
bowel function (7 items on stoma, 6 
on bowels), urinary [4], and 
sexual [2] function, as well as 
gastrointestinal symptoms because 
of the larger number of items

The “C”-colorectal cancer subscale 
has only an additional nine items, 
which simplifies administration and 
reduces survey burden

Contains four questions on urinary 
function/incontinence

Contains two questions each for 
men or women

Contains seven questions about 
female sexual function. Mostly used 
in gynecological exenteration 
literature

Contains six questions about female 
sexual function. Mostly used in 
gynecological exenteration literature

Contains four questions about 
female sexual function. Mostly used 
in gynecological exenteration 
literature

Contains six questions about male 
sexual function

Although this has been used 
previously, the majority of studies 
will rely on the anxiety/depression 
questions contained within either 
FACT or EORTC questionnaires

Pain
LANSS

BPI

Distress
DISTRESS 
THERMOMETER

7-item pain scale, specifically for 
neuropathic pain

Long and short forms available. The short 
form contains 15 items, whereas the long 
form also asks for other patient-specific 
information
 
A rapid screening tool for psychological 
distress in cancer patients. Typically 0 to 
10 on visual analog scale

Five of the items are part of a 
bedside questionnaire but the 
remaining two questions rely on 
bedside patient assessment

The short form is most widely 
utilized
 
 

Simple, rapid, and effective tool to 
screen for the presence of distress. 
However, its use requires validation

Table 20.1  (Continued)
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The use of investigator-designed (i.e. non-
validated instruments) is also present but 
this appears to be more common within the 
orthopedic literature. The use of other 
validated instruments such as the Modified 
Obstruction and Defecation Scale (MODS) 
for bowel function or the International 
Continence Society (ICS) score for urinary 
function has also been reported but, once 
again, mostly within the sarcoma literature. 
Table 20.2 summarizes the main instruments 
used within recent quality of life studies in 
pelvic exenteration patients.

­Quality of Life Trajectories 
Following Pelvic Exenteration

Beyond survival, patients undergoing pelvic 
exenteration with curative intent for advanced 
primary or recurrent gynecological and rectal 
malignancies want to have a minimum accepta-
ble level of quality of life for the extent of their 
lives. We now describe the quality of life trajecto-
ries for patients undergoing pelvic exenteration 
due to gynecological malignancies (i.e. vaginal, 
cervical, and uterine cancer), rectal malignancies 
(i.e. advanced primary or recurrent malignan-
cies), mixed malignancies (i.e. mixed samples, 
such as rectal, gynecological, and urological 
malignancies), and palliative exenteration.

Gynecological Malignancies

To date, most of the evidence describing the 
quality of life trajectories following gynecolog-
ical malignancies derives from small samples 
(range, n = 16–62) with short-term follow-up 
(i.e. up to 12 months postoperative). Most of 
this evidence is from patients presenting a 
wide range of gynecological malignancies, 
including cervical cancer, endometrial cancer, 
vaginal cancer, ovarian cancer, and uterine 
cancer [7–15].

Martinez et al. [13] performed a multicenter 
prospective cohort study with 61 patients eval-
uating the quality of life at preoperative and 
then at 1, 3, 6, and 12 months post pelvic exen-
teration performed with curative intent for 
gynecological malignancies such as vaginal 
and cervical cancer (n  =  51), uterine cancer 
(n  =  9), and other forms of cancer (n  =  1). 
Quality of life was measured using the EORTC 
QLQ-C30 (version 3.0) and the EORTC 
QLQ-OV28 instruments. Only 38% (n = 23) of 
the patients responded to the last follow-up 
questionnaire (12 months). Overall, quality of 
life decreased one month postoperative and 
reached preoperative level by three months. 
From 6 to 12 months, quality of life increased 
above the preoperative scores and remained 
stable (Figure 20.1a) [13].

All other quality of life measures, such as 
physical functioning, role functioning, 

Type of instrument Domains Comments

Lower limb 
function
MSTS

Biagini

Designed to assess upper and lower limb 
function in patients with sarcoma. Six 
items each for upper and lower limbs

6-item questionnaire with two each on 
motor function, urinary, and bowel 
function

 

Would generally only use upper or 
lower limb questionnaires 
depending on the disease

Non-validated but commonly used 
instrument in orthopedic literature 
following sacrectomy

QALY, Quality-adjusted life-year; AQOL, assessment of quality of life; EQ5D, EuroQoL-5D; HADS, Hospital 
Anxiety and Depression Scale; LANSS, Leeds Assessment of Neuropathic Symptoms and Signs; BPI, Brief 
Pain Inventory; MSTS, Musculoskeletal Tumor Society Score.

Table 20.1  (Continued)



Table 20.2­ Evidence of quality of life (QoL) following pelvic exenteration.

Author,­year­(country),­n Malignancy­(n) QoL­tool QoL­domain Time­point Main­finding

Gynecological malignancies

Vera, 1981 [29]
(USA)
n = 19

Recurrent vulvovaginal 
cancer (n = 1)
Recurrent cervical cancer 
(n = 18)

Open-ended questions Social
Sexual
Psychological

Cross-sectional Patients see their QoL as 
above-average, in a trend 
of improvement

Hawighorst et al., 
1997 [12]
(Germany)
n = 28

Recurrent cervical cancer 
(n = 28)

Cancer Rehabilitation 
Evaluation System 
(CARES)

Physical
Medical interaction
Psychosocial
Sexual
Marital
Global score

Baseline
4 months
12 months

Patients had a significantly 
better QoL outcome 
following surgery

Hawighorst et al., 
2004 [11]
(Germany)
n = 62

Recurrent cervical cancer 
(n = 62)

Cancer Rehabilitation 
Evaluation System 
(CARES-SF)

Physical Psychosocial
Sexual
Medical interaction
Marital
Global score

Baseline
4 months
12 months

Patients improved QoL 
within 12 months 
postoperatively

Forner and Lampe, 
2011 [10]
(Germany)
n = 100

Cervical (n = 54)
Endometrial (n = 11)
Vulval (n = 20)
Vaginal (n = 6)
Ovarian (n = 6)
Other cancer (n = 3)

Short Form-12 Health 
Survey Questionnaire
(SF-12)

Mental component 
score
Physical component 
score

Cross-sectional Overall QoL remains 
acceptable after pelvic 
exenteration

Rezk et al., 2013 [14]
(USA)
n = 16

Endometrial (n = 4)
Vaginal (n = 3)
Cervical (n = 7)
Vulvovaginal (n = 1)
Ovarian (n = 1)

European Organization 
for Research and 
Treatment of
Cancer (EORTC 
QLQ-C30/QLQ-CR38/
QLQ-BLM30)

Physical function
Role function
Emotional function
Social function
Cognitive functions
Overall QoL

Baseline
3 months
6 months
12 months

Although patients report 
some persistent decline in 
physical function after 
pelvic exenteration, most 
adjust well, returning to 
almost baseline 
functioning within a year

(Continued)



Ngô et al., 2013 [15]
(France) [30]
n = 25

Recurrent endometrial 
cancer (n = 8)
Recurrent cervical cancer 
(n = 17)

European Organization 
for Research and 
Treatment of Cancer 
(EORTC QLQ-C30/
QLQ- CX24)

Physical function
Role function
Emotional function
Social function
Cognitive functions
Overall QoL

Cross-sectional Overall QoL was lower 
than reported in the 
literature

Dessole et al., 2018 [9]
(Italy/Germany)
n = 96

Cervical (n = 71)
Endometrial (n = 14)
Vaginal (n = 4)
Vulval (n = 7)

European Organization 
for Research and 
Treatment of Cancer 
(EORTC QLQ-C30/
QLQ-CX24/
QLQ-OV28)

Physical function
Role function
Emotional function
Social function
Cognitive functions
Overall QoL

Cross-sectional Pelvic exenteration retains 
a positive impact on 
overall QoL

Martinez et al., 
2018 [13]
(France)
n = 61

Vaginal/cervical (n = 51)
Uterine (n = 9)
Other cancer (n = 1)

European Organization 
for Research and 
Treatment of Cancer 
(EORTC QLQ-C30/
QLQ-OV28)

Physical function
Role function
Emotional function
Social function
Cognitive functions
Overall QoL

Baseline
1 month
3 months
6 months
12 months

Deterioration of QoL was 
most significant by 
3 months. Overall QoL 
improved 1 year after 
surgery

Armbruster et al., 
2018 [7]
(USA)
n = 55

Cervical (n = 22)
Uterine (n = 12)
Vaginal (n = 11)
Vulval (n = 9)
Ovarian (n = 1)

Short Form-12 Health 
Survey (SF-12)

Mental component 
score
Physical component 
score

Baseline
6 months
12 months

Physical functioning 
declined, while mental 
functioning increased 
slightly in postoperatively

Rectal malignancies

Guren et al., 2001 [21]
(Norway)
n = 37

Advanced primary or 
recurrent rectal – with/
without urostomy 
(n = 37)

European Organization 
for Research and 
Treatment of
Cancer (EORTC 
QLQ-C30/QLQ-CR38/
QLQ-BLM30)

Physical function
Role function
Emotional function
Social function
Cognitive functions
Overall QoL

Cross-sectional QoL scores were 
comparable with the 
general population

Table 20.2­ (Continued)
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Esnaola et al., 
2002 [20]
(USA)
n = 30

Recurrent rectal (n = 30) Functional Assessment 
of Cancer Therapy – 
Colorectal (FACT-C)

Physical
Social/family
Emotional
Functional

Cross-sectional After pelvic exenteration, 
patients reported good 
QoL

Austin et al., 2010 [16]
(Australia)
n = 37

Advanced primary rectal 
(n = 17)
Recurrent rectal (n = 20)

Short Form-36 Health 
Survey Questionnaire
(SF-36)
Functional Assessment 
of Cancer Therapy – 
Colorectal (FACT-C)

Physical component
score (SF-36)
Mental component 
score (SF-36)
Physical (FACT-C) 
Social/family 
(FACT-C)
Emotional (FACT-C)
Functional (FACT-C)
Total score (FACT-C)

Cross-sectional Overall QoL scores for 
patients undergoing pelvic 
exenteration were good, 
although physical scores 
were lower and mental 
scores were higher than 
the general population.

Beaton et al., 2014 [19]
(Australia)
n = 31

Recurrent rectal (n = 17)
Advanced primary rectal 
(n = 14)

Functional Assessment 
of Cancer Therapy – 
Colorectal (FACT-C)

Total score Cross-sectional Mean FACT-C score was 
100.7 ± 13.5, indicating 
good QoL

Pellino et al., 2015 [22]
(Italy)
n = 30

Recurrent rectal (n = 30) European Organization 
for Research and 
Treatment of
Cancer (EORTC 
QLQ-C30)

Physical function
Role function
Emotional function
Social function
Cognitive functions
Overall QoL

Baseline
12 months
36 months

Patients with R0 resection 
demonstrated a prompt 
and stable recovery of QoL

Choy et al., 2017 [17]
(Australia)
n = 93

Recurrent rectal (n = 93) Assessment of Quality 
of Life (AQOL)

Overall score Baseline
1 month
3 months
6 months
9 months
12 months

QoL scores initially 
declined, followed by a 
recovery period, but mean 
score did not return to 
baseline by 12 months

(Continued)



Radwan et al., 
2015 [23]
(UK)
n = 56

Advanced primary rectal 
(n = 56)

European Organization 
for Research and 
Treatment of
Cancer (EORTC 
QLQ-C30)

Physical function
Role function
Emotional function
Social function
Cognitive functions
Overall QoL

Baseline
2 weeks
3 months
6 months
12 months
24 months

Patient’s recovery baseline 
QoL within 6 months 
following pelvic 
exenteration, improving 
slightly thereafter

Quyn et al., 2016 [26]
(Australia)
n = 104

Advanced primary rectal 
(n = 104)

Short Form-36 Health 
Survey Questionnaire
(SF-36)
Functional Assessment 
of Cancer Therapy – 
Colorectal (FACT-C)

Physical component
score (SF-36)
Mental component 
score (SF-36)
Total score (FACT-C)

Baseline
Discharge
1 month
3 months
6 months
12 months

QoL improves rapidly after 
pelvic exenteration and 
continues to improve over 
the first year

Mixed malignancies

Young et al., 2014 [2]
(Australia)
n = 148

Recurrent rectal (n = 75)
Advanced primary rectal 
(n = 36)
Recurrent other (n = 26)
Primary other (n = 11)

Short Form-36 Health 
Survey Questionnaire
(SF-36)
Functional Assessment 
of Cancer Therapy – 
Colorectal (FACT-C)

Physical component
score (SF-36)
Mental component 
score (SF-36)
Total score (FACT-C)

Baseline
1 month
3 months
6 months
9 months
12 months

QoL improves rapidly after 
pelvic exenteration surgery

Levy et al., 2016 [25]
(Czech Republic)
n = 63

Primary rectal (n = 39)
Recurrent rectal (n = 15)
Rectal/prostate (n = 3)
Bladder (n = 2)
Anal (n = 2)
Cervical (n = 2)

European Organization 
for Research and 
Treatment of
Cancer (EORTC 
QLQ-C30/QLQ-CR29)

Physical function
Role function
Emotional function
Social function
Cognitive functions

Cross-sectional Most patients reported a 
good level of QoL

Table 20.2­ (Continued)
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Roos et al., 2004 [27]
(Netherlands)
n = 25

Bladder (n = 6)
Gynecological (n = 19)

European Organization 
for Research and 
Treatment of Cancer 
(EORTC QLQ-C30/
QLQ-OV28)

Physical function
Role function
Emotional function
Social function
Cognitive functions
Overall QoL

Cross-sectional Despite the immense effect 
of pelvic exenteration on 
physical, sexual, and social 
functioning, patients 
reported similar levels of 
emotional functioning and 
general QoL compared to 
healthy women

Steffens et al., 
2018 [28]
(Australia)
n = 287

Primary rectal (n = 77)
Recurrent rectal 
(n = 119)
Primary other (n = 41)
Recurrent other (n = 50)

Short Form-36 Health 
Survey Questionnaire
(SF-36)
Functional Assessment 
of Cancer Therapy – 
Colorectal (FACT-C)

Physical component
score (SF-36)
Mental component 
score (SF-36)
Total score (FACT-C)

Baseline
6 months
12 months
18 months
24 months
30 months
36 months
48 months
60 months

Overall, QoL returned to 
baseline within 6 months 
after pelvic exenteration.
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cognitive functioning, and social functioning, 
followed similar trajectories, declining at one 
month postoperative and increasing thereafter, 
except for emotional functioning, which 
increased during the first six months and 
remained stable thereafter (Figure 20.2a) [13]. 
Rezk et al. [14] reported similar results in their 
prospective study (n  =  16). Emotional func-
tioning improved shortly after surgery and sig-
nificantly improved at 12 months, when 
compared to baseline.

Armbruster et al. [7] assessed quality of life 
after pelvic exenteration for a variety of 
gynecological malignancies, including cervi-
cal cancer (n = 22), vaginal cancer (n = 11), 
uterine cancer (n = 12), vulval cancer (n = 9), 
and ovarian cancer (n = 1). The short-form 12 
Health Survey was used to report on the 
physical and mental component scores at 
three time-points (preoperative and 6 and 
12 months postoperatively). The physical 
component score decreased from preoperative 
to 6 months and remained lower than preop-
erative by 12 months. The mental component 
score increased from preoperative to 6 months 
and remained higher than preoperative by 
12 months. Overall, it seems that patients 
undergoing pelvic exenteration due to gyneco-
logical malignancies present an acceptable 
postoperative quality of life.

Rectal Malignancy

The evidence on quality of life following pelvic 
exenteration for rectal malignancies has 
evolved recently, with most significant work 
conducted by a high-volume pelvic exentera-
tion center in Australia  [16–18]. In terms of 
quality of life trajectories, there are reports in 
patients presenting with advanced primary 
rectal malignancies and recurrent rectal malig-
nancies, with most studies following patients 
up to 12 and 36 months [16–23].

Choy et  al.  [17] performed a prospective 
cohort study evaluating quality of life in 117 
patients presenting with recurrent rectal 

malignancy, where 93 underwent pelvic exen-
teration and 24 did not agree to curative sur-
gery. Quality of life measures were evaluated 
at preoperative and 1, 3, 6, 9, and 12 months 
postoperatively using the Assessment of 
Quality of  Life (AQOL) instrument. Quality 
of life for  the recurrent rectal malignancy 
patients that underwent pelvic exenteration 
initially declined, followed by a recovery 
period between 3 and 9 months, but not 
returning to the preoperative score by 
12 months. In contrast, the 24  non-exentera-
tion patients gradually declined their quality 
of life over the 12 months study period.

Radwan et  al.  [23] evaluated long-term 
quality of life trajectories in 56 advanced 
primary rectal malignancy patients under-
going pelvic exenteration. Quality of life was 
assessed at preoperative, 2 weeks, 3, 6, 12, 
and 24 months postoperatively using the 
EORTC QLQ-C30. Quality of life signifi-
cantly decreased at 2 weeks postoperative, 
slightly increasing by 3 months, and improv-
ing from preoperative scores by 24 months 
(Figure  20.1b)  [23]. Similarly, Quyn 
et al. [18] reported quality of life trajectories 
in 104 patients with locally advanced pri-
mary rectal malignancies that underwent 
pelvic exenteration. Quality of life was 
assessed using the FACT-C and SF-36 instru-
ments at preoperative and 3, 6, 9, and 
12 months postoperatively. Overall, patients 
have returned to their preoperative quality 
of life (FACT-C) scores within 3 months 
postoperatively, increasing slightly from 
3 months to 12 months. In addition, the 
mental and physical component scores (SF-
36) decreased in the immediate postopera-
tive period but returned to preoperative 
levels at 2 months (mental component 
scores) and 6 months (physical component 
score). Thereafter, both component scores 
presented a steady increase up to 12 months.

Patients with advanced primary rectal malig-
nancies experienced a significant decrease in 
physical functioning, role functioning, 
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emotional functioning, cognitive functioning, 
and social functioning during the first few 
months postoperative [17, 23]. While all func-
tioning scores improved between 2 weeks and 
3 months postoperatively, role functioning, 

physical functioning, and social functioning 
did not return to preoperative scores within 
24 months postoperatively (Figure 20.2b) [23].

Recently, a systematic review investigated 
quality of life following locally advanced 
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Figure 20.1  Quality of life following pelvic exenteration.
a.	 Source: Redrawn from Martinez A, Filleron T, Rouanet P, Meeus P, Lambaudie E, Classe JM, et al. 

Prospective Assessment of First-Year Quality of Life After Pelvic Exenteration for Gynecologic 
Malignancy: A French Multicentric Study. Annals of surgical oncology. 2018;25(2):535-41

b.	 Source: Redrawn from Radwan RW, Codd RJ, Wright M, Fitzsimmons D, Evans MD, Davies M, et al. Quality-
of-life outcomes following pelvic exenteration for primary rectal cancer. The British journal of surgery. 
2015;102(12):1574-80.

c.	 Source: Redrawn from Steffens D, Solomon MJ, Young JM, Koh C, Venchiarutti RL, Lee P, et al. Prospective 
cohort study of long-term survival and quality of life following pelvic exenteration. BJS Open. 
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Figure 20.2  Functional, physical, and mental component scores following pelvic exenteration.
a.	 Source: Redrawn from Martinez A, Filleron T, Rouanet P, Meeus P, Lambaudie E, Classe JM, et al. 

Prospective Assessment of First-Year Quality of Life After Pelvic Exenteration for Gynecologic 
Malignancy: A French Multicentric Study. Annals of surgical oncology. 2018;25(2):535-41

b.	 Source: Redrawn from Radwan RW, Codd RJ, Wright M, Fitzsimmons D, Evans MD, Davies M, et al. Quality-
of-life outcomes following pelvic exenteration for primary rectal cancer. The British journal of surgery. 
2015;102(12):1574-80.

c.	 Source: Redrawn from Steffens D, Solomon MJ, Young JM, Koh C, Venchiarutti RL, Lee P, et al. Prospective 
cohort study of long-term survival and quality of life following pelvic exenteration. BJS Open. 
2018([accepted]):1-8
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rectal malignancy and local recurrent rectal 
malignancy  [24]. The authors found seven 
studies (sample size ranged from 30 to 104) 
investigating quality of life in studies pub-
lished between 2002 and 2016. In this review 
it was reported that quality of life following 
pelvic exenteration for advanced primary or 
recurrent rectal malignancies improves over 
the first postoperative year, returning to pre-
operative status within 2 to 9 months postop-
erative in the vast majority of the included 
studies.

Mixed Malignancies

To date, most of the evidence on quality of 
life trajectories included a sample with 
mixed malignancies undergoing pelvic exen-
teration. Such samples reported in the litera-
ture included a cohort of patients presenting 
with advanced primary rectal malignancy, 
recurrent rectal malignancy, gynecological 
malignancies, and urological malignan-
cies [2, 25–27].

Steffens et  al.  [28] reported on the largest 
prospective cohort of patients described in the 
literature (287 patients) with the longest fol-
low-up time point (60 months). This included 
patients presenting with mixed malignancies 
such as advanced primary rectal malignancy 
(n  =  77), recurrent rectal malignancy 
(n = 119), advanced primary other malignan-
cies (n = 41), and recurrent other malignan-
cies (n = 50). Quality of life was assessed via 
the FACT-C and SF-36  instruments and 
patients were constantly followed from preop-
erative to 60 months postoperative. The 
FACT-C total score increased from baseline 
until 18 months postoperative and remained 
stable and above preoperative levels within 
60 months follow-up (Figure  20.1c)  [28]. 
The   mental component score of the SF-36 
survey improved up to 18 months post
operative and  remained stable thereafter, 
while the physical component score declined 
at 6 months postoperative, returning to the 

preoperative quality of life level by 12 months 
and remaining stable until the 60 months 
postoperative follow-up.

Young et al. [2] compared quality of life tra-
jectories over 12 months for patients who did 
(n  =  148) and those who did not (n  =  34) 
undergo pelvic exenteration for mixed malig-
nancies. Quality of life was assessed using the 
FACT-C and SF-36  instruments and patients 
were followed at preoperative, predischarge, 
and 1, 3, 6, 9, and 12 months postoperatively. 
Quality of life decreased after pelvic exentera-
tion but improved and was comparable to those 
who did not undergo pelvic exenteration 
within 1 month postoperatively. After 6 months, 
patients that underwent pelvic exenteration 
improved slightly to 12 months, while patients 
that did not undergo pelvic exenteration 
declined by the 12 month postoperative 
measure.

Palliative Exenteration

Palliative exenterations have been and 
remain a controversial area within the exen-
teration literature. From a clinical view 
point, while there are studies that suggest 
improved symptom control and survival, oth-
ers have not. From a quality of life viewpoint, 
Quyn et al. reviewed the quality of life of 39 
patients who underwent pelvic exenteration 
with a palliative intent  [26]. Survival of 
patients who underwent palliative exentera-
tion was significantly better compared to 
patients who underwent palliative surgery 
alone (e.g. formation of colostomy), but qual-
ity of life trajectories showed a significant 
drop after surgery and this was followed by a 
continued gradual decline, with no sustained 
improvement in subsequent quality of life on 
follow-up. Furthermore, although there was 
no in-hospital mortality, major morbidity 
occurred in 34% of patients. In view of this, 
palliative exenteration remains controversial 
and should only be offered selectively on a 
case by case basis.
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­Predictors of Postoperative Quality 
of Life

There are some reports in the literature that 
aimed to investigate if patient demographics 
and/or clinical characteristics predict a better 
or worse postoperative quality of life outcome. 
However, due to the small number of patients 
included in these reports, only a limited num-
ber of predictors could be investigated. Most of 
the evidence comes from studies investigating 
potential predictors on patients undergoing 
pelvic exenteration for gynecological malig-
nancies and rectal malignancies.

Dessole et  al. investigated if patient’s age 
and clinical characteristics (i.e. tumor site, 
clinical setting, extent of exenteration, urinary 
diversion, colostomy, and number of ostomies) 
in a population presenting with gynecological 
malignancies undergoing pelvic exenteration 
predicts quality of life at a median time point 
of 36 months post operation [9]. Patients pre-
senting with a higher number of ostomies, an 
incontinent bladder, and a definitive colos-
tomy were all independent predictors of poor 
postoperative quality of life. Other reports 
demonstrated that older patients (> 60 years) 
were significantly associated with poorer 
quality of life, physical scores, and social func-
tioning. Vaginal reconstruction was associated 
with an increased quality of life score [13].

Three reports investigated predictors of post-
operative quality of life in patients undergoing 
pelvic exenteration due to rectal malignancies. 
Choy et al. investigated if preoperative quality 
of life, age, gender, bony resection, margin sta-
tus, extent of exenteration, and American 
Society of Anesthesiologists (ASA) scores pre-
dicted quality of life scores 12 months after pel-
vic exenteration in 93 patients  [17]. A higher 
preoperative quality of life score was associ-
ated with better postoperative quality of life, 
whereas female gender and having a bony 
resection as part of pelvic exenteration were 
significant predictors of poor quality of life at 
12 months. Austin et  al. reported that male 

patients had significantly better mental health 
scores on the SF-36 survey [16].

Pellino et al. investigated if age, gender, mul-
timodal therapy, complications, and margin 
status were predictors of poor quality of life 
scores [22]. The multivariate analysis indicated 
that patients that had an R2  margin status 
were three times more likely to have worst 
quality of life scores postoperative when com-
pared to patients that presented with an R0/
R1 margin status. Earlier, Austin et al. had also 
suggested that margin status was a predictor of 
quality of life, reporting that patients with an 
R0 resection margin presented better physical 
component scores on the SF-36 survey [16].

To date, only a limited number of studies 
have investigated if patients’ demographics and 
clinical characteristics were predictors of post-
operative quality of life. However, most of the 
significant predictors found to influence  post-
operative quality of life were non-modifiable, 
such as gender and bony resection. Therefore 
we should perhaps focus on factors that are 
modifiable, such as resection margin and base-
line quality of life scores. At this point in time, 
interventions investigating strategies to improve 
preoperative quality of life and precision of 
resection margin (R0) as a means to improve 
postoperative quality of life are warranted.

­Patient-Reported Outcome 
Measures Following Pelvic 
Exenteration

Pain is a common complaint in the periopera-
tive period among patients undergoing pelvic 
exenteration, although this has been very 
poorly investigated  [5, 20]. There are only a 
few studies assessing pain symptoms in 
patients undergoing pelvic exenteration. 
Young et  al. investigated the course of pain 
symptom in patients presenting with mixed 
malignancies over the period of 12 months [2]. 
Patients presented with a moderate level of 
pain at the preoperative assessment and not 
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much change occurred during the first month 
postoperatively. After the first month postop-
eratively, pain decreased significantly to 
approximately 50% of the preoperative value 
by 12 months. However, in another report 
involving patients undergoing pelvic exenter-
ation due to gynecological malignancies, 
pain did not change from preoperative to 3, 6, 
and 12 months postoperative, with patients 
reporting a constant lower level of pain [14]. 
In another study by You et  al. looking at 
patients with recurrent rectal cancers, moder-
ate to high pain scores were found in long-
term survivors even in the absence of further 
disease recurrence. Importantly, patients 
found to have moderate or more pain were 
also found to have worse long-term survival 
compared to patients reporting less severe 
pain at presentation [4].

A recent study by Lim et  al.  [5] addressed 
pain in exenteration patients specifically and 
also looked at perioperative pain management 
issues in this cohort of patients. In this retro-
spective study of 99 patients undergoing pelvic 
exenteration, a third of patients were found to 
have significant pain prior to surgery. Patients 
on preoperative opiates also had more chal-
lenging pain management postoperatively, 
with higher pain scores, longer lengths of 
stays, higher postoperative opiate consump-
tion, and higher requirements for pain special-
ist review. The need for opiate-sparing regimes 
would seem preferable in these patients. In 
combination, what these studies suggest is the 
need for better pain management and this has 
implications for cancer survivorship.

Patients undergoing pelvic exenteration pre-
sent a clinically important level of distress at the 
preoperative assessment. Psychological support 
during the preoperative period and early in the 
postoperative period should be implemented as 
part of a pelvic exenteration multidisciplinary 
team. Young et al. investigated the level of dis-
tress throughout 12 months using the distress 
thermometer  [2]. Although preoperative dis-
tress levels were high, they decreased slightly 
over the 12 months study period.

­Future Directions

Research involving quality of life following 
pelvic exenteration is in its infancy, due to 
not only the small number of prospective 
studies published to date, but also underpow-
ered studies with small sample sizes. Despite 
the overall survival rate for patients undergo-
ing pelvic exenteration having increased 
since the 1990s, studies aiming to collect 
long-term quality of life outcomes struggle to 
follow a reasonable number of patients, due 
to patients lost to follow-up, withdrawn con-
sent, and death. Steffens et al. report on one 
of the largest prospective cohort studies 
investigating long-term follow-up including 
quality of life outcomes  [28]. Of the 287 
patients that consented to the study preoper-
atively, only 33% were successfully followed 
at five years postoperatively, due to 114 
deaths, 57  missing data or withdrawn con-
sent, and 88 patients that did not reach the 
five-year time-point. Therefore it may take 
some time for us to have some in-depth long-
term results. Furthermore, this study only 
presented data from survivors and methods 
of data imputation should be considered in 
future investigations.

Most studies conducted thus far use a generic 
quality of life instrument. Therefore it is also 
clear that a more specific measure of quality of 
life is needed for patients presenting with 
locally advanced or recurrent cancer confined 
to the pelvis, including gynecological, rectal, 
and urological neoplasms. Recently, a specific 
quality of life questionnaire for patients pre-
senting with locally advanced recurrent rectal 
cancer was proposed, and it is currently being 
piloted in the UK and Australia  [6]. This 
instrument will be available in the coming 
years. It is urged that other research centers 
start developing other quality of life measures 
that are specific to their population of interest. 
However, it is also suggested that a validated 
and reliable generic quality of life instrument 
is used in pelvic exenteration research, such as 
the SF-36 and the EQ-5D instruments. This not 
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only will provide reliable quality of life infor-
mation of the studied population but also 
would allow for meaningful comparisons with 
other patient groups, such as patients undergo-
ing pelvic exenteration due to gynecological, 
rectal, or urological malignancies or other 
types of cancer surgery.

In addition, researchers are urged to investigate 
potential modifiable factors that would influence 
short- and long-term quality of life outcomes, 
such as pain, nutrition, and physical fitness man-
agement, as well as prospective psych-oncologi-
cal intervention where future target interventions 
may result in better quality of life.
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Background

Exenteration is an ultra-major surgery that 
involves radical en-bloc resection of all pelvic 
organs including the rectum, sigmoid colon, 
distal ureter, urinary bladder, internal repro-
ductive organs, regional lymph nodes, and pel-
vic peritoneum. In order to achieve negative 
margin (R0 resection), soft tissues, neurovas-
cular bundles, and even bony structures in the 
proximity may need to be resected. In the 
setting of recurrent disease, achieving an R0 
resection can be technically challenging due to 
prior distorted anatomy and fibrosis from prior 
interventions. As a result, R0 resection was 
only about 50–60% even in highly specialized 
centers [1] and therefore adjuvant therapy rep-
resents a rational approach to eradicate poten-
tial microscopic residual disease.

This chapter aims to review the most up-to-
date available evidence for adjuvant therapy 
following pelvic exenteration for colorectal 
cancer.

Adjuvant Therapy

In the modern era, approximately 6–10% of 
patients with rectal cancer have locally 
advanced disease without metastasis at the 

time of diagnosis. The number of patients is 
relatively small to support multiple adequately 
powered phase III randomized controlled 
studies. Thus, the evidence for adjuvant ther-
apy after pelvic exenteration has largely been 
generated from retrospective analysis of sin-
gle-center cohorts until recently. In the report 
by Kusters et al., the role of adjuvant chemo-
therapy after exenteration was studied retro-
spectively in 95 patients with T4 rectal 
cancer  [2]. All patients received neoadjuvant 
chemotherapy ± radiotherapy followed by rad-
ical surgery. A high R0 resection rate of 87% 
was reported with favorable long-term out-
comes: five-year local recurrence rate of 17%, 
distant metastasis rate of 16%, and overall sur-
vival (OS) rate of 62%. Postoperative chemo-
therapy was given to 33% of patients and 
omission of adjuvant chemotherapy was the 
only factor associated with death on multivari-
able analysis. The five-year OS were 80% vs. 
53% (p = 0.016) in patients who were and were 
not given adjuvant therapy respectively. 
Although the number of patients was small 
and details of chemotherapy missing, the 
results did support the consideration of adju-
vant chemotherapy post exenteration.

Bhangu et al. compared the outcomes of 100 
patients following exenteration for locally 
advanced rectal cancer (LARC) and locally 
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recurrent rectal cancer (LRRC) [3]. Rates of R0 
resection were significantly higher in cases of 
LARC than in LRRC (91% vs. 62%; p = 0.001). 
Patients with LRRC may have higher risk of 
distant relapse after exenteration despite R0 
resection as the disease-free survival (DFS), 
but not the local relapse-free survival, was 
numerically higher in patients with LARC 
than LRRC (76% vs. 57%; p = 0.212). Similarly, 
Nielsen et  al. reported higher R0 rate and 
improved five-year survival in LARC than 
LRRC  [4]. Besides the chronicity of disease 
presentation, lymph node involvement was 
associated with significantly decreased OS 
(p = 0.03) and relapse-free survival (p = 0.01) 
in a Japanese series of 93 patients from 1975 to 
2005 [5]. Therefore it has been proposed that 
chemotherapy treatment in the pre- and post-
operative setting of pelvic exenteration should 
be considered for patients with lymph node 
involvement. Currently, the main limitation 
regarding the assessment of outcomes follow-
ing pelvic exenteration is the relative paucity 
of prospective data, in particular the lack of 
evidence regarding adjuvant therapy.

However, in current practice, adjuvant chem-
otherapy is recommended in a stage-directed 
manner by major international guidelines irre-
spective of whether neoadjuvant therapy has 
been given [6, 7]. Indeed, only a few studies and 
meta-analyses suggest a benefit of adjuvant 
5-FU (fluorouracil)-based chemotherapy in 
terms of DFS and OS after surgery alone for rec-
tal cancer, with a magnitude of benefit that is 
relatively smaller than that of colon cancer [8]. 
The QUASAR trial demonstrated a 3.6% abso-
lute improvement in OS at five years with adju-
vant chemotherapy and recommended adjuvant 
chemotherapy for all patients with stage II rectal 
cancer after surgery [9]. However, these results 
may not be directly applicable to those contem-
porary patients who undergo total mesorectal 
excision (TME) with or without neoadjuvant 
therapy. Moreover, following neoadjuvant radi-
otherapy with or without chemotherapy, the 
benefit of 5-FU alone postoperatively has not 
been demonstrated [10–14].

The I-CNR-RT study enrolled 655 patients 
with clinically T3–4N ± disease to observation 
alone or adjuvant 5-FU/LV (leucovorin) after 
neoadjuvant chemoradiotherapy and surgery, 
but it failed to show any benefit with adjuvant 
therapy in the overall population and in the 
subgroup analysis  [10]. The PROCTOR-
SCRIPT study by the Dutch Colorectal Cancer 
Group was another negative study that com-
pared observation vs. adjuvant 5FU or capecit-
abine [11]. Although the EORTC 22921 study 
suggested a potential benefit of adjuvant 5FU 
in patients who could be downstaged to ypT0–2 
after initial neoadjuvant chemoradiotherapy, 
the benefit was not confirmed after a median 
follow-up of 10.4 years  [12]. Nevertheless, in 
the absence of any concluding data from a 
large prospective study, any downstaging 
resulting from neoadjuvant chemoradiother-
apy should be regarded as prognostic of out-
comes rather than being predictive of the 
benefit from adjuvant therapy.

Oxaliplatin improves the DFS and OS in stage 
III colon cancer, but its role in patients with rec-
tal cancer after neoadjuvant chemoradiotherapy 
is not clearly defined. Attempts have then been 
made to evaluate the benefit of adding oxalipl-
atin to adjuvant 5-FU-based chemotherapy in 
rectal cancer. The CHRONICLE study which 
compared observation vs. XELOX was closed 
prematurely due to slow accrual [13]. Although 
numerical improvement was observed, the 
study was underpowered for demonstrating any 
significant DFS or OS in the 113 randomized 
patients. A meta-analysis of individual patient 
data from the I-CNR-RT, PROCTOR-SCRIPT, 
CHRONICLE, and EORTC 22921 studies con-
cluded that adjuvant fluoropyrimidine-based 
therapy did not improve OS, DFS, or distant 
recurrence  [14]. However, patients with upper 
rectal tumor at 10–15 cm from the anal verge 
may benefit in terms of DFS and distant recur-
rence. While the jury is still out on the role of 
adjuvant oxaliplatin, the phase II ADORE study 
compared patients who received neoadjuvant 
chemoradiotherapy to adjuvant 5FU/LV or 
FOLFOX. After a median follow-up of 
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38 months, three-year DFS was 71.6% in the 
FOLFOX group compared with 62.9% in the 
5FU/LV group (HR 0.657, 95% CI 0.434–0.994, 
p = 0.047), suggesting the benefit for combina-
tion therapy in this setting. The result can be 
regarded as hypothesis-generating and further 
confirmatory phase III studies are eagerly 
awaited.

In short, definitive evidence for adjuvant 
therapy in resected rectal cancer, especially for 
those who have received prior neoadjuvant 
chemoradiotherapy, is lacking and the use of 
adjuvant chemotherapy is generally an extrapo-
lation of evidence from that of resected colon 
cancer. With regard to patients who have under-
gone exenteration, the evidence is even less 

robust as the number of patients with T4 dis-
ease or exenteration performed was small in the 
landmark studies (Table 21.1). In addition, the 
potential benefit of adjuvant chemotherapy in 
those patients who can be downstaged with 
neoadjuvant chemoradiotherapy is apparently 
irrelevant for those who are still judged to 
require exenteration. Compliance is another 
challenging issue since as many as a quarter of 
patients in these landmark studies never started 
adjuvant treatment despite being randomized. 
For patients after exenteration the compliance 
will likely be lower as a result of prolonged 
recovery from the major surgery. Nevertheless, 
the benefit of combination chemotherapy was 
statistically significant and clinically relevant in 

Table 21.1  Landmark studies of adjuvant chemotherapy in rectal cancer after neoadjuvant 
chemoradiotherapy.

I-CNR-RT10

(n = 655)

PROCTOR-
SCRIPT11

(n = 470)

EORTC12 
22 921
(n = 1101)

CHRONICLE13

(n = 113)
ADORE15

(n = 321)

Phase III III III III II

Year of enrolment 1992–2001 2000–2013 1993–2003 2004–2008 2008–2012

Treatment Observation 
vs. 5FU/LV

Observation 
vs. 5FU/ LV 
or 
capecitabine

Preoperative 
RT +/− chemo 
followed by 
observation vs. 
postoperative 
5FU/ LV

Observation 
vs. XELOX

5FU/LV vs. 
FOLFOX

T4 disease 13.9% 81.9%1 10.0% 6.8% 4% with 5FU/
LV and 2% 
with FOLFOX

Exenteration 0% 0% NR NR 0%

Study endpoints OS OS OS DFS DFS

Benefit of 
adjuvant 
chemotherapy

NS NS NS NS 71.6 vs. 62.9%2

Compliance to 
adjuvant 
chemotherapy

28% never 
started; 58.4% 
received 
three to six 
cycles

4.6% never 
started; 73.6% 
completed all 
cycles

26.9% never 
started; 42.9% 
completed 
without delay 
(95–105% 
planned dose)

7% never 
started; 
48.1% 
completed 
all cycles

95% with 5FU/
LV and 97% 
with FOLFOX 
completed all 
cycles

5FU/LV, 5-Fluorouracil/leucovorin; RT, radiotherapy; Chemo, chemotherapy; NR, not reported; OS, overall 
survival; DFS, disease-free survival; NS, non-significant.
1 Stage III disease.
2 Statistically significant.
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the ADORE study, which reported excellent 
compliance of 95–97% in both study arms. 
Given the high risk of disease recurrence and 
less favorable prognosis of patients undergoing 
exenteration, it is reasonable to pursue adjuvant 
chemotherapy with a combination regimen in 
those who are fit and willing to comply to treat-
ment for the maximal benefit.

Novel Agents

Antibodies against vascular endothelial growth 
factor (VEGF) and epithelial growth factor 
receptor (EGFR) are the standard of care for 
metastatic colorectal cancer in addition to the 
conventional chemotherapy backbone  [6, 7]. 
Various multicenter phase III randomized 
studies have been performed to compare adju-
vant chemotherapy with or without targeted 
therapy, but results have been disappointing. 
The NSABP C-08 study failed to show the 
benefit of adjuvant bevacizumab in the 2672 
randomized patients with colon cancer, but 
suggested a time-dependent effect of bevaci-
zumab in addition to oxaliplatin-based chemo-
therapy  [16]. There was a strong effect of 
bevacizumab on DFS before, but not beyond, 
the 15-month landmark (HR 0.61, 95% CI 
0.48–0.78, p < 0.001). Similarly, DFS was not 
improved in the subsequent AVANT study 
with the addition of bevacizumab in 3451 ran-
domized patients  [17]. Furthermore, the data 
suggested a potential detrimental effect on OS. 
More recently, the QUASAR II study echoed 
the results of the NSABP C-08 and the AVANT 
study in terms of both DFS and OS [18]. The 
findings that higher expression of free CD31 
correlated with superior five-year DFS was 
intriguing, but its application remains elusive. 
With regard to anti-EGFR monoclonal anti-
bodies in the adjuvant setting, both the NCCTG 
N-0147 [19] and PETACC-08 [20] studies failed 
to demonstrate improvement in DFS with 
cetuximab even in KRAS wild-type patients. A 
meta-analysis by Kim et al. concluded that the 
addition of targeted agents (both anti-VEGF 

and anti-EGFR) to standard adjuvant chemo-
therapy resulted in no improvement of DFS 
but an increased risk of severe adverse events 
and treatment-related death  [21]. Although 
most of the above studies recruited colon can-
cer only and may not be directly applicable to 
rectal cancer with exenteration, most centers 
include targeted agents in the adjuvant setting 
following pelvic exenteration when patients 
are recruited to clinical trials.

Recognizing how tumor cells evade immune 
clearance by the host (“immune escape”) 
has  been increasingly researched  [22]. 
Programmed-death-1 (PD-1) is a 55-kD type I 
transmembrane protein primarily expressed 
on activated T-cells, B-cells, myeloid cells, and 
antigen-presenting cells [23]. Binding of PD-1 
to its ligands, PD-L1 and PD-L2, has been 
shown to downregulate T-cell activation in 
both murine and human systems, leading to 
suppression of immune surveillance and 
cancer development  [24‑27]. Pembrolizumab 
and nivolumab are examples of monoclonal 
antibody against the PD-1 molecule, while ate-
zolizumab, durvalumab, and avelumab are 
anti-PD-L1 monoclonal antibodies. Currently, 
nivolumab and pembrolizumab are indicated 
for microsatellite instability high or mismatch 
repair protein-deficient refractory tumors 
which account for about 5% of metastatic colo-
rectal cancer [6, 28]. Initial clinical studies for 
nivolumab and pembrolizumab have shown an 
objective response rate of ~ 30% and durable 
disease control in heavily pretreated microsat-
ellite instability high or mismatch repair pro-
tein-deficient metastatic colorectal cancer [29, 
30]. Preclinical studies have shown that radio-
therapy can sensitize tumor cells to immune 
checkpoint inhibitors by recruiting antitumor 
T-cells into the tumor  [31]. Ongoing studies 
are  evaluating the role of pembrolizumab 
(NCT02921256), atezolizumab (NCT03127007), 
and avelumab (NCT03854799) in concurrent 
with neoadjuvant chemoradiotherapy, and 
nivolumab (NCT02948348) and avelumab 
(NCT03299660) as sequential therapy to neo-
adjuvant chemoradiotherapy (Table  21.2). 
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The results of these studies are eagerly awaited 
and further effort is mandated to fully unleash 
the power of our own immune system.

Radiotherapy

Pelvic radiotherapy with or without concur-
rent chemotherapy is an essential component 
for successful management of rectal cancer. 
Pelvic radiotherapy is given with 3D conformal 
technique or intensity-modulated radiother-
apy with maneuver to reduce the volume given 
to the small bowel in the pelvis. Figure  21.1 
shows the typical 3D conformal radiotherapy 
plan with the patient lying prone on a belly 
board for neoadjuvant treatment of rectal 
cancer. In the past decades, the pendulum of 
giving radiotherapy has swung from postoper-
ative to preoperative. The first individual 
patient data meta-analysis of adjuvant radio-
therapy for primary rectal cancer included 
8507 patients from 22 randomized trials 
which  showed lower risk of local recurrence 
(p  =  0.00001) and death from rectal cancer 
(p  =  0.0003) with neoadjuvant radiotherapy 
than surgery alone despite similar rates of 
apparently curative resection  [32]. On the 
other hand, adjuvant radiotherapy improved 
local control but did not reduce the risk of 
death from rectal cancer significantly. Since 
the publication of the German CAO/ARO/

AIO-94 study [33], neoadjuvant treatment has 
been the preferred option for those patients in 
whom chemoradiotherapy is deemed neces-
sary. Indeed, neoadjuvant radiotherapy for all-
comers is superior to adjuvant therapy for 
patients who are selected as a result of positive 
circumferential resection margin [34]. Results 
from meta-analysis involving 3363 patients in 
16 studies reported that pathological complete 
response following neoadjuvant chemoradio-
therapy is a good prognostic maker with less 
local recurrence (OR 0.25, p  =  0.002), fewer 
distant metastasis (OR 0.23, p < 0.001), and 
improved survival (OR 3.28, p = 0.001) [35].

In general, radiotherapy with or without 
chemotherapy should be given in the neoadju-
vant manner for primary LARC, but this is dis-
cussed elsewhere (see Chapter 4). The role of 
radiotherapy in the setting of LRRC is more 
controversial [36–39].

The outcomes of patients with R1/2 resec-
tion are almost as poor as patients with meta-
static disease, but there is debate as to the 
benefit of intraoperative radiotherapy (IORT) 
when margins are close and service/expertise is 
available. IORT is the delivery of irradiation at 
the time of operation. This is performed with 
different techniques including intraoperative 
electron beam and high-dose-rate brachyther-
apy. IORT allows high dose of radiation to be 
delivered to the site at risk and at the same 
time  avoid surrounding dose-limiting critical 

Table 21.2  Ongoing clinical trials of immune checkpoint inhibitors in locoregionally advanced 
rectal cancer.

http://clinicaltrials.
gov identifier ICB Phase

Timing with 
CRT

Include cT4 
disease Primary objectives

NCT02948348 Nivolumab Ib/II Sequential Yes pCR rate

NCT03127007 Atezolizumab Ib/II Concurrent Yes pCR rate and AE rate

NCT02921256 Pembrolizumab 
and Veliparib

II Concurrent Yes Change in NAR score

NCT03854799 Avelumab II Concurrent Yes pCR rate

NCT03299660 Avelumab II Sequential Yes Pathological RR

ICB, Immune checkpoint inhibitor; CRT, chemoradiotherapy; pCR, pathologic complete response; AE, adverse 
event; NAR score, neoadjuvant rectal score; RR, response rate.



(a)

(b)

(c)

Figure 21.1  Three-dimensional conformal radiotherapy plan with belly board with target volumes and 
isodose lines. (a) Axial; (b) coronal; (c) sagittal; (d) 3D beam arrangement.
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structures. These advantages potentially trans-
late into improved local tumor control and 
reduced complication. Alberda et al. analyzed 
retrospectively 91 patients with circumferen-
tial resection margin  2 mm in which those 
with macroscopically involved margins were 
not included [40]. The clinical benefit of IORT 
was restricted to those with microscopically 
involved circumferential resection margin but 
not in those with close margin. The procedure 
was also safe without significant increase in 
complication rate. In another retrospective 
series, Hyngstrom et  al. reported excellent 
outcomes with IORT for both LARC and 
LRRC  [41]. IORT was delivered with high-
dose-rate brachytherapy at a median of 12.5 Gy. 
The five-year local control was 94 and 56% for 
LARC and LRRC respectively. A small prospec-
tive study of IORT was performed at the Peter 

MacCallum Cancer Centre which demon-
strated a 2.5-year local control of 68% and grade 
3/4 toxicities of 37% [42]. Similarly, IORT with 
orthovoltage was reported by Daly et al. in 55 
patients with 61 recurrent sites who achieved a 
respectable two-year local control rate of 
69% [43]. Due to the dosimetric advantages of 
IORT, it has also been evaluated as modality for 
re-irradiation. Pezner et al. reviewed 15 patients 
with pelvic recurrence within the previously 
irradiated regions [44]. Half of the patients had 
undergone exenteration and IORT dose was 
15–20 Gy. The three-year local control rate was 
just 25% for the overall population but reached 
42% for patients with less extensive recurrent 
disease (non-fixed transmural recurrence, iso-
lated pelvic node metastasis, and rectal recur-
rence following local excision). Proton therapy 
is another area of active research, but studies in 

(d)

Figure 21.1  (Continued)
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rectal cancer are mostly on feasibility and 
dosimetry at present [45–47].

Future Directions

Adjuvant management of rectal cancers that 
require exenteration is a great clinical challenge 

and controversies exist in various aspects due 
to the paucity of high-quality data. When 
deciding on the adjuvant therapy for exentera-
tion, the classification of LARC and LRRC is 
essential as it provides useful guidance for 
when and what additional treatment should be 
given. Figure  21.2 is the proposed treatment 
algorithm.
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Background

Pelvic exenteration is offered in only selective 
cases of gynecological malignancy, usually in 
the setting of centrally recurrent pelvic disease 
post pelvic radiation. In most instances the 
surgery is performed with curative intent and 
the aim to achieve complete gross resection 
with negative surgical margins. In a large 
series of 75 patients undergoing pelvic exen-
teration for gynecological cancers (cervical [1], 
vaginal  [2], and uterine  [3] cancers) Berek 
et  al.  [4] reported survival for patients with 
cervical and vaginal cancer as 73% at one year 
and 57% at three years. Survival for patients 
with uterine cancer was 86% at one year and 
62% at three years. Survival for patients who 
underwent exenteration with negative mar-
gins was 81% at one year and 64% at three 
years, while those with positive margins had a 
poor survival of 25% at one year and 0% at 
three years  [4]. Similarly, a series from the 
Memorial Sloan-Kettering Cancer Center 
showed that no patients with positive margins 
at extended pelvic resection were alive at 
five years [5]. This underscores the importance 
of careful patient selection and limiting poten-
tially morbid exenteration to those patients 
who will derive survival benefit as a result of 
complete resection.

Despite careful patient selection and 
advances in surgical techniques, recurrence 
occurs in 35–50% of cases [5, 6] and the five-
year survival post pelvic exenteration for vari-
ous indications ranges from 20 to 73%  [5, 
7–10]. These figures suggest that a significant 
proportion of patients may benefit from adju-
vant therapy after pelvic exenteration to reduce 
the risk of recurrence or treat recurrent 
disease.

In a US series, the authors assessed the utili-
zation of adjuvant chemotherapy in 42 patients 
undergoing pelvic exenteration for gynecologi-
cal malignancy. In this series all patients had a 
complete gross (R0) resection. However, 26% 
were referred for adjuvant chemotherapy 
because of adverse or high-risk pathological 
features. The study demonstrated that adju-
vant systemic therapy was feasible in patients 
post pelvic exenteration; 88% of those under-
going chemotherapy completing at least four 
cycles and the median interval from pelvic 
exenteration to initiation of chemotherapy 
was  71 days. Three out of the eight patients 
who had systemic therapy post exenteration 
recurred – all recurring in the pelvis. The 
three-year progression-free survival (PFS) and 
overall survival (OS) were 58 and 54% respec-
tively  [3]. Despite chemotherapy, recurrence 
after pelvic exenteration remains a significant 
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therapeutic challenge because chemotherapy 
may be less effective in previously irradiated 
tissue. In many patients, targeted therapies 
may be explored either as stand-alone treat-
ments or in combination with chemotherapy.

This chapter explores the role of adjuvant 
chemotherapy and options for targeted thera-
pies for patients who recur post pelvic exen-
teration for gynecological malignancies or in 
whom therapy may be utilized because of a 
high risk of recurrence.

Cervical Cancer

Patients with early-stage cervical cancer are 
treated with radical surgery and/or chemoradi-
otherapy depending on disease volume, tumor 
characteristics, and/or patient risk characteris-
tics. Adjuvant radiotherapy is delivered to those 
with risk factors for recurrence including posi-
tive resection margins, parametrial involve-
ment, or node-positive disease  [11]. Adjuvant 
radiation is also prescribed to those who meet 
intermediate-risk clinicopathological criteria 
based on presence of lymphovascular invasion 
(LVI), tumor size, and extent of cervical stromal 
invasion (Gynecologic Oncology Group (GOG) 
score/Sedlis’ criteria). The risk of recurrence 
and death in the presence of these factors is up 
to 30% after surgery alone  [12, 13]. Adjuvant 
radiotherapy reduces the risk of progression by 
40% [11]. Locally advanced disease, node-posi-
tive disease, and bulky tumors are treated with 
primary chemoradiotherapy (weekly tissue 
sensitizing cisplatin and pelvic radiation deliv-
ered with external beam and brachytherapy). 
Surgery in these patients is unlikely to be cura-
tive. The role of hysterectomy after primary 
chemoradiotherapy is not well defined, with a 
lack of evidence showing that this improves 
survival.

Patients with high-risk disease such as 
those treated with adjuvant radiation after sur-
gery or primary chemoradiotherapy undergo 
close  surveillance after treatment; the main 
goal of this is to aid early detection of pelvic 

recurrence that may be amenable to salvage 
with pelvic exenteration. Patients with partial 
response to primary chemoradiotherapy and 
those with evidence of recurrence on follow-up 
of cervical cancer may be candidates for pelvic 
exenteration. Criteria used to help identify 
ideal patients are those with a central pelvic 
recurrence without sidewall fixation or associ-
ated hydronephrosis. In addition, those with a 
long disease-free interval and recurrences of 
less than 3 cm in diameter are also favorable. 
Patients who develop para-aortic nodal or dis-
tant metastatic disease are not suitable for 
exenteration surgery.

Five-year survival post pelvic exenteration 
for recurrent cervical cancer in selected 
patients ranges from 30 to 40% [14, 15]. In more 
contemporary series, five-year OS rates of up to 
50% are reported [2]. Given that these patients 
have all had high-dose pelvic radiation prior to 
exenteration, further adjuvant pelvic radiation 
is not appropriate. While intraoperative radio-
therapy (IORT) requires further investigation, 
there may be a role in patients having surgery 
for locally recurrent cervical cancer. Barney 
et  al.  [16] assessed 73 patients with locally 
recurrent cervical cancer that received IORT 
following pelvic exenteration or sidewall resec-
tion and showed a three-year cancer-specific 
survival (CSS) and OS of 31 and 25% respec-
tively. In another series of 36 patients with 
recurrent disease treated with IORT, the 
10-year in-field control rate was 46% [17].

As outlined above, systemic chemotherapy 
may be utilized post exenteration for recurrent 
cervical cancer if negative margins are not 
achieved; however, this would be deemed a 
failure to achieve curative intent. Systemic 
chemotherapy is also offered to those patients 
who have previously been treated with radia-
tion and are not candidates for surgical resec-
tion. Patients who develop recurrent or 
metastatic disease following pelvic exentera-
tion are managed depending on location and 
extent of metastatic disease.

For patients with isolated or limited meta-
static disease in a radiation naïve region 
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(isolated para-aortic node, solitary lung nod-
ule), treatment can be focally directed to the 
site of disease with radiation therapy, and in 
selected cases patients could be considered 
for surgical (oligometastatic) resection  [18]. 
Otherwise, the mainstay of treatment for met-
astatic disease remains platinum-based com-
bination chemotherapy with anti-angiogenic 
vascular endothelial growth factor (VEGF-A) 
inhibitor (bevacizumab). Meta-analysis of 
five randomized trials assessing 1114 partici-
pants revealed significantly lower response 
rates in the group that received cisplatin 
alone compared to the group that received 
combination chemotherapy (relative risk 
[RR] = 0.60, 95% CI 0.44–0.81) [19]. Women 
who have received prior chemotherapy also 
have a lower response rate compared to 
chemotherapy naïve patients. The GOG 240 
trial [20] randomized women with metastatic, 
persistent, or recurrent cervical cancer to 
chemotherapy with or without bevacizumab 
and observed a significant improvement in 
overall response rate (ORR), PFS (HR 0.68), 
and OS (HR 0.77) with the addition of bevaci-
zumab to chemotherapy. However, the addi-
tion of bevacizumab was associated with a 
higher rate of complications. The same 
trial  compared two chemotherapy combina-
tions and noted that cisplatin and paclitaxel 
was superior to topotecan and paclitaxel. 
Carboplatin is a reasonable substitute for 
cisplatin, particularly for patients with medi-
cal comorbidities (e.g. pre-existing renal fail-
ure) and those patients previously treated 
with  cisplatin-based chemoradiation  [21]. 
Currently, there is no standard second-line 
systemic therapy for advanced cervical can-
cer. Patients should be considered for clinical 
trials whenever feasible, including the use of 
novel targeted agents and immunotherapy 
like pembrolizumab (a programed cell death 
ligand 1 (PD L1) inhibitor). Alternatively, sev-
eral biological agents are currently in devel-
opment, aiming at inhibiting angiogenesis, 
targeting epidermal growth factor receptor 
(EGFR), cell cycle, histone deacetylases, 

cyclooxygenase-2 (COX-2), or mammalian 
target of rapamycin (mTOR) [22].

Vaginal Cancer

The treatment paradigm for vaginal cancers is 
similar to that of cervical cancers. At diagnosis, 
patients with small stage I tumors may be 
treated with surgical excision; however, larger 
tumors (stage II–IV) are treated with primary 
chemoradiotherapy. Central recurrence follow-
ing chemoradiotherapy can be considered for 
pelvic exenteration on a case-by-case basis. 
Adjuvant therapy follows protocols as per 
recurrent/metastatic cervical cancer.

Vulval Cancer

Vulval cancer often stays confined to the pelvis 
until advanced stages. Less than 10% of vulval 
cancers are stage III–IV at diagnosis, in devel-
oped countries [23]. Whether patients are man-
aged with upfront surgery ± adjuvant therapy 
or have primary non-surgical treatment 
depends on the stage of the disease and patient-
related factors. In patients with involvement of 
the urethra or anus, fixed inguinofemoral 
nodes, or pelvic lymphadenopathy, or the medi-
cally frail, chemoradiotherapy is the preferred 
approach. Primary chemoradiotherapy achieves 
complete remission in one-third of cases, and in 
those women who respond partially, survival is 
improved if the residual disease can be surgi-
cally excised. Primary pelvic exenteration may 
be considered in rare cases of vulval cancer pre-
senting with extensive involvement of the rec-
tum or bladder, in women presenting with 
locally advanced vulval cancers where radiation 
therapy is contraindicated, or in selected cases 
of localized recurrence following radiotherapy.

Unfortunately, there are few studies directly 
comparing chemoradiotherapy to pelvic exen-
teration surgery in advanced or recurrent vul-
val cancer. Forner and Lampe [24] presented 
a retrospective review of 27 cases of stage III 
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or stage IV vulval cancer undergoing exenter-
ation, of which 9 resections were for primary 
disease and 18 for recurrent disease. In their 
cohort the five-year survival rate for primary 
and recurrent disease after exenteration was 
67 and 59% respectively. Another study on 
pelvic exenteration for recurrent vulval can-
cer found that almost 70% of patients had fur-
ther recurrence and all were in the pelvis [25]. 
This underscores the importance of nodal 
assessment prior to attempted exenteration 
for recurrent vulval cancers.

In those patients who undergo primary 
surgery, adjuvant chemoradiotherapy is indi-
cated for those with close (< 8 mm) or positive 
margins, particularly if re-excision of margins 
is not feasible. Lymph-node-positive patients 
benefit from chemoradiotherapy in terms 
of  PFS but not OS when compared to those 
who just receive adjuvant chemotherapy [26]. 
Chemoradiotherapy in the adjuvant setting 
consists of weekly cisplatin 40 mg/m2 concur-
rently with radiation. Patients with stage IVB 
disease at presentation or those with recur-
rent disease involving other adjacent pelvic 
organs are offered systemic therapy with 
carboplatin and paclitaxel (evidence largely 
extrapolated from metastatic cervical cancer). 
For patients who progress after first-line 
chemotherapy, treatment options also mirror 
those for women with metastatic cervical 
cancer.

Endometrial Cancer

A National Cancer Database series [27] exam-
ined the outcomes of 652 women with uterine 
malignancy undergoing pelvic exenteration 
and found that women with positive lymph 
nodes or presence of distant disease at time of 
diagnosis had poorer outcomes post exentera-
tion compared with women without these fea-
tures. The authors suggest that women with 
positive lymph nodes should be counseled 
before undergoing exenteration as it is unlikely 
to increase their long-term survival. Recurrent 

endometrial cancer is relatively uncommon 
and rarely presents with isolated pelvis dis-
ease. In the small group that have central pel-
vic recurrence post primary surgery or post 
radiotherapy, a pelvic exenteration could be 
considered.

The endometrial cancer population is gen-
erally older and more comorbid compared to 
patients being considered for pelvic exentera-
tion for cervical cancer and this must be con-
sidered when counseling patients. Even in 
expert centers, the morbidity of such proce-
dures is high, reported at 30–80%, and OS 
poor, at 14–45%.  [28–30]. In a series of 44 
patients with recurrent endometrial cancer 
undergoing pelvic exenteration, 80% had 
major postoperative complication and only 
20% achieved long-term disease control (more 
than five years)  [31]. In a carefully selected 
cohort with contemporary preoperative imag-
ing, Schmidt et  al.  [30] achieved a five-year 
survival rate of 61%. Similarly, Chiantera 
et al. [32] reported a complete resection rate of 
86% and OS of 60%.

In the setting of positive margins post 
exenteration, radiotherapy may be indicated 
in  patients who have previously not been 
exposed to pelvic radiation. Re-irradiation of a 
previously irradiated field is possible, espe-
cially with the utilization of specialized tai-
lored radiotherapy techniques such as 
intensity-modulated radiation therapy (IMRT). 
Some units have assessed the role of IORT in 
combination with extended surgical resection 
for recurrent endometrial cancer  [33]; how-
ever, this multimodality aggressive surgical 
approach requires further investigation. In 
patients with high risk features such as pelvic 
recurrences (vs. isolated vaginal recurrence), 
incomplete resection, LVI, high tumor grade, 
and in those in whom pelvic radiation has 
already been utilized, systemic adjuvant ther-
apy is warranted. The choice between chemo-
therapy and endocrine therapy is determined 
by patient performance status, previous adju-
vant treatment, and the histologic and molecu-
lar features of the tumor.
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Unfortunately, the efficacy of systemic and 
endocrine therapies in recurrent endometrial 
cancer is limited. Single-agent chemotherapy 
with cisplatin, paclitaxel, or doxorubicin has 
shown overall response rates in the order of 
20–30%, with few patients achieving complete 
response  [34–36]. Response rates with multi-
agent chemotherapy range from 10 to 45% but 
are associated with significant toxicity and PFS 
of approximately six months  [37–42]. GOG 
209  [43] compared cisplatin-based triplet 
chemotherapy regimens with carboplatin plus 
paclitaxel and found the doublet therapy to be 
non-inferior to the more toxic triplet. The 
three-drug regimen paclitaxel/doxorubicin/
cisplatin has shown benefit over cisplatin and 
paclitaxel and is an alternative but is less pre-
ferred due to increased toxicity [44]. Endocrine 
treatment with progestogen with or without 
tamoxifen similarly shows response rates of 
15–30%, with higher response rates in hor-
mone receptor positive low-grade tumors [45, 
46]. In the majority of cases, endocrine therapy 
achieves partial remission or stable disease, but 
some patients may remain progression-free for 
extended periods of time [47]. Endocrine ther-
apy is an alternative to first- or second-line 
chemotherapy, or it may be used as a later-line 
option for those who have progressed on chem-
otherapy. Aromatase inhibitors such as letro-
zole and anastrozole have limited activity in 
endometrial cancer, with response rates < 
10%  [48, 49]. In patients with uterine serous 
papillary carcinoma (USPC) and human epi-
dermal growth factor receptor 2 (HER2) over-
expression (approximately 30% of USPC) the 
addition of trastuzumab is suggested. A rand-
omized phase II study of chemotherapy with or 
without trastuzumab in the advanced stage or 
recurrent HER2 overexpressed USPC noted 
that the addition of trastuzumab conferred a 
statistically significant 4.5-month PFS advan-
tage with no difference in toxicity between the 
two arms [50]. Bevacizumab also has activity in 
recurrent or metastatic endometrial cancer. 
When combined with carboplatin and pacli-
taxel it showed higher ORR and improved 

median PFS and OS compared to platinum-
based chemotherapy alone [51, 52].

In patients who progress on chemotherapy, 
mismatch repair gene (MMR) status should be 
evaluated using the primary tumor or tissue 
obtained at the time of metastatic disease, as 
this may direct patients toward immunother-
apy with immune checkpoint inhibitor pem-
brolizumab. Immune checkpoint inhibitors 
have shown efficacy in many advanced solid 
tumors, particularly among MMR-deficient 
(dMMR) or cancers with microsatellite insta-
bility (MSI)  [1, 53]. Phase II studies of pem-
brolizumab in dMMR non-colorectal metastatic 
carcinomas have shown response rates of 
57–71% and median PFS of up to 26 months [54, 
55]. Additionally, the combination of pem-
brolizumab and VEGF inhibitor levatinib has 
been tested on 94 patients with metastatic 
endometrial carcinoma with some favorable 
results  [56]. However, 3% of patients experi-
ence fatal adverse reactions.

Ovarian Cancer

Several modified pelvic exenterative resections 
have been reported for both primary and recur-
rent epithelial ovarian cancer (EOC). For 
example, rectosigmoid colectomy is not 
uncommonly performed in advanced ovarian 
cancer to achieve optimal cytoreduction. Less 
commonly, partial bladder or ureteric resec-
tion may be required. Adjuvant therapy in 
EOC is a vast topic and outside the scope of 
this chapter. Suffice to say that platinum-based 
chemotherapy combinations form the corner-
stone of adjuvant therapy in EOC. Maintenance 
with poly ADP ribose polymerase (PARP) 
inhibitors is recommended in those individu-
als with high-grade serous pathology who 
respond to frontline platinum chemotherapy, 
with the most benefit to PFS seen in those with 
germline mutations in BRCA1 or BRCA2 and 
those with homologous DNA repair-deficient 
tumors [57–59]. Bevacizumab has been shown 
to improve PFS but not OS in a subset of 
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women with advanced EOC (women without a 
known mutation in BRCA1 or BRCA2  who 
have a high risk of recurrence (e.g. those with 

pleural effusions or ascites or those with > 
1 cm of residual disease post maximal effort 
cytoreduction)) [60].

References

	1	 Piulats, J.M. and Matias-Guiu, X. (2016). 
Immunotherapy in endometrial cancer: in 
the nick of time. Clin. Cancer Res. 22 (23): 
5623.

	2	 Li, L., Ma, S.Q., Tan, X.J. et al. (2018). Pelvic 
exenteration for recurrent and persistent 
cervical cancer. Chin. Med. J. (Engl.) 131 (13): 
1541–1548.

	3	 Andikyan, V., Khoury-Collado, F., Sandadi, S. 
et al. (2013). Feasibility of adjuvant 
chemotherapy after pelvic exenteration for 
gynaecological malignancies. Int. J. Gynecol. 
Cancer 23: 923–928.

	4	 Berek, J.S., Howe, C., Lagasse, L.D., and 
Hacker, N.F. (2005). Pelvic exenteration for 
recurrent gynaecological malignancy: survival 
and morbidity analysis of the 45-year 
experience at UCLA. Gynecol. Oncol. 99: 
153–159.

	5	 Andikyan, V., Khoury-Collado, F., Sonoda, Y. 
et al. (2012). Extended pelvic resections for 
recurrent or persistent uterine and cervical 
malignancies: an update on out of the box 
surgery. Gynecol. Oncol. 125: 404–408.

	6	 Kaur, M., Joniau, S., and D’Hoore, A. (2014). 
Vergote I indications, techniques and outcomes 
for pelvic exenteration in gynecological 
malignancy. Curr. Opin. Oncol. 26: 514–520.

	7	 Caceres, A., Mourton, S.M., Bochner, B.H. 
et al. (2008). Extended pelvic resections for 
recurrent uterine and cervical cancer: 
out-of-the-box surgery. Int. J. Gynecol. Cancer 
18: 1139–1144.

	8	 Morris, M., Alvarez, R.D., Kinney, W.K., and 
Wilson, T.O. (1996). Treatment of recurrent 
adenocarcinoma of the endometrium with 
pelvic exenteration. Gynecol. Oncol. 60: 
288–291.

	9	 Goldberg, G., Sukumvanich, P., Einstein, 
M.H. et al. (2006). Total pelvic exenteration: 
the Albert Einstein College of Medicine/
Montefiore Medical Center Experience (1987 
to 2003). Gynecol. Oncol. 101: 261–268.

	10	 Hoeckel, M. (2003). Laterally extended 
endopelvic resection. Novel surgical 
treatment of locally recurrent cervical 
carcinoma involving the pelvic side wall. 
Gynecol. Oncol. 91: 369–377.

Summary Box

●● Survival and presumptive cure are possi-
ble in approximately one-half of women 
undergoing exenteration as salvage ther-
apy for pelvic cancers.

●● Patients need to be carefully selected so 
that complete resection with negative 
margins is achieved and reconstruction is 
tailored to allow patients good functional 
outcomes and improved quality of life.

●● Despite careful selection, a subset of 
patients will require adjuvant therapy post 

exenteration for positive margins or recur-
rent disease.

●● Platinum-based chemotherapy regimens 
remain the mainstay of treatment for 
recurrent and metastatic gynecological 
carcinoma.

●● Targeted therapies may offer a therapeutic 
benefit particularly in the presence of tar-
getable mutations, and eligible patients 
should continue to be enrolled in clinical 
trials of these agents.



﻿  ­Reference 211

	11	 Rogers, L., Siu, S.S., Luesley, D. et al. (2012). 
Radiotherapy and chemoradiation after 
surgery for early cervical cancer. Cochrane 
Database Syst. Rev. 5 (5): CD007583.

	12	 Sedlis, A., Bundy, B.N., Rotman, M.Z. et al. 
(1999). A randomized trial of pelvic 
radiation therapy versus no further therapy 
in selected patients with stage IB carcinoma 
of the cervix after radical hysterectomy and 
pelvic lymphadenectomy: a Gynecologic 
Oncology Group study. Gynecol. Oncol. 73 
(2): 177.

	13	 Rotman, M., Sedlis, A., Piedmonte, M.R. 
et al. (2006). A phase III randomized trial of 
postoperative pelvic irradiation in stage IB 
cervical carcinoma with poor prognostic 
features: follow-up of a Gynecologic 
Oncology Group study. Int. J. Radiat. Oncol. 
Biol. Phys. 65 (1): 169.

	14	 Rutledge, S., Carey, M.S., Prichard, H. et al. 
(1994). Conservative surgery for recurrent or 
persistent carcinoma of the cervix following 
irradiation: is exenteration always necessary? 
Gynecol. Oncol. 52 (3): 353.

	15	 Maneo, A., Landoni, F., Cormio, G. et al. 
(1999). Radical hysterectomy for recurrent or 
persistent cervical cancer following radiation 
therapy. Int. J. Gynecol. Cancer 9 (4): 295.

	16	 Barney, B.M., Petersen, I.A., Dowdy, S.C. 
et al. (2013). Intraoperative electron beam 
radiotherapy (IOERT) in the management of 
locally advanced or recurrent cervical cancer. 
Radiat. Oncol. 8: 80.

	17	 Martínez-Monge, R., Jurado, M., Aristu, J.J. 
et al. (2001). Intraoperative electron beam 
radiotherapy during radical surgery for 
locally advanced and recurrent cervical 
cancer. Gynecol. Oncol. 82 (3): 538.

	18	 Lim, M.C., Lee, H.S., Seo, S.S. et al. (2010). 
Pathologic diagnosis and resection of 
suspicious thoracic metastases in patients 
with cervical cancer through thoracotomy or 
video-assisted thoracic surgery. Gynecol. 
Oncol. 116 (3): 478.

	19	 Alberts, D.S., Kronmal, R., Baker, L.H. et al. 
(1987). Phase II randomized trial of cisplatin 
chemotherapy regimens in the treatment of 

recurrent or metastatic squamous cell cancer 
of the cervix: a Southwest Oncology Group 
study. J. Clin. Oncol. 5 (11): 1791–1795.

	20	 Tewari, K.S., Sill, M.W., Penson, R.T. et al. 
(2017). Bevacizumab for advanced cervical 
cancer: final overall survival and adverse 
event analysis of a randomised, controlled, 
open-label, phase 3 trial (Gynecologic 
Oncology Group 240). Lancet 390 
(10103): 1654.

	21	 Kitagawa, R., Katsumata, N., Shibata, T. et al. 
(2015). Paclitaxel plus carboplatin versus 
paclitaxel plus cisplatin in metastatic or 
recurrent cervical cancer: the open-label 
randomized phase III trial JCOG0505. J. 
Clin. Oncol. 33 (19): 2129.

	22	 Zagouri, F., Sergentanis, T.N., Chrysikos, D. 
et al. (2012). Molecularly targeted therapies 
in cervical cancer. A systematic review. 
Gynecol. Oncol. 126 (2): 291–303.

		  Comprehensive review of currently available 
targeted therapies in cervical cancer.

	23	 Beller, U., Quinn, M.A., Benedet, J.L. et al. 
(2006). Carcinoma of the vulva. FIGO 6th 
Annual Report on the Results of Treatment 
in Gynecological Cancer. Int. J. Gynaecol. 
Obstet. 95: S7–S27.

	24	 Forner, M. and Lampe, B. (2012). 
Exenteration in the treatment of stage III/IV 
vulvar cancer. Gynecol. Oncol. 124: 87–91.

	25	 Miller, B., Morris, M., Levenback, C. et al. 
(1995). Pelvic exenteration for primary and 
recurrent vulvar cancer. Gynecol. Oncol. 58: 
202–205.

	26	 Gill, B.S., Bernard, M.E., Lin, J.F. et al. 
(2015). Impact of adjuvant chemotherapy 
with radiation for node-positive vulvar 
cancer: a National Cancer Database (NCDB) 
analysis. Gynecol. Oncol. 137 (3): 365–372.

	27	 Seagle, B.L., Dayno, M., Strohl, A.E. et al. 
(2016). Survival after pelvic exenteration for 
uterine malignancy: a National Cancer 
Database study. Gynecol. Oncol. 143 (3): 
472–478.

	28	 Barber, H.R.K. and Brunschwig, A. (1968). 
Treatment and results of recurrent cancer 
of the corpus uteri in patients receiving 



Adjuvant Therapy Options after Pelvic Exenteration for Gynecological Malignancy212

anterior and total pelvic exenteration 
1947–1963. Cancer 22: 949–955.

	29	 Morris, M., Alvarez, R.D., Kinney, W.K., and 
Wilson, T.O. (1996). Treatment of recurrent 
adenocarcinoma of the endometrium with 
pelvic exenteration. Gynecol. Oncol. 60 (2): 
288–291.

	30	 Schmidt, A., Imesch, P., Fink, D., and Egger, 
H. (2016). Pelvic exenterations for advanced 
and recurrent endometrial cancer: clinical 
outcomes of 40 patients. Int. J. Gynecol. 
Cancer 26 (4): 716–720.

	31	 Barakat, R.R., Goldman, N.A., Patel, D.A. 
et al. (1999). Pelvic exenteration for recurrent 
endometrial cancer. Gynecol. Oncol. 75 (1): 
99–102.

	32	 Chiantera, P.V., Rossi, M., De Iaco, P. et al. 
(2014). Pelvic exenteration for recurrent 
endometrial adenocarcinoma: a retrospective 
multi-institutional study about 21 patients. 
Int. J. Gynecol. Cancer 24 (5): 880–884.

	33	 Dowdy, S.C., Mariani, A., Cliby, W.A. et al. 
(2006). Radical pelvic resection and 
intraoperative radiation therapy for 
recurrent endometrial cancer: technique and 
analysis of outcomes. Gynecol. Oncol. 101 
(2): 280–286.

	34	 Thigpen, J.T., Blessing, J.A., Homesley, H. 
et al. (1989). Phase II trial of cisplatin as 
first-line chemotherapy in patients with 
advanced or recurrent endometrial 
carcinoma: a Gynecologic Oncology Group 
study. Gynecol. Oncol. 33: 68–70.

	35	 Thigpen, T., Blessing, J., Homesley, H. et al. 
(1993). Phase III trial of doxorubicin +/− 
cisplatin in advanced or recurrent 
endometrial carcinoma: a Gynecologic 
Oncology Group (GOG) study. Proc. Am. Soc. 
Clin. Oncol. 12: 261.

	36	 Ball, H.G. (1996). A phase II trial of 
paclitaxel in patients with advanced or 
recurrent adenocarcinoma of the 
endometrium: a Gynecologic Oncology 
Group study. Gynecol. Oncol. 622: 278–281.

	37	 Burke, T.W., Stringer, C.A., Morris, M. et al. 
(1991). Prospective treatment of advanced or 
recurrent endometrial carcinoma with 

cisplatin, doxorubicin, and 
cyclophosphamide. Gynecol. Oncol. 40: 
264–267.

	38	 Gallion, H.H., Brunetto, V.L., Cibull, M. et al. 
(2003). Randomized phase III trial of standard 
timed doxorubicin plus cisplatin versus 
circadian timed doxorubicin plus cisplatin in 
stage III and IV or recurrent endometrial 
carcinoma: a Gynecologic Oncology Group 
study. J. Clin. Oncol. 21: 3808–3813.

	39	 Muggia, F.M., Blessing, J.A., Sorosky, J., and 
Reid, G.C. (2002). Phase II trial of the 
pegylated liposomal doxorubicin in 
previously treated metastatic endometrial 
cancer: a Gynecologic Oncology Group 
study. J. Clin. Oncol. 20: 2360–2364.

	40	 Pierga, J.Y., Dieras, V., Beuzeboc, P. et al. 
(1997). Phase II trial of doxorubicin, 
5-fluorouracil, etoposide, and cisplatin in 
advanced or recurrent endometrial 
carcinoma. Gynecol. Oncol. 66: 246–249.

	41	 Scudder, S.A., Liu, P.Y., Wilczynski, S.P. et al. 
(2005). Paclitaxel and carboplatin with 
amifostine in advanced, recurrent, or 
refractory endometrial adenocarcinoma: a 
phase II study of the Southwest Oncology 
Group. Gynecol. Oncol. 96: 610–615.

	42	 Thigpen, J.T., Blessing, J.A., DiSaia, P.J. et al. 
(1994). A randomized comparison of 
doxorubicin alone versus doxorubicin plus 
cyclophosphamide in the management of 
advanced or recurrent endometrial 
carcinoma: a Gynecologic Oncology Group 
study. J. Clin. Oncol. 12: 1408–1414.

	43	 Miller, D., Filiaci, V., Fleming, G. et al. 
(2012). Late-breaking abstract 1: 
randomized phase III noninferiority trial of 
first line chemotherapy for metastatic or 
recurrent endometrial carcinoma: a 
Gynecologic Oncology Group study. Gynecol 
Oncol. 125S: 771.

	44	 Fleming, G.F., Brunetto, V.L., Cella, D. et al. 
(2004). Phase III trial of doxorubicin plus 
cisplatin with or without paclitaxel plus 
filgrastim in advanced endometrial 
carcinoma: a Gynecologic Oncology Group 
study. J. Clin. Oncol. 22 (11): 2159.



﻿  ­Reference 213

	45	 Moore, T.D., Phillips, P.H., Nerenstone, S.R., 
and Cheson, B.D. (1991). Systemic treatment 
of advanced and recurrent carcinoma: 
current status and future directions. J. Clin. 
Oncol. 9: 1071–1088.

	46	 Decruze, S.B. and Green, J.A. (2007). 
Hormone therapy in advanced and recurrent 
endometrial cancer: a systematic review. Int. 
J. Gynecol. Cancer 17 (5): 964.

	47	 Markman, M. (2005). Hormonal therapy of 
endometrial cancer. Eur. J. Cancer 41 (5): 673.

	48	 Rose, P.G., Brunetto, V.L., VanLe, L. et al. 
(2000). A phase II trial of anastrozole in 
advanced recurrent or persistent endometrial 
carcinoma: a Gynecologic Oncology Group 
study. Gynecol. Oncol. 78 (2): 212.

	49	 Ma, B.B., Oza, A., Eisenhauer, E. et al. 
(2004). The activity of letrozole in patients 
with advanced or recurrent endometrial 
cancer and correlation with biological 
markers – a study of the National Cancer 
Institute of Canada Clinical Trials Group. 
Int. J. Gynecol. Cancer 14 (4): 650.

	50	 Fader, A.N., Roque, D.M., Siegel, E. et al. 
(2018). Randomized phase II trial of 
carboplatin-paclitaxel versus carboplatin-
paclitaxel-trastuzumab in uterine serous 
carcinomas that overexpress human 
epidermal growth factor receptor 2/neu. 
J. Clin. Oncol. 36 (20): 2044.

	51	 Aghajanian, C.A., Filaci, V.L., Dizon, D.S. 
et al. (2015). A randomized phase II study of 
paclitaxel/carboplatin/bevacizumab, 
paclitaxel/carboplatin/temsirolimus and 
ixabepilone/carboplatin/bevacizumab as 
initial therapy for measurable stage III or 
IVA, stage IVB or recurrent endometrial 
cancer, GOG-86P. J. Clin. Oncol. 33S: 5500.

	52	 Lorusso, D., Ferrandina, G., Colombo, N. 
et al. (2015). Randomized phase II trial of 
carboplatin-paclitaxel (CP) compared to 
carboplatin-paclitaxel-bevacizumab (CP-B) 
in advanced (stage III–IV) or recurrent 

endometrial cancer: the MITO END-2 trial. 
J. Clin. Oncol. 33S: 5502.

	53	 Howitt, B.E., Shukla, S.A., Sholl, L.M. et al. 
(2015). Association of polymerase e-mutated 
and microsatellite-instable endometrial 
cancers with neoantigen load, number of 
tumor-infiltrating lymphocytes, and 
expression of PD-1 and PD-L1. JAMA Oncol. 
1 (9): 1319.

	54	 Le, D.T., Uram, J.N., Wang, H. et al. (2015). 
PD-1 blockade in tumors with mismatch-
repair deficiency. N. Engl. J. Med. 372 
(26): 2509.

	55	 Ott, P.A., Bang, Y.J., Berton-Rigaud, D. et al. 
(2017). Safety and antitumor activity of 
pembrolizumab in advanced programmed 
death ligand 1-positive endometrial cancer: 
results from the KEYNOTE-028 study. 
J. Clin. Oncol. 35 (22): 2535.

	56	 Lenvatinib capsules, for oral use. United States 
Prescribing Information. US National Library 
of Medicine. https://www.accessdata.fda.gov/
drugsatfda_docs/label/2019/206947s011lbl.pdf 
(accessed September 17, 2019).

	57	 Ray-Coquard, I., Pautier, P., Pignata, S. et al. 
(2019). Olaparib plus bevacizumab as 
first-line maintenance in ovarian cancer. 
N. Engl. J. Med. 381 (25): 2416.

	58	 González-Martín, A., Pothuri, B., Vergote, I. 
et al. (2019). Niraparib in patients with 
newly diagnosed advanced ovarian cancer. 
N. Engl. J. Med. 381 (25): 2391.

	59	 Coleman, R.L., Fleming, G.F., Brady, M.F. 
et al. (2019). Veliparib with first-line 
chemotherapy and as maintenance 
therapy in ovarian cancer. N. Engl. J. Med. 
381 (25): 2403.

	60	 Oza, A.M., Cook, A.D., Pfisterer, J. et al. 
(2015 Aug). Standard chemotherapy with or 
without bevacizumab for women with newly 
diagnosed ovarian cancer (ICON7): overall 
survival results of a phase 3 randomised 
trial. Lancet Oncol 16 (8): 928–936.



214

Surgical Management of Advanced Pelvic Cancer, First Edition.  
Edited by Michael E. Kelly and Desmond C. Winter. 
© 2022 John Wiley & Sons Ltd. Published 2022 by John Wiley & Sons Ltd.

Background

Common urological cancers of the pelvis 
include bladder and prostate cancer, as well as 
rarer diseases such as penile cancer. Both are in 
the top  10  most common cancers worldwide 
and represent disease spectra with huge varia-
tion. A significant proportion of the urology 
referral workload worldwide is taken up by 
diagnostic pathways for investigation of these 
two cancers. Development of rapid-access pros-
tate cancer diagnostic pathways and hematuria 
clinics aim to improve detection at earlier-stage 
disease. Despite this, a significant proportion of 
prostate and bladder cancers present with 
locally advanced or metastatic disease and 
requiring multimodal therapy. This chapter 
focuses on adjuvant therapies used after radical 
surgical resection of prostate and bladder can-
cer, and provides an introduction to systemic 
therapies used in these diseases.

Prostate Cancer

Radiation Therapy

As well as its use upfront for curative intent, 
radiation therapy is used as part of multi-
modal treatment strategies after prostatec-

tomy. Adjuvant radiation therapy (ART) can 
be considered in men who have high-risk 
pathological features in their prostatectomy 
specimen (high Gleason score, presence of 
extracapsular extension, seminal vesicle 
involvement, or positive margins)  [1]. Also, 
radiation therapy is used in the “salvage” set-
ting (salvage radiotherapy (SRT)) for biochem-
ical recurrence (detectable prostate-specific 
antigen (PSA) after a period of observation fol-
lowing prostatectomy) – 20% of men under 
radical prostatectomy will experience disease 
recurrence and the percentage is higher for 
those with adverse pathological features  [2]. 
The debate continues as to the optimal treat-
ment strategy in the adjuvant setting for men 
with locally advanced prostate cancer after 
prostatectomy. Proponents of ART argue that 
waiting for biochemical recurrence to occur 
before offering radiation may miss the treat-
ment window to cure disease and prevent 
development of distant metastasis. Proponents 
of waiting to offer radiation at the time of sub-
sequent biochemical recurrence argue that 
some men with locally advanced disease will 
be cured by surgery alone, thus sparing them 
the side effects of radiation, and of hormone 
deprivation therapy that is usually given 
concurrently.
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Three randomized controlled trials have 
compared adjuvant radiation for locally aggres-
sive prostate cancer to observation and found 
ART to increase biochemical recurrence-free 
survival and disease-specific survival  [3–5]. 
However, these studies did not directly com-
pare ART to observation with early salvage 
radiation therapy (esRT) when biochemical 
recurrence is detected. A more recent study 
compared long-term metastasis-free survival 
(MFS) and overall survival (OS) in 510 patients 
with locally advanced (  T3) prostate cancer 
with undetectable PSA after radical prostatec-
tomy who underwent ART vs. initial observa-
tion with esRT when biochemical recurrence 
occurred. Of 267 who underwent initial obser-
vation, 141 experienced biochemical recurrence 
and received esRT. There was no significant dif-
ference in MFS or OS eight years after radical 
prostatectomy between the two groups, sug-
gesting that there is no disadvantage to waiting 
until biochemical recurrence is detected to use 
adjuvant radiation  [6]. On the basis of this 
study, it would spare a signification proportion 
of men from the side effects of radiation.

Brachytherapy

Brachytherapy utilizes radioactive seeds perma-
nently implanted in the prostate bed and is a 
widely accepted option as monotherapy for care-
fully selected patients with prostate-confined dis-
ease [7]. Brachytherapy has also been described 
in the adjuvant setting, for the salvage of recur-
rent disease after radiation treatment in several 
phase II trials and case series [8]. The main con-
cern with using brachytherapy after external 
beam radiation is the excess of genitourinary tox-
icity from using two radiation modalities in 
sequence [9–12]. Salvage brachytherapy remains 
an investigative approach for the time being.

Hormonal Therapy: Gonadotropin-
Releasing Hormone (GnRH) Analogs

The role of hormone therapy in combination 
with radiation for prostate cancer has been 
proven to be superior to radiation alone for 

prostate cancer, as demonstrated by several 
phase III randomized control trials  [13–17]. 
Androgen deprivation therapy (ADT) is given 
in the form of luteinizing hormone releasing 
hormone (LHRH) analogs, leading to gonadal 
suppression and chemical castration. Duration 
of hormonal therapy depends on disease fea-
tures, with six months ADT recommended for 
intermediate risk and three years recommended 
for high-risk disease  [1]. LHRH analogs are a 
hugely important development in the manage-
ment of high-risk and metastatic prostate can-
cer, where previously men underwent bilateral 
orchidectomy to achieve suppression of testos-
terone [18]. LHRH agonists lead to a decrease in 
serum testosterone by binding to GnRH recep-
tors in the pituitary gland, leading to an initial 
stimulus of luteinizing hormone (LH) and folli-
cle-stimulating hormone (FSH), followed by 
sustained downregulation, while LHRH antag-
onists block the release of LH and FSH by 
reversible competitive binding to GnRH recep-
tors [19]. However, the effects of GnRH block-
ade are transient, and most patients progress to 
castration-resistant prostate cancer (CRPC) 
within 18–30 months [20].

Abiraterone Acetate

Abiraterone acetate inhibits the enzyme 
CYP17A1 and is used in addition to GnRH 
analogs in metastatic castration-resistant pros-
tate cancer (mCRPC) and metastatic castra-
tion-sensitive high-risk prostate cancer 
(mCSPC). CYP17A1 catalyzes the conversion 
of pregnenolone and progesterone to their 
17α-hydroxy derivatives, and subsequently 
converts these proteins to dehydroepiandros-
terone (DHEA) and androstenedione, precur-
sors of testosterone [21].

In mCRPC, abiraterone in combination with 
prednisone improves OS from 30.3 months 
with placebo to 34.7 months [22]. It is also now 
being investigated and used in mCSPC. A sem-
inal study published in the New England 
Journal of Medicine examined the use of abira-
terone with prednisone in men starting hor-
monal therapy for the first time, with locally 
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advanced or metastatic disease. The addition 
of abiraterone and prednisone to standard 
ADT significantly improved OS in patients 
with and without metastatic disease [23].

Enzalutamide

Enzalutamide is a second-generation androgen 
receptor (AR) antagonist, with additional 
antisignaling activity as well as antagonist activ-
ity compared to first-generation drugs such as 
bicalutamide  [24]. The PREVAIL study was a 
randomized double-blind placebo controlled 
trial which compared enzalutamide to placebo 
for men with progressive metastatic prostate 
cancer despite treatment with ADT. The treat-
ment arm saw significant increases in both over-
all and progression-free survival and delayed 
time to initiation of chemotherapy  [25]. 
Enzalutamide has also been compared head-to-
head against a first-generation AR antagonist, 
bicalutamide, and was found to increase progres-
sion-free survival from 5.8 to 15.7 months [26].

Chemotherapy

Docetaxel is a taxane chemotherapeutic agent 
used in the treatment of high-risk prostate can-
cer. Docetaxel prevents microtubule disassem-
bly between metaphase and anaphase, leading 
to microtubule accumulation inside the cell 
causing apoptosis  [27]. Compared with mitox-
antrone, the SWOG 99–16 trial revealed that 
docetaxel chemotherapy improves median OS 
by two months for mCRPC [28]. Another study 
from the STAMPEDE trial compared use of doc-
etaxel to abiraterone with prednisone in combi-
nation with standard of care (ADT ± radiation 
therapy) and found no significant difference in 
OS between the two groups [29].

Second-line Treatment for Metastatic 
Prostate Cancer

As abiraterone and docetaxel have equivalent 
oncologic outcomes and completely different 
mechanisms of action, these drugs can be used 

in sequence if resistance develops. Median OS 
for patients with mCRPC who progressed on 
docetaxel was 15.8 months when treated with 
abiraterone and compared to placebo  [30]. 
Enzalutamide has also been shown to improve 
OS when used in patients who have progres-
sive prostate cancer on chemotherapy, with a 
five-month OS benefit when compared to 
placebo [31].

Cabazitaxel is a novel taxane chemotherapy 
which has been found to have benefit in 
patients with mCRPC who have progressed on 
docetaxel  [32]. In the first-line setting it has 
not been shown to be superior to docetaxel, 
and continues to be reserved for second-line 
therapy [33].

Radium-223 is an alpha particle emitter 
which selectively targets bone metastases. In 
conjunction with standard of care, in compari-
son to placebo, six injections of radium-223 at 
a dose of 50 kBq per kilogram of body weight at 
four-weekly intervals increased OS from 11.2 
to 14 months [34]. The addition of radium-223 
to abiraterone for mCRPC did not, however, 
improve skeletal event-free survival and there 
was an increased rate of pathological fractures 
seen in this study with the use of 
radium-223 [35].

Bladder Cancer

The recommended approach for patients with 
muscle invasive bladder cancer (MIBC) is neo-
adjuvant cisplatin-based chemotherapy [36–38]. 
Two large randomized control trials have dem-
onstrated a survival advantage with the use of 
neoadjuvant chemotherapy (NAC). Grossman 
et al. demonstrated a 31-month survival advan-
tage with the use of NAC and a 23% increase in 
pT0 rates at radical cystectomy (RC)  [39]. The 
long-term results of the BA06 30 894 trial and 
international phase 3 trial of 976 patients with 
an eight-year follow-up showed a 16% decrease 
in risk of death following NAC [40]. Despite this 
guideline recommendation, many patients do 
not receive it [41–43].
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Chemotherapy

Although the evidence is contentious, the 
adjuvant use of a cisplatin-based regimen is 
generally advocated in healthy individuals 
who did not receive NAC. It is unlikely a 
definitive randomized trial will ever fully 
accrue to address the role of adjuvant treat-
ment for advanced bladder cancer. Numerous 
historical randomized clinical trials have 
explored the efficacy of adjuvant chemother-
apy (AC) in locally advanced bladder cancer. 
These trials demonstrated feasibility but 
used suboptimal chemotherapy regimens and 
were underpowered  [44–47]. More recent 
trials evaluated contemporary chemotherapy 
regimens in the adjuvant setting in patients 
with locally advanced bladder cancer. Unfor
tunately, these trials closed early because of 
poor accrual  [48, 49]. Although an updated 
meta-analysis of nine randomized controlled 
trials recently demonstrated an OS benefit 
with the use of immediate postoperative cispl-
atin-based chemotherapy [50], the latest rand-
omized comparison of AC versus deferred 
chemotherapy at the time of relapse failed to 
confirm these results [51].

An observational study of the National 
Cancer Database (NCDB) compared the effec-
tiveness of AC versus observation following RC 
for patients with T3/4 disease and/or patholog-
ical nodal disease [52]. A total of 5653 patients 
were analyzed; 23% received AC following RC. 
The median time to initiation of AC was 
52 days. Chemotherapy-treated patients were 
younger and had adverse pathological findings 
such as node-positive disease and positive sur-
gical margins. Stratified analyses adjusted for 
propensity score demonstrated an improve-
ment in OS with AC (HR 0.70, 95% CI 0.64–
0.76). The association between AC and 
improved OS was consistent in subset analyses 
and across performance status. In a similar 
multi-institutional prospective observational 
study across 18 units in Europe, 224 patients 
with T3/4 disease and/or nodal disease were 
compared – 37% underwent AC within three 

months of RC while the rest were observed [53]. 
The rate of three-year OS in patients who 
received AC vs. observation was 62.1 vs. 40.9% 
respectively (HR 0.47, 95% CI 0.25–0.86, 
p = 0.014).

Interestingly, Seisen et al. assessed the use of 
AC in patients who had already received NAC 
and RC  [54]. The median follow-up was 
45.7 months and median OS was significantly 
longer for NAC and RC followed by AC 
(29.9 months) vs. observation (24.2 months).

Immunotherapy

Prior to the emergence of programed death-1 
(PD-1)/PD L1 checkpoint inhibitors, systemic 
chemotherapy with cisplatin-based regimens 
was the standard of care, with a median survival 
of around one year [55]. For patients with cispl-
atin-refractory disease, the median survival was 
only six to nine months [56]. Furthermore, up 
to 30–50% of patients with bladder cancer are 
ineligible to receive cisplatin due to comorbidi-
ties, limiting treatment options  [57]. With the 
approval of several PD-1/PD L1 inhibitors, sev-
eral combinations of chemotherapeutics and 
immunotherapeutic agents have been investi-
gated in bladder cancer. In the metastatic set-
ting, atezolizomab, pembrolizumab, nivolumab, 
durvalumab, and avelumab have all been 
approved for cisplatin ineligible or refractory 
patients [58–63]. There are currently three reg-
istered randomized controlled trials assessing 
the role of anti-PD-1/PD L1 agents with placebo 
or observation in patients with MIBC and 
locally advanced bladder cancer [64–66]. These 
are likely to change practice in the adjuvant set-
ting in the coming years.

Radiotherapy

Traditionally, radiotherapy has been used in 
patients with MIBC who are unfit for cystec-
tomy or for palliative symptom control. The 
National Comprehensive Cancer Network 
(NCCN) guidelines recommend considering 
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AR after RC in patients with  pathological T3, 
positive lymph nodes, or high-grade bladder 
cancer [38], whereas the European Association 
of Urology guidelines do not feel there is 
sufficient evidence to support this  [36]. One 
randomized controlled trial demonstrated a 
beneficial effect of AR in patients with locally 
advanced bladder cancer resulting in a signifi-
cant improvement of recurrence-free survival 
(RFS) (49% for AR vs. 25% for RC only) [67].

Conclusion

Patients with advanced pelvic urological 
malignancies often require a multimodal 
approach both for oncological and functional 
outcomes as well as for symptom relief. There 
is a need for a multidisciplinary approach to 
tailor an individualized care plan for each 
patient.
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Background

Treatment of colorectal cancer has improved 
significantly due to advances in chemo- and/
or radiotherapy and better surgical manage-
ment [1–4]. Local recurrence in the modern 
era of rectal surgery occurs in approximately 
4–11% of patients  [2, 5, 6]. The role of 
(chemo)radiation therapy to further reduce 
recurrence rates in primary treatment of rec-
tal cancer patients is well established [5, 6]. 
On the other hand, when locally recurrent 
disease becomes apparent, optimal treat-
ment becomes more difficult [7]. Previously 
irradiated patients with a recurrence present 
often with simultaneous metastatic disease 
and their median survival is reduced [8]. van 
den Brink et  al. observed that previously 
irradiated patients in the Dutch total meso-
rectal excision (TME) trial died within three 
years after being diagnosed with a recur-
rence  [9]. Others have demonstrated that 
locally recurrent rectal cancer (LRRC) 
patients who previously received radiother-
apy for primary rectal cancer had worse 
oncological outcomes than those who had 
not received radiotherapy [7].

Traditionally, there has been a hesitance 
toward re-irradiation due to concerns regarding 
toxicity  [10–12]. Nevertheless, re-irradiation 

has been reported to be safe  [13], and several 
early studies observed promising results, with 
acceptable long-term outcomes [14, 15].

Despite this, the treatment of LRRC in previ-
ously irradiated patients poses difficulties and 
the risks and benefits of re-irradiation do 
require further assessment  [16]. This chapter 
outlines the current evidence regarding re-irra-
diation of LRRC.

­Treatment of Locally Recurrent 
Rectal Cancer

Curative resection of LRRC is the most impor-
tant factor for survival [12]. Surgical salvage of 
LRRC is challenging because of previous rectal 
surgery, fibrosis, and obliteration of surgical 
planes  [17]. This may influence the ability to 
achieve complete surgical margins (R0 resec-
tion), which is the single most important pre-
dictor of long-term survival in patients with 
LRRC [18, 19]. Re-irradiation may potentially 
increase the rate of R0 resections and as such 
could provide better results. To optimize treat-
ment, the tumor should receive a high total 
dose, while sparing the surrounding normal 
tissue and avoiding toxicity. Re-irradiation is 
therefore challenging because the surrounding 
tissues have already received doses near the 
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organ-specific tolerance dose during the pri-
mary treatment [12].

Data from published studies since 2012 dem-
onstrate that re-irradiation is performed only 
in a few expert centers worldwide (Table 24.1). 
Average age of treated patients is between 50 
and 69 years, which means that this group rep-
resents a relatively young group of colorectal 
cancer patients  [20–26]. The majority of 
patients were previously treated with chemo-
radiation up to a radiation dose of 54 Gy. 
However, in the studies by Alberda et al. [27] 
and Bosman et  al.  [23] many patients were 
treated with short-course radiotherapy for the 
primary tumor. The interval between treat-
ment of the primary rectal cancer and re-irra-
diation was 26–39 months.

Among all studies, re-irradiation dosages 
varied between 27 and 50 Gy (Table  24.2). 
Several techniques were used, with most cent-
ers using one dose of external beam radiation 
therapy (EBRT) per day  [22, 23, 28–30]. 
Alternatively, hyperfractioning of EBRT twice 

daily is considered  [15, 20]. The number of 
fractions varied substantially between the dif-
ferent protocols in each center [15].

­Morbidity After Re-irradiation

Toxicity as a result of re-irradiation has been 
reported in several studies in the literature [12]. 
Generally, toxicity is modest, with grade 3 or 
higher acute toxicity reported in 2–4% [14, 24], 
nausea/vomiting in 4%  [31], skin damage in 
5–8% [14, 24], and acute diarrhea in 10–20% of 
patients [14, 15, 24–26]. Tao et al. [20] reported 
a three-year actuarial grade 3–4 toxicity of 34% 
of all patients that had re-irradiation. Patients 
who underwent surgery had a significantly 
higher rate of grade 3–4 toxicity of 54% versus 
16% in the non-surgery group. This was com-
parable with results in the large cohort study 
by Bosman et al. who reported 39.7% grade 3–5 
complications in their group of surgically 
treated patients. Overall, toxicity following  

Table 24.1  Patient and previous radiotherapy characteristics.

Author, year Center, country

Number of 
re-irradiated 
patients Age (years)

Median previous 
radiotherapy 
dose (Gy)

Time from 
previous 
treatment 
(months)

Tao et al., 
2017 [20]

MD Anderson Cancer 
Center, USA

102 58 (range 
35–77)

50.4 (range 
25–63)

30 (range 5–789)

Susko et al., 
2016 [21]

Duke Cancer Center, 
USA

33 63 (IQR 
58–70)

Not mentioned 39 (range 25–50)

Alberda et al., 
2014 [22]

Erasmus MC Cancer 
Institute, Netherlands

28 63 (range 
55–70)

50 (range 
25–50)

20 (range 12–30)

Bosman et al., 
2014 [23]

Catherina Hospital, 
Netherlands

135 63 (range 
30–84)

50 (range 
25–50)

34 (range 7–198)

Ng et al., 
2013 [24]

Peter MacCallum 
Cancer Centre, 
Australia

56 69 (range 
26–88)

50.4 (range 
21–64)

30 (range 8–176)

Sun et al., 
2012 [25]

Shandong University, 
China

72 59 (range 
29–78)

< 50 25 (range 13–77)

Koom et al., 
2012 [26]

Yonsei University 
College of Medicine, 
South Korea

22 50 (range 
33–64)

54 (range 
45–59.4)

26 (range 5–72)

IQR, Interquartile range.
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re-irradiation is well tolerated but is increased 
in those undergoing surgery. The PelvEx Colla
borative also observed that neoadjuvant ther-
apy in LRRC patients was associated with 
higher rates of readmission, complications, 
and radiological reinterventions [19].

­Primary Outcome after 
Re-irradiation for LRRC

There is considerable heterogeneity across the 
available literature, with not all studies present-
ing data on patients’ management with cura-
tive intent. A substantial number of patients 
are treated with palliative intention and the 
number of patients undergoing a surgical pro-
cedure varied between 21 and 100% (Table 24.2). 
A wide variety of surgical techniques were 
reported, such as low anterior resection, abdo
mino-perineal resection, and  pelvic exentera-
tions with or without sacrectomy. In some 
studies  [22, 23], surgical resection was com-
bined with intraoperative radiotherapy (IORT) 
at a single dose varying from 10 to 17.5 Gy. The 

number of complete surgical resections (R0) 
ranged between 46 and 89% across the various 
studies. Adjuvant chemotherapy was not rou-
tinely administered in all patients, and the type 
of chemotherapy schedule and length were not 
specified.

Local control (LC) was reported in both pal-
liative and curatively treated patients and 
therefore it is difficult to tease out specific 
results. However, the largest study to date from 
Bosman and colleagues examined patients 
who were all treated with surgery following re-
irradiation. They report a five-year local recur-
rence-free survival of 51%  [23]. Median 
survival of all surgically treated patients ranged 
between 32 and 47 months (Table 24.2).

Survival of patients is variable but consist-
ently better when patients have R0 resec-
tions  [12, 23–29]. A wide variety of surgical 
techniques and approaches have been 
described, with more radical resections includ-
ing bony and vascular resection needed to 
ensure complete oncological resection [7, 32]. 
Though complete resection is the goal of treat-
ment  [18], the adjunct of re-irradiation has 

Table 24.2  Re-irradiation details and outcome.

Author, year
Re-irradiated 
dose (Gy)

Number of 
fractions

Concurrent 
chemotherapy

Surgical 
resection

Median survival 
in surgery group 
(months)

Tao et al., 
2017 [20]

39 (range 
30–45)

26 91% 45% (67% R0) 47

Susko et al., 
2016 [21]

30 (range 
18–36)

Not 
mentioned

— 42% (71% R0) 32 (range 13–48)

Alberda et al., 
2014 [22]

27–30 19–28 100% (from 
2006)

100% (46% R0) 32 (range 4–86)

Bosman et al., 
2014 [23]

30–30.6 19–28 87% 100% (56% R0) ±381

Ng et al., 
2013 [24]

39.6 (range 
20–39.6)

10–22 80% 21% (75% R0) 39

Sun et al., 
2012 [25]

36 30 100% 25% (89% R0) 32 (all patients)

Koom et al., 
2012 [26]

50 (range 
28–66)

Not 
mentioned

73% 23% 21 (all patients)

1  Based on Kaplan–Meier survival curves.
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benefit in select cases, with tolerable risks of 
toxicity and low specific procedure-related 
complications [8, 14, 15, 23, 26, 29, 31, 33, 34]. 
Re-irradiation is an inseparable part of multi-
modality treatment containing IORT, which is 
considered the standard of care in some 
countries. Perioperative mortality, after re-irra-
diation and extensive resections, is generally 
low in experienced centers. However, periop-
erative morbidity is not reported uniformly 
and might be underestimated due to the retro-
spective nature of most studies. Although sur-
gery for LRRC has a high rate of morbidity, this 
seems to be increased by re-irradiation. On the 
other hand, since re-irradiation is associated 
with a relatively high number of more com-
plete resections, this might positively affect 
long-term prognosis [14, 15, 23, 28, 35].

In the treatment of locally advanced (primary) 
rectal cancer, there is strong evidence that preop-
erative timing of (chemo)radiotherapy is more 
effective than postoperative [8, 36]. Preoperative 
tumor volume reduction which can be caused by 
preoperative radiotherapy increased the likeli-
hood of complete resections [28].

In most studies, concomitant chemotherapy 
was used in combination with re-irradiation 
instead of radiotherapy only. In primary rectal 
cancer patients, chemoradiation resulted in 
better LC than radiotherapy alone, without a 
positive effect on overall survival  [37–40]. A 
study by Yu et al. demonstrated that responses 
for LRRC were significantly lower compared to 
primary rectal cancer, which justifies future 
investigations into improving or intensifying 

chemotherapy and radiotherapy for LRRC 
patients [34].

The addition of systemic chemotherapy to the 
neoadjuvant treatment of LRRC is rapidly gain-
ing popularity. This development followed 
promising results in the treatment of locally 
advanced primary rectal cancer, where the com-
bination of neoadjuvant chemotherapy and 
chemoradiotherapy was reported to increase 
the rate of R0 resection rates [41–44]. The role 
of systemic chemotherapy in the neoadjuvant 
treatment of LRRC is even less clear. A recent 
study from van Zoggel et al. [45] demonstrates 
high pathological complete response (pCR) 
rates in patients with LRRC after a new sequen-
tial neoadjuvant regimen consisting of induc-
tion chemotherapy followed by chemoradiation 
therapy. The reported pCR rate of 17% is compa-
rable to results in patients treated with chemo-
radiotherapy for locally advanced primary 
rectal cancer [46]. The use of intensified neoad-
juvant treatment regimens generates a new 
hypotheses with regard to the treatment of 
LRRC and requires further validation in future 
study designs. The multicenter randomized 
controlled PelvEx II trial will start accrual in 
September 2020, with 365 patients with LRRC 
after partial mesorectal excision (PME)/TME 
surgery receiving either neoadjuvant chemora-
diotherapy alone or induction chemotherapy 
and chemoradiotherapy prior to surgery. This 
study will start in seven expert centers centers 
in the Netherlands. International partners from 
across The PelvEx Collaborative will join the 
study in 2021. 

Summary Box

●● LRRC in previously irradiated patients is a 
heterogeneous disease and complete sur-
gical resection should be the primary goal 
of treatment.

●● Preoperative tumor volume reduction by 
re-irradiation appears to be safe and 
seems to be of additional value to obtain-
ing R0 resections.

●● Evidence to support routine re-irradiation 
is lacking. Further research and trials are 
needed to establish the value of re-
irradiation in recurrent rectal cancer.

●● Patients should be treated in dedicated 
centers that prospectively collect informa-
tion and collaborate with other interna-
tional units.
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Background

Locally advanced or recurrent pelvic malig-
nancy can result in debilitating symptoms, 
causing a significant impact on the quality of 
life (QoL) of affected patients [1–3]. Symptoms 
often include intractable pain, bleeding, pelvic 
sepsis, obstruction, and fistula formation. 
Pelvic exenterative surgery (PES) with curative 
intent, defined as the radical en-bloc resection 
of multiple endopelvic and exopelvic struc-
tures with clear margins (R0 resection), fol-
lowed by reconstruction or diversion of visceral 
functions, can relieve symptoms and improve 
QoL, and is potentially lifesaving.

Pelvic exenteration, however, is major sur-
gery with long operating times (5–14 hours), 
significant blood loss, and high perioperative 
morbidity and mortality rates (40–90% and 
0–24% respectively), despite gradual improve-
ments in surgical technique and perioperative 
practice [4]. Therefore indications for curative 
exenteration are carefully assessed and the pro-
cedure is normally reserved for selected patients 
without extrapelvic disease and who are consid-
ered to be in good general health.

Patients in whom an R0 resection is unlikely 
to be achieved or those with distant metastatic 
disease are typically not considered candidates 
for pelvic exenteration. These patients may, 

however, benefit from palliative treatments 
such as chemotherapy and radiotherapy or pal-
liative procedures such as formation of a colos-
tomy or urinary diversion for symptom relief. 
In some centers, palliative exenteration is con-
sidered for symptom relief in highly selective 
patients. However, this topic remains contro-
versial. Some argue that there is no indication 
for palliative exenteration as the high proce-
dural morbidity is not suitable in palliative 
patients with a limited overall survival (OS). To 
date, there are limited data on the role of pal-
liative exenteration in patients with severe 
symptoms due to advanced pelvic malignan-
cies [3, 5–8].

Historical Perspective

Pelvic exenteration was first reported by 
Brunschwig in 1948 and was actually proposed 
as a palliative procedure for locally advanced 
or locally recurrent malignancies  [9]. It 
was  indicated for patients without distant 
metastases, but with locally advanced tumors 
causing disabling symptoms such as pain, 
bleeding, pelvic sepsis, and fistulae, in whom 
other treatment options were exhausted. 
Initially, results were quite discouraging, with 
perioperative mortality rates of 23–33% and 
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quite significant morbidity. However, the 
potential benefits were clearly expressed by 
Brunschwig himself: “Because of the advanced 
stage of disease, it is not to be anticipated that 
many patients will survive for prolonged peri-
ods. On the other hand, of those surviving, not 
one has expressed the feeling that they would 
have preferred to have remained as they were 
and not to have had the operation.” [9]

In the following years, exenteration was 
increasingly performed and the technique 
was further refined. Importantly, a consensus 
was formed regarding relative and absolute 
contraindications based on incurability: dis-
tant and peritoneal metastases and invasion 
into major nerves, common iliac vessels, and/
or pelvic bones precluding R0 resection  [10–
14]. The indications for pelvic exenteration 
have continued to gradually expand higher and 
wider with increased experience, the advent of 
better imaging, and multimodality strategies 
involving coordinated specialties. Due to this, 
exenteration is now a well-established cura-
tive-intent option with acceptable morbidity 
and mortality in locally advanced primary or 
recurrent colorectal, urological, gynecological, 
and soft tissue malignancies  [15–17]. With 
this broader indication for curative pelvic 
exenteration developing over time, the indica-
tion for palliative exenteration has become 
less well defined. The first report on palliative 
exenteration that would equate to current 
standards stems back to 1976, when Deckers 
et al. argued that pelvic exenteration as inten-
tional palliation can be of benefit to selected 
patients  [13]. However, there is still no real 
international consensus with regards to the 
definition and the indication for palliative 
exenteration [5, 7, 18–21].

Definition

The World Health Organization emphasizes 
that palliative care neither hastens nor post-
pones death, but provides relief from distress-
ing symptoms [22]. In view of this, surgery can 

have a palliative role if the benefits in terms of 
symptoms relief outweigh the potential disad-
vantages in terms of postoperative morbid-
ity  [23, 24]. A recent systematic review for 
malignant bowel obstruction, however, 
showed that palliative surgery does come at a 
high cost, in particular with regards to pro-
longed convalescence relative to the patient’s 
remaining survival time  [25]. This probably 
also holds true for palliative exenteration, and 
it is clear that surgeons should present realistic 
expectations of palliative surgery in this 
setting.

The definition of what constitutes palliative 
pelvic exenteration remains ill-defined, with 
considerable heterogeneity to date [2, 3, 5–8, 
19, 26]. Quyn et al., for instance, defined an 
exenteration as palliative if there is known 
presence of extrapelvic disease and/or if clear 
margins cannot be achieved  [3]. Schmidt 
et  al. defined palliative exenteration as the 
presence of distant metastasis, positive peri-
toneal lavage, or perforation into the pouch of 
Douglas, as well as in cases when complete 
tumor removal was not possible  [26]. 
Finlayson et  al. offered three definitions of 
palliative exenteration and differentiated 
between patients operated on specifically for 
symptom control, those operated on as part of 
salvage therapy, and patients operated on 
with curative intent in whom surgical find-
ings indicated incurable disease  [2], while 
Magrina et al. defined palliative exenteration 
as tumor extension to the lateral pelvic wall, 
or positive pelvic/para-aortic lymph 
nodes [19], and Stanhope et al. used a similar 
criterion with the addition of bony involve-
ment or distant metastases [27]. Additionally, 
it should be noted that some articles mention 
the word palliative when the procedure was 
actually performed with curative intent but 
was unsuccessful [28–30].

Summarizing the above information, we 
propose the following definition of pallia-
tive exenteration: a pelvic exenteration 
performed with the aim of symptom relief 
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in patients with known distant metasta-
ses, peritoneal disease, retroperitoneal or 
para-aortic lymph node metastases, and/
or pelvic disease where an R0 resection 
with curative intent is expected not to be 
possible.

Indications

There is varying indication for palliative 
exenteration across the literature (Table 25.1). 
At one of the spectrum, many surgeons still 
consider it to be contraindicated in all 
patients, as the morbidity of the surgery is 
likely to always outweigh any potential QoL 
benefits [2, 5, 6, 31–34]. This is compounded 
by the fact that it is quite difficult to select 
patients and consent them successfully in 
this setting, as the stakes are quite high and 
not always predictable. As a result, some 
stress the use of less maximally invasive 

palliative treatments to alleviate symptoms 
such as a diverting colostomy, endoscopic 
stent placement, suprapubic catheter, or pal-
liative radiotherapy and/or chemotherapy, in 
addition to palliative pain and symptom 
management [3, 14, 24, 32, 35–37].

Some physicians do not completely out-rule 
palliative exenteration, but consider it an abso-
lute last resort to alleviate symptoms [1, 2, 38, 
39]. There are advocates that call for the select-
ing of patients with severe symptoms who are 
physically and emotionally able to tolerate the 
surgery and may benefit from it even in the 
setting of extensive local and/or distal dis-
ease [8, 13, 40]. However, most offering selec-
tive palliative exenteration do not in patients 
with a life expectancy of less than six months 
(in view of the recovery time following the sur-
gery), or in those with severe comorbidities 
(such as cardiac, pulmonary, renal, dementia, 
or cachexia due to distant metastases), or those 
with extensive local tumor progression who 

Table 25.1  Reported indications for PPES.

Origin of tumor Main indication Extent of tumor

Colorectal
Colon
Rectal
Anal

Gynecological
Vulval
Vaginal
Cervical
Uterine/endometrial
Ovarian

Urological
Urethra
Prostate
Bladder

Melanoma
Sarcoma

Pain
Bleeding

Hematuria
Rectal
Vaginal

Obstruction
Urine
Bowel

Incontinence
Urine
Fecal

Fistula
Recto-vesical
Recto-prostatic
Recto-vaginal
Vesico-vaginal

Ulcerative/fungating tumor
Pelvic sepsis
Fever
Malodorous

Locally irradical tumor progression
Nodal metastases

Pelvic/lateral
Inguinal
Para-aortic

Peritoneal metastases
Distant metastases
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require high sacral resections or have lower 
limb lymphedema, and patients who will 
unlikely benefit from the procedure with 
regards to symptom relief [41, 42].

In summary, the ideal candidate for a 
palliative pelvic exenteration would be a 
fit patient, with limited and chemo-
responsive distant disease, who has pelvic 
symptoms that are thought treatable with 
exenteration, and who cannot be equally 
palliated with a less-invasive option.

Selecting eligible patients for palliative exen-
teration is a difficult and clouded process [13]. 
Therefore it is advisable that patients are dis-
cussed in a specialized multidisciplinary team 
(MDT) meeting. Quyn et  al. reported that 
advances in preoperative imaging and the 
introduction of an exenteration MDT meeting 
improved assessments of disease and operative 
planning. This resulted in a reduction in the 
percentage of patients undergoing palliative 
exenteration from 11 to 8% [3].

When a patient is found surgically and medi-
cally eligible for a palliative exenteration after 
MDT consensus, the treating clinician must 
inform the patient and their relatives thor-
oughly and discuss the procedure in detail, 
providing them with a realistic assessment 
regarding its efficacy in terms of palliation and 
potential adverse outcomes. It is also impor-
tant to clearly discuss limits on subsequent 
care, and an open, frank, shared decision-mak-
ing process should be actively encouraged.

Outcomes

One of the difficulties of analyzing the results 
from palliative exenteration series is the con-
siderable heterogeneity that exists in terms of 
tumor location, the definition of palliative 
exenteration, and the indications used  [3, 7, 
14, 19, 27]. Furthermore, studies are mostly 
retrospective and do not have a uniform defi-
nition for outcome reporting  [3, 8, 27, 40]. 

Nevertheless, an overview of the results is 
given in Table 25.2.

Morbidity and Mortality

Despite advances in surgical techniques and 
better perioperative care, one of the main con-
cerns with palliative exenteration is the associ-
ated high rates of morbidity and mortality [3, 
8, 49, 56]. Some would go as far as to suggest 
that the significant mortality and morbidity 
associated with pelvic exenteration preclude 
its use as a palliative procedure [57]. Overall, 
the median (range) in-hospital morbidity rate 
is 53% (13–100%) [3, 8, 19, 27, 39, 40, 43, 46, 48, 
49, 52]. Most reported major surgical compli-
cations relate to flap failure and urosepsis/
urine leak. In-hospital mortality directly 
related to palliative exenteration is 10% 
(0–67%) [3, 5, 7–9, 11, 13, 18, 19, 26, 27, 39, 40, 
43, 45, 46, 48, 49, 52, 54].

Quyn et al. reported results after 39 palliative 
exenterations for a variety of malignancies for 
symptom control. Though there were no in-
hospital deaths, one-third of patients experi-
enced a major morbidity [3]. They concluded 
that in view of comorbidities, palliative exen-
teration can be performed in an expert center, 
since their complication rates approached 
those having curative resections.

Symptom Relief

To date, 12 studies have been published on 
symptom relief following palliative exentera-
tion. Seventy-six percent of patients experi-
enced some reduction in reported symptoms 
(50–100%) [6–9, 13, 40, 43, 58–62]. Six studies 
observed a median duration of symptom relief 
of 14 months (8–18 months) [7, 13, 43, 58, 61, 
62]. However, these results must be interpreted 
with caution as there was no mention of which 
symptoms were being palliated in the majority 
of these studies. As shown in Table 25.2, many 
studies did not mention symptom relief at all. 
Quyn et  al., for instance, reported mainly on 
QoL after palliative exenteration mainly 



Table 25.2  Historical overview of selected series in the English literature reporting on outcomes of PPES.

Author, year

Number 
of 
patients Cancer types (%)

Disease 
progression 
beyond pelvis (%)

Main indication/
reason palliative

Type of 
exenteration 
performed 
(%)

Hospital 
stay 
(days)

Hospital 
morbidity 
(%)

Hospital 
mortality 
(%)

Postoperative 
QoL

Symptom 
relief (%)

Median 
symptom-
free 
survival 
(months)

Median 
OS 
(months)

Conclusion on 
palliative 
exenteration

Quyn et al., 
2016 [3]

39 Colorectal (79; 
recurrent 56 and 
primary 23)
Gynecological (8)
Bladder (5)
Sarcoma (5)
Melanoma (4)

Liver mets (12)
Nodal mets (21)
Peritoneal 
mets (21)
Irradical pelvic 
resection (48)

Pain
Bleeding
Fistula
Prognosis

Resection of 
tumor and 2+ 
adjacent 
organs/bone/
neurovascular 
structures, 
involving 3/5 
or more pelvic 
compartments

18 34
(grade 
III/IV 
21%)

0 Worse than 
preoperative

— — 24 Controversial 
and questionable 
effect

Pathiraja 
et al., 
2014 [40]

18 Cervical (67)
Vulvar (27)
Endometrial (6)

Irradical pelvic 
resection

Pain
Malodor
Bleeding
Fistula

Total (50)
Anterior (27)
Posterior (22)

24 78
(long 
term: 39)

0 — 78 — 11 Technically 
feasible in 
carefully selected 
patients

Schmidt 
et al., 
2012 [26]

149 Cervical Distant mets
Peritoneal mets
Irradical pelvic 
resection (R1)

> 5 cm tumor
Fistula
Recurrences 
meeting the 
criteria for 
primary 
exenteration

Total (96)
Anterior (2)
Posterior (2)

— 511 51 — — — 14 Previous 
contraindication 
should be 
reconsidered

Guimarães 
et al., 
2011 [8]

13 Cervical (69)
Endometrial (15)
Leiomyosarcoma (15)

Distant mets
Retroperitoneal 
nodal mets
Peritoneal mets
Irradical pelvic 
resection

Fistula
Pain
Malodor
Bleeding

Total 15 38.4 15 Improved 100 — 5 In highly selected 
patients only: 
role yet to be 
established

Fotopoulou 
et al., 
2010 [39]

22 Cervical
Vaginal
Ovarian1

Distant mets/
para-aortic lymph 
nodes
Peritoneal mets

Bleeding
Bowel 
obstruction
Fistula

Total
Anterior
Posterior1

291 82 8.51 — — — 4 Considerable in 
highly selected 
patients to 
improve QoL



Author, year

Number 
of 
patients Cancer types (%)

Disease 
progression 
beyond pelvis (%)

Main indication/
reason palliative

Type of 
exenteration 
performed 
(%)

Hospital 
stay 
(days)

Hospital 
morbidity 
(%)

Hospital 
mortality 
(%)

Postoperative 
QoL

Symptom 
relief (%)

Median 
symptom-
free 
survival 
(months)

Median 
OS 
(months)

Conclusion on 
palliative 
exenteration

Nishio et al., 
2009 [48]

14 Colorectal Irradical pelvic 
resection

Postoperative 
due to irradical

Total 1431 — 121 — — — 14 Total 
exenteration may 
have better 
outcomes when 
performed with 
curative intent

Marnitz 
et al., 
2006 [46]

18 Cervical Preoperative 
irradical pelvic 
resection expected

No alternative 
treatment 
available

Total (93)
Posterior (5)
Anterior (2)5

37.61 581 5.51 — — — 8 Should be offered 
in recurrent 
disease where 
radical resection 
seems unlikely

Vieira et al., 
2004 [49]

9 Colorectal R1 and R2 
resections
Abdominal or 
systemic mets

Pain
Weight loss
Bleeding
Change in bowel 
habits
Mucorrhea
Fistula
Fever
Pneumaturia5

Colectomy 
and en-bloc 
one or more 
organs/
structures

111 77.8 66.7 — — — 3.1 Could benefit 
selected patients 
when cautiously 
indicated

Kamat 
et al., 
2003 [43]

14 Prostate None Pain
Dysuria
Hematuria
Fecal and 
urinary 
incontinence

Total — 50 0 — 79 14.1 24 Feasible in highly 
selected patients

Magrina 
et al., 
1997 [19]

30 Cervical
Endometrial
Vaginal
Colorectal
Vulval

Nodal mets 
(pelvic, aorta, 
sidewall)

Bleeding
Malodorous
Pain
Irresectable 
nodal mets

Total
Anterior
Posterior
“Extended”

26.61 571 6.71 — — — 14 Shorter survival 
after palliative 
exenteration

(Continued)



Author, year

Number 
of 
patients Cancer types (%)

Disease 
progression 
beyond pelvis (%)

Main indication/
reason palliative

Type of 
exenteration 
performed 
(%)

Hospital 
stay 
(days)

Hospital 
morbidity 
(%)

Hospital 
mortality 
(%)

Postoperative 
QoL

Symptom 
relief (%)

Median 
symptom-
free 
survival 
(months)

Median 
OS 
(months)

Conclusion on 
palliative 
exenteration

Woodhouse 
et al., 
1995 [7]

10 Colorectal
Bladder
Vulval/vaginal
Cervical
Anal

Local nodal mets 
(pelvic, sidewall)
Bone involvement
Irradical pelvic 
resection
None

Pain
Discharge
Hematuria/
dysuria

Total (60)
Anterior (39)

— Early: 20
Late: 60

0 Improved in 
80%

80 > 18 17 In highly selected 
patients and 
appropriate 
multispeciality 
care, exenteration 
can be of 
palliative value

Brophy, 
et al. 
1994 [5]

35 Colorectal
Bladder/renal/
urethral
Cervical/Ovarian

Distant mets
Irradical pelvic 
resection (R1/R2)
None

Pain (33)
Bleeding (31)
Fistula (20)
Obstruction (17)

Total (31)
Anterior (37)
Posterior (31)
(Extended in 
48%)

— 47 3 Improved in 
88%

— — 20 Aggressive 
treatment can be 
considered in 
selected patients 
after a 
multimodality 
approach

Stanhope 
et al., 
1990 [18]

16 Cervical 
adenocarcinoma

Nodal mets 
(para-aortic/
pelvic)
Irradical pelvic 
resection

Intraoperatively 
due to no 
curative 
resection 
possible

Total
Anterior
Posterior

— 381 4.21 — — — 14 Better imaging 
may improve 
patient selection

Rutledge 
and 
McGuffee, 
1987 [45]

44 Cervical
Vaginal
Endometrial
Vulval
Urethral
Colorectal

Nodal mets Intraoperatively 
positive nodes 
found

Total
Anterior
Posterior

— — 6.8 — — — 26.3%2 Futile in case of 
irradical 
resections or 
distant mets. May 
be justified in 
selected patients 
with regional 
nodes

Stanhope 
and 
Symmonds, 
1985 [27]

59 Cervical
Vaginal/vulvar
Endometrial
Colorectal
Bladder/urethral
Melanoma

Nodal mets 
(para-aortic/
pelvic 66)
Peritoneal 
mets (15)
Distant mets (10)
Irradical pelvic 
resection (8)

Fistula
Intraoperatively 
due to no 
curative 
resection 
possible

Total (57)
Anterior (41)
Posterior (2)

22 — 5.1 — — — 19 Reasonable in 
selected patients 
by experienced 
pelvic surgeons if 
good clearance of 
cancer can be 
achieved

Table 25.2  (Continued)



Author, year

Number 
of 
patients Cancer types (%)

Disease 
progression 
beyond pelvis (%)

Main indication/
reason palliative

Type of 
exenteration 
performed 
(%)

Hospital 
stay 
(days)

Hospital 
morbidity 
(%)

Hospital 
mortality 
(%)

Postoperative 
QoL

Symptom 
relief (%)

Median 
symptom-
free 
survival 
(months)

Median 
OS 
(months)

Conclusion on 
palliative 
exenteration

Rutledge 
et al., 
1977 [52]

53 Cervical
Colorectal
Bladder
Vulval
Bladder/urethral

Nodal mets 
(pelvis/
inguinal 57)
Irradical pelvic 
resection (43)

Intraoperative 
due to nodal mets
Postoperative 
due to irradical 
pelvic resection

Total
Anterior
Posterior

— 701 13.51 — — — 6%2 Not advisable; 
palliative benefit 
doubtful due to 
short survival

Deckers 
et al., 
1976 [13]

8 Cervical (50)
Bladder (25)
Colorectal (25)

Distant mets
Peritoneal mets
Nodal mets 
(para-aortic)
Non-cancerous 
(hydronephrosis, 
dementia, 
cardiac)

Fistula
Pain
Bleeding
Infections
Incontinence

Total (63)
Anterior (36)

— 13 0 Improved in 
all patients

100 15 15 To be considered 
in symptomatic 
patients

Barber and 
Jones, 
1971 [11]

97 Cervical Nodal mets Retrospective 
upon 
histopathology

— — “high” 21.6 “difficult” — — 5.1%2 Contraindicated

Brunschwig 
and Barber, 
1969 [54]

26 Colon (35)
Vulval (38)
Vaginal (12)
Cervical (15)

Irradical pelvic 
resections
Bone involvement

Pain or 
“desperate 
circumstances”
Retrospective 
due to survival 
time

Total (with/
without bone)
Posterior 
(with/without 
bone)
Anterior

— “many” 31 — — — 14 
(colon)
9.7 
(vulval)
12 
(vaginal)
10 
(cervical)

High 
complication rates 
and low survival; 
however, may be 
considered in 
selected patients

Brunschwig, 
1948 [9]

22 Cervical (68)
Vaginal/vulval (9)
Sarcoma (5)
Uterus (5)
Colon (5)
Unknown (5)

None Pain
Discomfort
Fistula
Pelvic sepsis

Total — — 23 Improved in 
all patients 
still alive and 
out of 
hospital (50%)

59 — 8 Justified in 
selected patients 
without extra 
pelvic spread and 
whose disease 
cannot be 
controlled by 
other measures

mets, Metastases.
Dashes indicate not reported.
1Reported for entire palliative and curative exenteration cohort.
2Five-year survival (%).
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because there was no durable palliation of 
symptoms [3].

Quality of Life

There have been several studies looking at QoL 
after curative pelvic exenteration  [1, 51]. 
Patients reported similar levels of emotional 
functioning and QoL compared to the healthy 
population shortly after recovery from sur-
gery [1, 50, 51, 63, 64]. Following palliative pel-
vic exenteration, QoL has been reported in 10 
studies [3, 5, 7–9, 11, 13, 53, 60, 65]. The best-
quality study was performed by Quyn et  al. 
who had prospective follow-up QoL question-
naires completed by their patients and showed 
that, unlike in the curative setting, palliative 
exenteration patients gradually experienced a 
sustained decline in QoL after surgery until 
death [3]. They concluded that no dramatic or 
durable palliation of symptoms, or improved 
or sustained QoL was observed after palliative 
exenteration. Therefore many debate that its 
role remains questionable.

There was only one other prospective study 
on QoL after palliative exenteration, reporting 
an 88% improvement in 35 patients. However, 
this study used a non-validated question-
naire [5]. Additionally, there were eight lower-
quality studies that reported on QoL after 
palliative exenteration, but they did not men-
tion how the QoL assessment was performed, 
making interpretation difficult. Of these stud-
ies, six mentioned an improvement in QoL, 
while two studies described a decline in post-
operative QoL.

Overall Survival

Median OS following palliative pelvic exenter-
ation is 14 months. However, differences in 
reports to date (3–40 months) reflect differ-
ences in tumor biology, extent of disease, and 
definitions used [3, 5, 7–9, 11, 13, 18, 19, 26, 27, 
39, 40, 43, 45, 46, 48, 49, 52, 54].

You et  al. demonstrated a reduced QoL in 
cases of R2 resection with a similar short life 

expectancy when compared to non-operative 
patients  [53]. Finally, a meta-analysis of sur-
vival based on resection margins for rectal can-
cer showed that patients with R1 resections 
have a significantly reduced survival compared 
to R0 resections, while there is no survival ben-
efit compared to less-invasive palliative meas-
ures after an R2 resection [66].

Despite the heterogeneity of most palliative 
pelvic exenteration studies, there are some 
reports on single tumor types. Twelve studies 
have been published on colorectal palliative 
exenteration with a median OS of 10 months 
(3–14 months) [6, 15, 44, 47–49, 55, 60–62, 67, 
68]. Six studies have reported OS after pallia-
tive exenteration for cervical cancer with a 
median of 14 months (5–14 months)  [10, 11, 
18, 26, 46, 58]. There are two studies that 
reported on palliative exenteration for pros-
tate carcinoma showing median survival 
rates of 17 and 24 months respectively  [43, 
59]. In summary, OS after palliative pelvic 
exenterative surgery (PPES) is short for all 
tumor types. However, survival is clearly not 
the best measure of success in this patient 
category.

Future Directions

Since the first report on exenterative surgery 
in 1948, the definition and indications for pal-
liative have changed significantly, likely due 
to increasing experience, improvements in 
radiology and adjuvant therapy, and the intro-
duction of new techniques. It is likely that 
these definitions and indications will con-
tinue to evolve in the future with the introduc-
tion of more effective systemic and local 
therapies, such as immunotherapy, precision 
radiotherapy, and radiological chemo-emboli-
zation. The role for minimally invasive sur-
gery remains undefined, but there are 
increasing reports of the feasibility of this in 
the literature, with case series on laparoscopic 
and robot palliative exenteration becoming 
available [28, 40, 69].



﻿ Reference  239

Despite this, there is simply no good evi-
dence regarding the current role of palliative 
exenteration, which makes it difficult to either 
recommend or deny surgical management for 

these patients [2, 3, 14, 40]. Future prospective 
studies are needed to establish palliative exen-
teration as a treatment option, using validated 
instruments of QoL. 
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Background

Since the late 1990s, the oncologic outcomes 
for primary rectal cancer have significantly 
improved, in part due to refinements in neoad-
juvant chemoradiotherapy and revising the 
surgical approach to rectal cancer resection. 
The concepts of total mesorectal excision 
(TME) and circumferential resection margin 
(CRM) radicalized rectal cancer surgery and 
translated into an improved local and distal 
recurrence, along with prolonged overall sur-
vival. TME refers to complete removal of the 
lymph node bearing mesorectum along with its 
intact enveloping fascia. TME dissection occurs 
in the areolar plane between the visceral fascia 
that envelops the rectum and mesorectum and 
the parietal fascia that envelops the pelvic wall 
structures. The CRM corresponds to the non-
peritonealized surface of the resection speci-
men created by the dissection of the 
subperitoneal aspect of the rectum. Reported 
five-year rates of local recurrence, even with-
out radiotherapy, were as low as 5% [1, 2] and 
less than 10% for transmural or node-positive 
rectal cancers [3–5]. This is in contrast to local 
recurrence rates of 14–40% in series published 
before the use of TME dissection.

Studies have demonstrated a local recurrence 
rate of 55% for cases with tumor at the CRM vs. 

28% for cases with tumor 1 mm or less from the 
CRM  [6, 7]. Despite these improvements, a 
10% rate of local recurrence [3] remains a con-
siderable burden  [8]. In the UK, 14 000  new 
cases of rectal cancer are diagnosed every year, 
and 40 000 in the USA, of which between 5 and 
10% are locally invasive (T4) at presentation 
[9, 10]. By definition, this cohort has a compro-
mised CRM, adjacent organ involvement, and 
a worse oncological outcome. Historically, 
local invasion into other organs/structures was 
a contraindication to surgery, resulting in a 
median survival of less than one year and 
a  five-year overall survival of less than 5% 
[11–13]. However, pelvic exenteration entail-
ing multi-organ resection will increase the 
five-year survival rate for the locally advanced 
disease to a range between 22 and 66% [14–17]. 
It is important to take into account the lack of 
uniformity in defining locally advanced rectal 
cancer (LARC) when interpreting related stud-
ies. For patients who develop local recurrent 
rectal cancer (LRRC), the five-year survival 
ranges from 28 to 35% after curative sur-
gery  [18–22]. The complexities behind LARC 
and LRRC are summed up by tumor-specific 
factors (e.g. lack of clear delineation between 
failure of surgical technique vs. aggressive 
biology in dictating tumor recurrence, lack of 
an early screening tool to detect recurrence, 
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the eventual therapy resistance emerging in 
recurrent tumors), patient-specific factors (e.g. 
poor quality of life after pelvic exenteration, 
poor overall survival), and surgery-specific fac-
tors (e.g. high postoperative morbidity rates, 
very complex surgery particularly when the 
anatomy is disrupted because of previous irra-
diation and surgical resections). Standard TME 
is rarely sufficient in LARC and LRRC, and 
therefore techniques to achieve extended mul-
tivisceral resections are required (Figures 26.1 
and 26.2). Table 26.1 describes the relative and 
absolute contraindications of LARC and LLRC.

Tumor Biology and its Effect 
on Oncological Outcomes

The anatomical basis of the TME hypothesis 
assumes that the rectum and its mesorectum 
constitute a single self-contained one embry-
onic entity. Lymph nodes are randomly distrib-
uted within the mesorectum, the majority of 
which are neither all visible nor palpable. The 
size of the normal mesorectal lymph nodes in 
approximately 80% of cases is less than 3 mm. 
Most of these are located posteriorly, and 92% 
of the posterior lymph nodes lie within the 
superior half of the upper two-thirds of the 

rectum  [23]. Original models explaining the 
improved outcome of TME assumed that 
metastasis spread via the lymph node route. 
TME allows the removal of the mesorectum 

Figure 26.2  Total 
pelvic exenteration 
specimen. Source: Awad 
M. Jarrar and Scott R. 
Steele.

Figure 26.1  Intraoperative locally advanced 
tumor via multivisceral resection. Source: Awad M. 
Jarrar and Scott R. Steele.
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and any extramural spread contained within 
its fascia, preventing further vertical lymphatic 
spread beyond the mesorectum.

Detailing the biological processes that 
dictate tumor metastasis is beyond the scope of 
this chapter. However, in brief terms, we 
will  emphasize certain aspects that can lead 
to  improved oncological outcomes after 
exenteration. Rectal cancer can metastasize via 
two mechanisms: single-cell dissemination 
through a process called the epithelial–mesen-
chymal transition (EMT) where the epithelial 
cancer cells activate a mesenchymal program 
that allows them to invade, grow in an anchor-
age-independent manner, intravasate in the 
hematogenous circulation, and extravasate in 
distant organs where cancer metastasis will 
ensue. Another model of tumor spread is 
called collective migration, where cancer cells 
located at the tumor’s invasive edge move as 
spearheads, led by cells showing mesenchymal 
invasive phenotype, and dragging behind a 
group of cells with an epithelial phenotype. 
Collective cell migration is associated with 
direct invasion into adjacent structures, while 
hematogenous and lymphatic spread causes 

distal seeding [24]. The newly emerging clin-
icopathological term to describe collective 
migration is tumor budding at the invasive 
front. In colorectal cancer (CRC), high bud-
ding correlated with worse overall survival and 
distal recurrence [25–28]. Consequently, high 
budding also correlated with lower five-year 
disease-free survival (DFS)  [25, 29]. Tumor 
budding was associated with higher T 
stage  [30], lymphatic invasion, venous inva-
sion, lymphovascular invasion, and perineural 
invasion (PNI) [25, 29, 31, 32].

In a recent publication, gene expression data 
of 4151 CRC patients was examined. Five sub-
types emerged. The worst subtype was called 
CSM4 (mesenchymal subtype), where CRC 
cells partly activate the mesenchymal program 
at baseline without the need to go into an EMT 
process. This translated into statistically sig-
nificant worst overall survival, relapse-free, 
and survival after relapse compared to all other 
subtypes. Twenty-three percent of all the CRC 
specimens were CSM4 and around 24% of 
CMS4 were located in the rectum [33].

Local recurrence is thought to be due to 
regrowth of residual microscopic spread after 

Table 26.1  Contraindications for LARC and LLRC.

Relative contraindication Absolute contraindication

Metastasis to retroperitoneal/aortic chain nodes Peritoneal metastasis

Sciatic nerve encasement. Multiple metastases at other distant sites, 
such as pulmonary metastases that are 
not resectable.

High sacral invasion (> S2–S3).

Lateral bone invasion.

Iliac vessel involvement.

The clinical triad of leg edema, ureteral obstruction, and 
leg pain is almost pathognomonic for disease extending to 
the pelvic sidewall and, historically, has generally been 
considered a contraindication to surgery. However, some 
surgeons have reported on an even more radical resection, 
the laterally extended endopelvic resection (LEER), which 
extends the lateral extent of the resection to include 
structures of the pelvic sidewall, including striated muscle 
and vessels. Further study is required to evaluate the 
indications and outcomes of these procedures.
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surgical resection. Neoadjuvant treatment 
helps to sterilize any missed local tumor seed-
ing. R1/R2 resections were a consistent theme 
among all trials, predicting factors associated 
with local recurrence. Distal recurrence, on the 
other hand, is the systematic spread of tumor 
cells via hematogenous and lymphatic routes. 
Adjuvant systematic cytotoxic therapy facili-
tates the elimination of these spreading cancer 
cells. Over the past few years, multiple bodies 
of evidence have challenged the dichotomy of 
EMT hematogenous/lymphatic spread vs. col-
lective local infiltrative migration. An impor-
tant study by Rahbari et  al.  [34] investigated 
the outcomes of metastases at various time 
intervals after CRC diagnosis. A total of 1027 
patients were included, with T4 (p < 0.0001) 
and node-positive tumors (p < 0.0001) more 
frequently in the immediate group to develop 
metastasis. Lung metastases (p < 0.0001) and 
single-site metastases (p < 0.0001) were more 
prevalent in the late group. The dormancy 
observed in patients developing late distal 
metastasis in comparison with patients who 
develop synchronous distal disease and show a 
locally advanced primary tumor suggest two 
distinct biological processes driving the meta-
static process.

A third mixed pathway exists where cancer 
cells spread via collective migration and inva-
sion, but to a much further distance, using 
pathways of least resistance. An example is 
PNI, where cancer cells attach to and invade 
the subspace between the connective tissues 
surrounding the neurons. In a meta-analysis of 
11 studies including 3837 patients with rectal 
cancer PNI was reported to be present in 25% 
(range 10–38%) of the patients. PNI was signifi-
cantly associated with high tumor stage, poor 
tumor differentiation, incidence of metastasis 
at time of diagnosis, and lymphatic and venous 
invasion. PNI was independently associated 
with poor survival in seven of eleven studies, 
and three of eleven studies confirmed a posi-
tive association on univariate analyses [35].

Similar to PNI, the presence of extranodal 
tumor deposits (ENTD), as independent enti-

ties or part of perivascular, perilymphatic, or 
perilymphovascular space, were evaluated as 
part of a meta-analysis involving 19,980 
patients  [36]. There was a significantly 
increased odds ratio (OR) of having ENTD if 
extramural venous invasion was present, with 
a pooled OR of 2.51 (95% CI 2.27–2.77, 
p < 0.001.) The pooled hazard ratio for adverse 
overall survival in patients with ENTD was 
1.63 (95% CI 1.44–1.61, p < 0.001). In a fashion 
similar to PNI spread, rectal cancer can utilize 
these available pathways of least resistance to 
collectively migrate and invade locoregional 
lymph nodes. A new emerging body of litera-
ture is supporting the continuity of the mesen-
tery with its rich lymphatics between the 
rectum, colon, and small intestine  [37]. This 
concept has the potential to open a new wide 
highway for rectal cancer to invade in a collec-
tive local fashion, but with far outreach to dis-
tal lymph nodes. Lymph node metastases can 
be the result of this inherent tumor phenotype 
of collective migration as well as EMT.

The autopsies of 1393 patients with meta-
static CRC where reviewed for patterns of 
regional lymph node metastasis. Lymph node-
positive and -negative CRC patients were com-
pared. Patients with regional lymph 
node-positive CRC were more often found to 
develop peritoneal metastases (28 vs. 21%, 
p = 0.003) and distant lymph node metastases 
(25 vs. 15%, p < 0.001). The incidences of liver 
and lung metastases were comparable in both 
groups. Regional lymph node-positive CRC 
shows a slightly different dissemination pat-
tern, with higher rates of peritoneal and dis-
tant lymph node metastases. Comparable 
incidences of liver and lung metastases sup-
port the hypothesis that dissemination to dis-
tant organs can occur independently of 
lymphatic spread [38, 39].

To summarize, LRRC emerges from missed 
tumor microseeding post-surgical resection. 
Despite our best efforts, the recurrence rate of 
rectal cancer, particularly after advancing 
locally and breaking the TME plane, should 
motivate the surgical field for better patient 



Oncological Outcomes and Radiation    Therap ﻿ 247

stratification to identify patients with a high 
risk of seeding. Suggested criteria include histo-
pathological markers associated with invasion 
such as PNI, extramural vascular invasion, 
tumor budding, and ENTD. In addition, the 
new molecular subtype with very negative pre-
dictor outcome (CSM4) should be further exam-
ined. The traditional thinking of the stepwise 
approach guiding the process of metastasis is 
over simplistic. Unfortunately, an R0 resection 
margin does not negate the microseeding of a 
cancer. The downside of grouping heterogene-
ous rectal cancer patients, with various biologi-
cal behavior and varying surgical procedures, in 
one cohort has the potential to dilute the impact 
of some of the suggested approaches to reduce 
the rate of local recurrence.

Oncological Outcomes 
and Radiation Therapy

Subtotal resection followed by postoperative 
radiation or chemoradiation was the standard 
treatment for patients with LARC. The 
reported failure rates ranged from 40 to 70% 
and improved with dose escalation  [40]. In a 
Dutch TME trial [41] evaluating short-course 

radiation therapy, 120 patients in the surgery-
alone arm had a positive CRM. The two-year 
local recurrence rate in positive-margin 
patients was 17% in those who received postop-
erative radiation vs. 16% in patients who did 
not. The local recurrence rate in the preopera-
tive radiation-alone arm among patients with 
positive resection margin was 9% and not sig-
nificantly different from the 16% local recur-
rence rate in the margin positive surgery-alone 
arm (p = 0.08) [41]. In sum, these data suggest 
that doses in excess of 60 Gy are likely required 
for control of microscopic disease at least in 
the postoperative setting. In patients with very 
locally advanced disease, a number of investi-
gators have evaluated higher doses of radiation 
in conjunction with fluorouracil (5-FU) as a 
strategy to improve disease control and sur-
vival. Toxicity to the small bowel descending in 
the pelvis can limit dose escalation for patients 
with rectal cancer. An alternative strategy is to 
combine external radiation and chemotherapy 
preoperatively with an intraoperative radio-
therapy (IORT) boost at the time of surgery 
(Figure 26.3). A number of observational expe-
riences have been published reporting the 
results of IORT for advanced LARC. Local 
control rates of 90% or higher are generally 

Figure 26.3  IORT to the 
pelvic sidewall following 
resection of a locally 
advanced tumor. Source: 
Awad M. Jarrar and Scott 
R. Steele.
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reported with survival at five years in the range 
of 50–80%. The predominant pattern of relapse 
is distant disease. The lack of unbiased con-
temporary controls in most series hampers the 
ability to draw definitive conclusions regarding 
the added benefit of IORT despite the excellent 
results reported. Non-randomized compari-
sons suggest improvements in local con-
trol [42–45]. In a French study [46], there was 
no difference in local control or survival with 
the addition of IORT. However, 90% of patients 
in the study had T3 as opposed to T4 tumors 
and the local control rate of 93% in the non-
IORT arm suggests that most of the patients 
enrolled did not meet the definition of locally 
advanced disease.

It has been demonstrated that re-irradiation 
in the setting of recurrent rectal cancer can be 
performed with acceptable late toxicities. In a 
series of 103 patients with recurrent previously 
irradiated rectal cancer, patients were retreated 
with 15–49.2 Gy (median 34.8 Gy) with 5-FU 
followed by surgery in 34 patients  [46]. Late 
complications were observed in 21% of 
patients, including chronic severe diarrhea 
(17%), small bowel obstruction (15%), fistula 
(4%), and skin ulceration (2%). Previous results 
suggest the utilization of radiation therapy for 

pelvic field sterilization in patients with rectal 
cancers and high-risk features.

Outcomes of the Largest Pelvic 
Exenteration Series in the 
Literature

Nearly all studies have shown that aggressive 
resection, including that of extended resec-
tions (Figure  26.4), will yield improved long-
term survival and disease control in a 
significant number of patients. The largest two 
outcome studies of pelvic exenteration for 
LRRC [18] and LARC [22] are summarized in 
Table 26.2. The fields marked in blue are sig-
nificantly different between LARC and LRRC. 
Interestingly, median overall survival is 
comparable between node-positive LARC and 
node-positive LRRC. Patients with node posi-
tivity among LARC have a comparable overall 
survival to node-negative LRRC patients as 
well. A significant difference in overall sur-
vival also exists in node-negative patients with 
LARC when compared to LRRC. Additionally, 
the prognostic power of lymph node positivity 
is lost in LRRC. The deductions we can make 

Figure 26.4  En-bloc 
sacrectomy in the 
setting of LARC. Source: 
Awad M. Jarrar and Scott 
R. Steele.



Table 26.2 Outcomes associated with pelvic exenteration for LARC.

Number 
of 
patients

Neoadjuvant 
therapy

R0 
percentage

Mortality 
rate

Major 
complications R0 R1 R2

Bone 
resection

Node-
positive

Node-
negative

Factors by 
multivariante 
analysis to 
predict 
survival

LRRC 1184 51.90% 55.40% 1.80% 32.10% Median 
overall 
survival

36 months 27 months 16 months 36 months 
vs. 
29 months

22 months 29 months Margin status 
and bone 
resection

Three-year 
survival

48.10% 33.90% 15%

LARC 1291 78.10% 79.90% 1.5% 37.80% Median 
overall

43 months 21 months 10 months 37 months 
vs. 
29 months

31 months 46 months Margin and 
node status

Three-year 
survival

56.40% 29.60% 8.10%
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from these significant findings can be summa-
rized as the following take-home points: (i) 
nodal status in LARC is a segregate for rectal 
cancers with varying aggressiveness and 
behavior; (ii) in LRRC, tumor cells have likely 
already gone through a selection process, and 
only the strong resistant phenotype survives; 
and (iii) the biological process leans toward 
homogeneity and aggressiveness in LRRC.

Mortality and Morbidity

Overall Mortality and Morbidity

The first large cohort of multivisceral resec-
tions for locally advanced CRC was published 
in 1946. The procedure was justified by the 
fact that 19 of 34 patients who had undergone 
complete removal of a locally advanced CRC 
had survived “for considerable periods”  [47]. 
The operation was then described as “the most 
radical of abdominal operations that have 
been carried out with some measure of con-
sistency”. Similarly, in 1950, Appleby described 
an operation where he employed “the most 
radical measures” in order to cure LARC in a 
smaller series of eight male patients  [48]. 
Historically, the high morbidity and mortality 
rates associated with pelvic exenteration ques-
tion the benefit of such radicality [49, 50]. For 
years it has not been accepted as a standard 
procedure. Enhanced imaging modalities cou-
pled with the establishment of specialized 
multidisciplinary teams lead to better selec-
tion of surgical candidates. Improvement in 
surgical techniques and perioperative man-
agement translated into improved outcomes. 
Currently, mortality rates vary between 0 and 
5% at one month and 8% at three months [18, 
19]. The causes of death are mainly dissemi-
nated coagulopathies related to prolonged 
blood loss, cardiac events, and pulmonary 
embolism [18, 51, 52]. Morbidity remains sig-
nificantly high, ranging from 13 to 82%  [17, 
53–58], and increases with the complexity of 
resection [3, 59–61].

Intraoperative Complications

Bleeding is the most serious and severe intra-
operative complication and occurs in 0.2–9% of 
cases. It is associated with a high rate of mor-
tality [11–14]. Intraoperative blood loss varies 
according to the type of exenteration per-
formed, with sacrectomy being the strongest 
risk factor. Studies report a median of 4200 cc 
of blood loss for low sacrectomies (  S3) and 
7500 cc for high ones (  S2–S3)  [62]. Similar 
findings have been shown in other series, with 
sacrectomy procedures (compared with differ-
ent operations) being associated with a signifi-
cantly higher mean of blood loss (2854 vs. 
1608 cc, p < 0.001) [58].

Postoperative Complications

The principal postoperative complications 
include pelvic abscess and collection (7–50%), 
sepsis (33%), intestinal obstruction (5–10%), 
postoperative bleed (8%), enterocutaneous or 
entero-perineal fistulas (1–3%), perineal 
wound dehiscence (4–24%), urinary tract infec-
tion (14–47%), cardiovascular, renal, and pul-
monary complications (1–20%), neuropathic 
urinary retention (6–33%), postoperative 
bleeding (8%), and urinary conduit leak 
(22%) [18–21, 48, 50, 58].

Neoadjuvant Treatment and Postoperative 
Complications

The effects of neoadjuvant treatment on post-
operative complications have been explored in 
a few large cohorts of pelvic exenterations. The 
largest contained 1184 patients, of which 
614  had neoadjuvant chemoradiotherapy. 
Patients who received neoadjuvant therapy 
were 1.5 times more likely to experience a 
complication within 30 days (OR 1.53, 95% CI 
1.19–1.97, p < 0.001) and twice more likely to 
get readmitted within 30 days postoperatively. 
(OR 2.33, 95% CI 1.18–4.52, p = 0.013). Use of 
neoadjuvant therapy did not affect duration of 
hospital stay. Patients who had neoadjuvant 
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therapy were no more likely to need surgical 
reoperation (p  =  0.125) but they were more 
likely to have radiological reintervention (OR 
2.12, 95% CI 1.17–3.83, p = 0.012) [18].

Hospital Stay

The median hospital stay after exenteration 
ranges between 15 and 21 days, with 15% 
remaining as an inpatient at 30 days postop-
eratively  [14, 18, 58].The readmission rate 

ranges between 6 and 10%, with 8–24% of 
patients requiring surgical or radiological 
reintervention. In a series of 100 patients 
undergoing exenterations, sacrectomies (25 
vs. 19 days, p = 0.017) and perineal flaps (23 
vs. 18 days, p  =  0.042) were the only two 
factors associated with longer hospital 
course in comparison with patients without. 
Underlying etiology (LARC and LRRC) did 
not affect the duration of hospital stay 
postoperatively [18].  
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Background

The indications for pelvic exenteration (PE) for 
urological origin include advanced prostate 
and invasive bladder cancers. PE can be per-
formed with either curative or palliative intent, 
but all indications are associated with consid-
erable morbidity and/or mortality [1–4].

The management of urological cancer is 
complex, with multiple treatment options 
with varying efficacy. There has been consid-
erable evolution in operative approaches, 
especially with increased uptake of laparo-
scopic and robotic techniques to perform 
extended resection that previously could 
only be performed with an open approach [6]. 
In addition, there have been improvements 
in urological reconstruction and diversion 
options that have impacted on postoperative 
quality of life (QoL).

Prostate Cancer

Prostate cancer is common, with 1.4 million 
cases reported globally in 2016 and 381 000 
associated deaths. It ranks as the most com-
mon cancer in males and is a leading cause of 
cancer deaths  [7]. Despite earlier diagnosis 
due to screening programs, patients still 

present with advanced prostatic disease, and 
rates of recurrence following radiotherapy are 
as high as 10% [8].

Locally Advanced Disease

Symptoms from locally advanced disease can 
be debilitating and include hematuria, obstruc-
tive uropathy, severe pelvic pain, and, rarely, 
bowel obstruction. Management options for 
locally advanced prostate cancer are depend-
ent on several factors such as the comorbidity 
of the patient and the adjacent structures that 
are involved. Many treatment modalities are 
described and the optimal management is 
widely debated. In less-fit patients, a conserva-
tive (watch and wait) approach may be favored 
or the use of hormonal therapy. In those fit for 
radical treatment, neoadjuvant hormones fol-
lowed by radical radiotherapy is the common-
est treatment modality in all age groups. 
However, there is increasing use of “multimo-
dality” therapy encompassing primary radical 
prostatectomy followed by adjuvant radiother-
apy and/or hormonal therapy, dependent on 
margins and postoperative prostate-specific 
antigen (PSA) levels. Wider PE remains an 
option for the treatment of advanced disease as 
well as for palliation of severe symptoms that 
can be experienced by patients.
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Advanced Prostate Cancer

In advanced prostate cancer there may be local 
spread to surrounding structures including sem-
inal vesicles, the bladder, and less commonly the 
rectum. Multicompartment exenterative surgery 
is infrequently practised and is reserved for 
aggressive management of either advanced, 
symptomatic prostate cancers or, less com-
monly, synchronous tumors of the rectum and 
prostate. Essential to improvements in outcomes 
is patient selection, aided by improvements in 
cross-sectional imaging, particularly magnetic 
resonance imaging (MRI) for preoperative plan-
ning and prostate-specific membrane antigen–
positron emission tomography (PSMA-PET) to 
exclude distant disease. Exenterative surgery is 
complex and requires excellent anatomical 
knowledge outside traditional planes of dissec-
tion, the use of multiple techniques, and often 
the input and collaboration of several consult-
ant-level surgeons. There are limited data on 
exenterative surgery for prostate specifically, 
reflecting its infrequent use. One of the largest 
series details the management of 62 patients 
who underwent radical prostatectomy  [29], 
anterior exenteration  [21], and total exentera-
tion [5]. The median time to progression was 7.5 
and 1.3 years for radical prostatectomy and exen-
terations respectively  [9]. The tumors were 
larger in those patients that required exentera-
tions, but the authors conclude that exentera-
tions are of questionable benefit due to the rapid 
nature of progression. An unpublished confer-
ence presentation details the management of 
31 locally advanced castration-resistant prostate 
cancer patients with median time to death of 
2.8 years and time to relapse of 398 days [10]. In 
addition, 85% of the included patients had severe 
symptoms attributable to locally advanced dis-
ease which were relieved by surgery until time 
of recurrence [10].

The subgroup of patients being considered 
for exenterative surgery need to be appropri-
ately consented for the risks and be deemed to 
be in a cohort that are likely to benefit from 
aggressive surgical management [11].

Synchronous Prostate and Rectal Cancer

Several different treatment modalities are sug-
gested for the relatively uncommon presentation 
of synchronous rectal and prostate cancers. It is 
likely that, with the aging population, these can-
cers are likely to become more common either 
synchronously or as metachronous tumors. The 
treatment options are challenging, on account of 
not only the normal anatomical constraints of 
the male pelvis but also the choice of neoadju-
vant therapies [12]. Radiotherapy regimens used 
are often aimed at rectal cancer at doses that are 
subtherapeutic for the prostate. Prostate-level 
radiation damages the surgical field even fur-
ther, destroying natural anatomical planes and 
worsening the inflammatory reaction.

Due to the high risk of anastomotic leaks in 
these patients, exenterations offer an alterna-
tive solution for R0 resections, albeit with high 
risks of morbidity. Other options include 
aggressive chemoradiotherapy regimens, as 
some patients have complete radiological 
response and might be suitable for a watch and 
wait policy, although this is currently subject 
to multiple studies in rectal cancer only groups.

The studies published for this subgroup have 
very small numbers and highlight the need for 
good preoperative staging and collaboration 
between dedicated advanced disease multidis-
ciplinary team (MDT) meetings or between 
colorectal and urology MDT [13].

Bladder Cancer

There were 437 000  incident cases of bladder 
cancer globally in 2016, with 186 000 deaths [7]. 
Radical cystectomy (RC) is performed for pri-
mary tumors of the urinary tract – most com-
monly for bladder cancer and less frequently for 
tumors of the prostate, seminal vesicle, or ure-
ters. It can also be a component part of PE for 
more advanced disease. There are multiple 
reconstructive options for the urinary tract, with 
the majority of patients undergoing formation 
of an ileal conduit (IC) and a lesser proportion 
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being offered orthotopic ileal neobladder recon-
struction. A catheterizable pouch (Mitrofanoff) 
is occasionally performed and there are a small 
numbers of cases described involving forma-
tion  of a “wet colostomy” (implanting ureters 
directly into the large bowel). The complica-
tions for patients undergoing more radical sur-
gery are higher  [14]. A single high-volume 
center found that the complications after cystec-
tomy as part of a PE were higher than those for 
a cystectomy for primary malignancy. In this 
series of 231 patients (98 cystectomy alone, 133 
as part of PE), urological complications were 
33% in the cystectomy group compared to 59% 
in the PE group (p < 0.001) [15]. In addition, the 
complications were higher when the PE was 
performed for recurrence compared to primary 
malignancy. Urological leaks occurred in 3%, 
6%, and 14% in patients who had cystectomy 
alone, PE for primary malignancy, and PE for 
recurrence respectively. Both major blood loss 
and previous pelvic radiotherapy were indepen-
dently associated with conduit leak.

Carcinoma of the bladder requires aggressive 
radical treatment, as the five-year recurrence 
risk for non-muscle invasive bladder cancer 
(NMIBC) with poor prognostic factors reaches 
45% [16], whilst the five-year survival of patients 
undergoing RC for potentially curative muscle-
invasive bladder cancer remains around 50–60%. 
Patients with muscle-invasive bladder cancer 
(MIBC), high-risk NMIBC, or NMIBC refractory 
to intravesical therapy (mitomycin or BCG) 
should be considered for radical surgery  [17]. 
Standard radical treatment for localized or 
locally advanced MIBC is neoadjuvant chemo-
therapy followed by RC or radical radiotherapy. 
The decision to offer surgery or radiotherapy is 
determined by factors such as histological type, 
comorbidity, patient preference, and concomi-
tant obstruction of the upper urinary tract. 
Pelvic lymphadenectomy is performed routinely 
with the addition of total hysterectomy and 
bilateral salpingo-oopherectomy in females to 
optimize clearance  [18]. In younger female 
patients, the ovaries may be spared.

A clear distinction must be made between 
the anterior exenteration that is the standard 

approach for women with bladder transitional 
cell carcinoma (TCC) versus a multicompart-
mental PE. Once a bladder TCC has invaded 
the colon or rectum it is classified as systemic 
disease and patients are usually offered pallia-
tive chemotherapy rather than aggressive sur-
gical management. However, patients with 
locally invasive bladder TCC into the prostate, 
cervix, or vagina are classified as T4 disease but 
can be offered an RC.

There are now several large series for out-
comes of PEs for mixed pelvic disease but less 
for those of urological origin specifically. One 
series details the outcomes of 160 female 
patients who underwent anterior exenteration 
for urothelial malignancy with a recurrence in 
22 patients (13.8%) [19]. Patients who had neo-
adjuvant chemo- or radiotherapy had higher 
recurrence rates. They identified trigonal/
bladder floor tumors, palpable posterior mass, 
and clinical lymphadenopathy as associated 
with pelvic organ involvement.

A series from the National Surgical 
Quality  Program (NSQIP) and Surveillance, 
Epidemiology, and End Results (SEER) data-
bases [20] provides data on the pre- and intra-
operative management of 151 patients who 
underwent exenteration for bladder cancer 
(NSQIP) and long-term outcome data on 389 
patients (SEER). These data are presented in 
Table 27.1.

Table 27.1  Outcomes of PE due to bladder cancer.

Variable Result

Mortality (30 day) 3 (2%)

Overall complication rate 95 (62.9%)

Major complication rate 84 (55.6%)

Early return to theater 11 (7.3%)

Length of stay (days) 9 (7–12)

Operative time (minutes) 366 (262–453.5)

Source: Data from Speicher, P. J., Turley, R. S., Sloane, 
J. L., Mantyh, C. R., & Migaly, J. (2013). Pelvic 
Exenteration for the Treatment of Locally Advanced 
Colorectal and Bladder Malignancies in the Modern Era. 
Journal of Gastrointestinal Surgery, 18(4), 782–788.
Source: adapted from Speicher et al. [20].
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A large series from the British Association of 
Urological Surgeons details the outcomes of 
2537 open radical cystectomies (74% male) [4]. 
The median operative time was five hours, 
median 11–20  lymph node harvest, median 
blood loss of 500–1000 ml, and a transfusion 
required in 21.8%. The median length of stay 
was 11 days, with a 30-day mortality rate of 
1.58%. The most common indication for RC 
was MIBC (46%), followed by NMIBC refrac-
tory to intravesical therapy (13%) and primary 
NMIBC (10%). Positive surgical margins were 
present in 8% of patients, although data were 
not available on 22%.

Radical cystectomies can be performed 
robotically with a series detailing the manage-
ment in 114 consecutive patients. Eighty-two 
percent were male and an IC was performed in 
97 patients and orthoptic bladder in 17 [5]. The 
procedure was completed robotically in all 
patients excluding one, with a transfusion rate 
of 9%, Clavien-Dindo III–IV in 18.4%, and 
30-day mortality of 0.9%. Length of stay was 

7 days (3–68) compared with 11 days in the 
open RC study [4].

The preoperative variable identified that 
predisposed to major postoperative complica-
tions was the American Society of 
Anesthiologists (ASA)  classification of > 3 
(adjusted odds ratio (AOR) 1.66 (1.0–2.76)), 
and having a normal creatinine preoperatively 
appeared to be protective (AOR 0.22 (0.04–
1.0)). This paper collated data on both rectal 
and bladder cancer. The overall survival (OS) 
of rectal cancer patients who had a PE was 
48 months (95% CI 38–58) compared with 
10 months (95% CI 12–16) in those that 
declined surgery. The OS of patients with 
bladder cancer undergoing PE was much 
worse, with an OS of 14 months (95% CI 
12–16) compared with 1.5 months in the non-
operative control group (Figure  27.1). This 
pattern can also be demonstrated on subgroup 
analysis of the operative or non-operative 
management of either stage 3 or 4 bladder 
cancer (Figure 27.2).

10

0.8

0.6

0.4

S
ur

vi
va

l p
ro

ba
bi

lit
y

0.2

0.0 

PE
Nonoperative

0 12 24 36 48 60

1722
Months

p < 0.001

Nonoperative

PE

90 48163375
14 1 1 1

Figure 27.1  Kaplan–Meier survival for locally advanced T4 bladder cancer: PE versus non-operative 
management. Source: adapted from Speicher et al. [20]. Source: Speicher, P. J., Turley, R. S., Sloane, J. L., 
Mantyh, C. R., & Migaly, J. (2013). Pelvic Exenteration for the Treatment of Locally Advanced Colorectal and 
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Complications

Table 27.2 shows general and specific compli-
cations of exenterative surgery.

Urological Leaks

Anastomotic leaks are potentially life threaten-
ing and highly morbid complications of any 
intra-abdominal surgery. There are several 
options for urinary diversion following 
cystectomy or PE which can be divided into 
continent – that is, an orthotopic bladder or 
incontinent, i.e. IC or wet colostomy [21, 22]. 
For example, an IC necessitates an ileal–ileal 
anastomosis and anastomosis of both ureters to 
the conduit. This provides two potential anas-
tomoses that can leak, whereas wet colostomy 
avoids ileal–ileal anastomosis and only has the 
two uretero-colic anastomoses [23].

Ileal Conduit

An IC utilizes an approximately 12- to 18-cm 
portion of ileum as a conduit for the two 
ureters with a urostomy usually formed in the 

right iliac fossa. This necessitates a uretero-
ileal anastomosis with both ureters stented and 
an ileal–ileal anastomosis [24]. It remains one 
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Figure 27.2  Kaplan–Meier survival for locally advanced bladder cancer stratified by disease stage and use 
of PE. Source: adapted from Speicher et al. [20]. Source: Speicher, P. J., Turley, R. S., Sloane, J. L., Mantyh, C. R., & 
Migaly, J. (2013). Pelvic Exenteration for the Treatment of Locally Advanced Colorectal and Bladder 
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Table 27.2  General and specific complications 
of exenterative surgery.

General Specific

Wound infection
Bleeding
Venous 
thromboembolism
Seroma
Hernias

Urological
Urosepsis
Urinary conduit leak
Anastomotic stricture (late)
Gastrointestinal
Bleeding
Anastomotic leak
Adhesions/ileus/
obstruction
Stoma complications/
parastomal hernia (late)
Perineal fistula
Sepsis
Pelvic abscess
Reconstruction (depends 
on type)
Flap necrosis
Donor site complications
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of the most popular techniques over the last 
few decades, with low complication rates out-
side the initial postoperative period when 
anastomotic leaks may occur.

In a study of 281 patients having different 
urological diversions, 118  had an IC with a 
uretero-ileal leakage rate of 0.8% and ileal–
ileal leak rate of 0.8% [23]. Overall, early com-
plication rates were high in all urological 
diversions – 48% for ICs. In addition, there was 
a high rate of uretero-ileal strictures in 11% of 
patients, with 17/23 developing irreversible 
partial loss of renal function. However, other 
series report higher uretero-ileal leak rates of 
7% which they report is more likely due to 
poor surgical technique, i.e. tension, rotation, 
or devascularization of the ureters  [25]. 
Conservative management is usually suffi-
cient as the ureters are stented, with manage-
ment of sepsis, drainage, and adequate 
nutrition. Occasionally, diversion by nephros-
tomies is necessary [11]. Most of the published 
studies comparing the urinary diversion tech-
nique are following RC rather than PE. Early 
and late complications appear to be high in all 
urinary diversion techniques  [26]. A system-
atic review details the outcome following uri-
nary diversion for bladder cancer  [24]. The 
authors quote early complication rates (< 
30 days) with urinary leak 1.8–10%, ureteric 
obstruction 0–6.3%, and urethral/stomal stric-
ture (2–14.3%). Late complications included 
ureteral obstruction/stricture 2–30%, renal 
deterioration 0.4–10.5%, pyelonephritis 3–10%, 
and bowel obstruction 4–8%.

Orthotopic Bladder

Orthotopic bladder utilizes either a detubular-
ized piece of colon or, more commonly, small 
bowel to form a neobladder that is anastomosed 
to the urethra [26]. Other techniques such as the 
Hautmann bladder utilize 60 cm of terminal 
ileum in a “W” configuration  [27]. These are 
continent methods and the patient empties 
the neobladder with a Valsalva maneuver, with 
the use of intermittent self-catheterization as 

necessary  [28]. Although widely utilized in 
some centers, the contraindications include 
tumors that invade the bladder neck/urethra, 
poor renal function, and inflammatory bowel 
disease affecting a potential donor site for the 
reservoir [29]. In addition, like any “pouch” sur-
gery the patient must be appropriately moti-
vated to ensure regular emptying of the reservoir 
throughout the day and night with or without 
intermittent self-catheterization.

A large series of orthotopic bladder recon-
structions following RC demonstrated compli-
cation rates of 58% for 1013 patients  [30]. 
Minor complications occurred in 36% and 
major in 22%, and complications were infec-
tions (24%), genitourinary (17%), gastrointesti-
nal (15%), and wound related (9%). The 90-day 
mortality rate was 2.3%.

Wet Colostomy

Alexander Brunschwig originally described PE 
with an end colostomy and bilateral uretero-
sigmoidostomy in 1948 [31, 32]. However, this 
was largely abandoned due to the high compli-
cation rates including electrolyte imbalance, 
ascending urinary infections, and high-volume 
watery diarrhea. In 1989, double barrel wet 
colostomy (DBWC) was described which 
requires only one loop colostomy  [33]. This 
technique uses a double-barreled loop colos-
tomy with both ureters anastomosed to the dis-
tal portion of the colon, and therefore urine 
does not come into direct content with feces. 
Proponents report lower urinary infection 
rates and it is a useful technique in patients 
where the small bowel cannot be used, for 
example post radiotherapy  [34]. Some small 
retrospective case series comparing DBWC 
with IC demonstrated either equivalent or 
improved outcomes with DBWC and the ben-
efit of one stoma [35]. Due to the small num-
bers and heterogeneity of these studies it is not 
possible to say that DBWC is superior to other 
techniques, but it is an option and the pre-
ferred technique in some centers [22].
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Palliative Exenterations

Both advanced bladder and prostate cancers 
can cause severe debilitating symptoms 
including pain, dysuria, hematuria, and out-
flow obstruction  [8]. Chronic outflow 
obstruction of the bladder or ureters may 
cause renal failure and necessitate interven-
tions including long-term urethral catheters, 
stents, or nephrostomies. Locally advanced 
pelvic malignancies are associated with 
reduced QoL, and if resectable this can be 
improved by a PE in addition to long-term 
survival [36]. However, a PE for palliation is 
more controversial, with a study of 39 patients 
who underwent palliative PE demonstrating 
reduced QoL postoperatively which contin-
ued to decline thereafter [37]. Overall median 
survival was 24 months with a mortality rate 
of 31% at one year.

There are multiple other treatment options 
that can be tried to help palliate symptoms in 
this patient group and this requires a multidis-
ciplinary approach including surgeons, oncol-
ogists, and pain specialists. Options include 
palliative radiotherapy, hormonal treatment, 
and analgesics. If these options have been 
tried, then palliative exenterations are an 
option in a select subgroup who are fit for this 
extensive surgery with a view to improving 
QoL [38, 39].

Quality of Life

Traditionally, study outcomes focused solely 
on clinical outcomes, but there is now a much 
greater emphasis on patient-reported outcome 
measures (PROMs). Assessing these factors is 
challenging for exenterations due to the exten-
sive nature of the surgery and impact on 
patients across multiple domains including 
physical, mental, and sexual function. There is 
a lack of a validated QoL scoring system for 
exenterations and wide variability in tools 
reported in studies. Relatively little has been 

published in terms of PROMs and QoL for 
urology-specific malignancies. A meta-analysis 
of 18 non-randomized papers that reported on 
health-related quality of life (HR-QoL) in 
patients having urological reconstruction with 
IC or orthotopic neobladder (ONB) demon-
strated higher HR-QoL for ONB over IC [40]. 
This finding was replicated in a study of 
patients undergoing urological reconstruction 
for RC using the European Organization for 
Research and Treatment of Cancer (EORTC) 
QoL questionnaire. Patients having ONB had 
improved physical, social, and global health 
status [41]. Patients having a PE for any cause 
of locally advanced pelvic cancer demon-
strated improved QoL (Functional Assessment 
of Cancer Therapy – Colorectal (FACT-C)) 
compared with those that did not have surgery. 
Those that underwent PE had reduced QoL at 
one month postoperatively, which then con-
tinually increased and returned to baseline 
QoL at nine months [42]. Those patients who 
did not have surgery had reduced QoL at one 
month, which slowly increased up to six 
months before declining after nine months. A 
systematic review of QoL post exenteration for 
locally and recurrent rectal cancer demon-
strated that baseline QoL was the strongest 
indicator for postoperative QoL [43]. In addi-
tion, they identified that female gender, total 
PE with or without bone resection, and posi-
tive surgical margins were associated with a 
reduced QoL.

A systematic review from 2016 identified 24 
studies which included 976 patients having 
exenterations with data on QoL. However, 
only  six of these studies recorded baseline 
QoL. They identified nine themes across the 
literature: body image, social impact, sexual 
function, treatment expectations, symptoms, 
communication, psychological impact, rela-
tionships, and work and finance  [44]. There 
are collaborative efforts ongoing such as the 
Association of Coloproctology of Great Britain 
and Ireland (ACPGBI) “IeMPACT” and PelvEx 
that plan to validate an exenteration-specific 
QoL scoring system. 
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Background

The primary treatment of gynecological malig­
nancies has considerably evolved over the last 
century, with a move to less aggressive pro­
cedures when appropriate  [1–3]. However, 
gynecological malignancies comprise a hetero­
geneous group, with varying treatment options. 
In cervical cancer, T1a tumors without risk fac­
tors are treated with radical local excision only, 
whereas T1b1 and T2a1 (  4 cm) cervical can­
cers need a radical hysterectomy and pelvic 
lymphadenectomy. Chemoradiation is recom­
mended if lymph node involvement is suspected 
or clear margins around the tumor are threat­
ened [4, 5]. For T2 tumors > 4 cm and T3 tumors, 
treatment with primary chemoradiation is pref­
erable, with improved progression free survival 
compared to neoadjuvant chemotherapy fol­
lowed by radical surgery [6].

Small vaginal cancers less than 4 cm [7] or 
early stages of vulva cancer and endometrial 
cancer are predominantly treated with radi­
cal surgery and consolidated with chemora­
diation or chemotherapy when indicated. 
Minor recurrences, like endometrial cancer 
in the vaginal cuff, are treated with curative 
chemoradiation  [8, 9]. Apart from those 

situations, pelvic exenteration (PE) is the 
only procedure to cure women from locally 
advanced primary or recurrent gynecological 
cancer. It remains the first-line treatment of 
advanced vulva cancer with urethral exten­
sion (T2–T3 tumor)  [10, 11] and advanced 
endometrial cancer involving the bladder and 
ureters (T3–T4 tumors) [12, 13]. In addition, 
resistance to chemoradiation or a relapse 
after chemoradiation are the most common 
indications for total exenteration in recurrent 
cervical cancer  [14]. Rarer indications for 
exenteration include the presence of a frozen 
pelvis and complications of postradiotherapy 
(fistulation) [14, 15].

Depending on the localization of the gyneco­
logical tumor, anterior, posterior, or total 
exenteration is performed. Laterally extended 
endopelvic resection (LEER) and extended 
pelvic resections (EPR) have been reported in 
selected cases of advanced gynecological 
malignancies  [16]. The choice of reconstruc­
tive method for urinary and fecal diversion is 
crucial, as most patients have been previously 
irradiated with high doses or had prior surgery 
for their primary neoplasm. Table  28.1 lists 
some absolute  [17] and relative  [6, 18–21] 
contraindications.
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Further Important Situations

Engagement of Pelvic Sidewalls

Involvement of the external iliac vessels has 
traditionally been a contraindication for PE, 
since a radical resection may require grafting. 
Suspicious pelvic bone metastases should be 
verified by preoperative magnetic resonance 
imaging (MRI) or computed tomography–
positron emission tomography (CT-PET), or 
both, if extended en-bloc resection is possi­
ble [21]. Höckel et al. (2012) [16] have reported 
100% R0 resections using LEER on recurrent 
cancers of the cervix and vagina with tumors 
fixed to the lateral pelvic wall. Hydronephrosis 
is not a contraindication for PE [16, 19, 20].

Para-Aortic Lymph Nodes

It seems evident that the presence of patho­
logical para-aortal lymph nodes significantly 
worsens survival; nevertheless, most units do 
not consider para-aortic spread a contraindica­
tion for PE in cervical and endometrial can­
cer  [18, 19]. However, finding multiple and 
bulky nodes above the origin of the inferior 
mesenteric artery probably indicates a non-
curable situation where surgery is questiona­
ble [17, 20].

Age and Comorbidity

Due to the long duration, the complexity of the 
surgical procedure, and the risk of substantial 
blood loss, the patient’s comorbidity must be 

thoroughly evaluated. If performance status is 
evaluated according to Eastern Cooperative 
Oncology Group (ECOG) the score should be 
between 0 and 2  when considering PE  [22]; 
thus ECOG = 3 and above should be consid­
ered as a relative contraindication. Conflicting 
results concerning the influence of age on 
postoperative mortality have been reported. 
Baiocchi et  al.  [23] reported a postoperative 
mortality of 42% in patients aged > 70 com­
pared to 5% in younger patients. In patients > 
70 years of age with comorbidities correspond­
ing to American Society of Anesthesiologists 
(ASA) class III, the risk of postoperative death 
was reported as high as 64%. On the contrary, 
Huang et al. [24] did not observe any major dif­
ference in complications or survival when 
comparing younger and elderly patient 
cohorts; however, these survival differences 
are probably mainly related to selection bias 
between the series.

The impact of body mass index (BMI) on 
overall complication rates and survival has 
been reported by Huang et  al.  [24] and by 
Iglesias et  al.  [25] without any association 
between BMI and complication rates or worse 
survival outcomes. Whereas advanced age or 
high BMI should not be interpreted as contrain­
dications for PE, special attention should be 
paid to the patient’s nutritional status and kid­
ney function. Low albumin levels are associated 
with impaired outcome [26]. The patient’s qual­
ity of life (QoL) preoperatively must also be 
considered [27]. Postoperative QoL after PE due 
to recurrent colorectal malignancy can be pre­
dicted from baseline QoL before surgery [28].

Table 28.1  Considered contraindications.

Relative contraindication Absolute contraindication

Involvement of external iliac vessels Sciatic nerve involvement without prospect of clear 
margins

Pelvic bone metastasis Distant metastatic disease or extensive carcinomatosis

Pathological para-aortic lymph nodes
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Preoperative Workup Specific 
to Gynecological Neoplasms

The most important issue for successful 
surgery and survival is a complete resec­
tion [15, 29]. CT-PET and MRI are both suita­
ble methods for imaging primary, persistent, 
and recurrent pelvic disease but also to differ­
entiate between active disease and post-radia­
tion artifacts. This is crucial for evaluation if 
PE is  manageable and if pelvic sidewalls are 
involved. Moreover, it is of great importance to 
predict the extent of the surgery and the possi­
bility to obtain clear margins  [21]. Further, 
quantitative metrics of fludeoxyglucose (FDG) 
uptake metabolic tumor volume have been 
shown to predict progression-free and overall 
survival  [30]. However, Meads et  al.  [31] 
showed no evidence supporting a superior 
diagnostic accuracy of CT-PET in recurrent or 
persisting cervical cancer compared to MRI 
and CT. Neither could Sardain et al. [32] find a 
preoperative procedure that could confirm free 
margins at the end of the operation.

Cystoscopy, colonoscopy, and gynecological 
examination under anesthesia should be per­
formed to tailor treatments. Diagnostic laparos­
copy is only indicated in cases with suspected 
peritoneal carcinomatosis on preoperative 
imaging.

Preoperative Planning 
and Counseling

Urinary Diversion

The type of urinary diversion should be dis­
cussed with the patient preoperatively, pre­
ferably based on information on long-term 
functional outcomes and complications [33–35]. 
Patient characteristics, such as age and com­
orbidity, also affect the choice of urinary 
diversion, especially when opting for a con­
tinent reconstruction in the setting of an ante­
rior exenteration for a gynecological cancer. 
Continence after orthotopic neobladder surgery 

is worse in females compared to in males  
[36, 37]. As preservation of the uterus and per­
forming nerve-sparing surgery is not feasible 
with PE, the functional outcome is further 
reduced [38]. The need for simultaneous poste­
rior exenteration affects whether a continent 
reconstruction is a suitable option.

Previous pelvic radiation increases the risk 
of short-term complications after urinary 
diversion [39], and probably puts the patient at 
an increased risk of late diversion-related com­
plications such as ureteroenteric strictures [40]. 
Consequently, a selected bowel segment out­
side the irradiated field is recommended [41]. 
Ileal conduit is the most common form of uri­
nary diversion in conjunction with anterior 
exenteration for gynecological cancers. An 
increased use of ileal conduit in recent years is 
a consequence of performing surgery in elderly 
and comorbid patients more frequently and 
accumulating evidence of decreased need of 
reoperations from a population-based sur­
vey [35], but also decreased in-hospital compli­
cations at long-term follow-up [42], compared 
to a continent reconstruction. The indications 
for a continent reconstruction are related to 
patient preferences, but require intact mental 
status, manual dexterity, and glomerular filtra­
tion rate (GFR) > 40 ml/min/1.73 m2 and the 
willingness to accept an increased risk of com­
plications and reoperations compared to con­
duit diversion.

For patients with advanced gynecological 
tumors requiring both urinary and fecal diver­
sion, i.e. two stomas, a double-barreled colos­
tomy has been popularized [43]. The rationale 
for this type of diversion is to offer the patient 
one instead of two stomas. So far, the experi­
ence of the method is limited and the stoma 
appliances is a challenge, and until now appli­
ances for terminal ileostomies have been 
used. The optimal localization of the urinary 
stoma is an integral part of the preoperative 
preparation and of critical importance to 
avoid postoperative difficulties with stoma 
accessories or emptying a continent cutane­
ous diversion. Thus, marking the site of the 
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stoma should be done in close cooperation 
with the stoma-therapists.

Bowel Continuity

In the case of supralevator PE, bowel continu­
ity could be restored with low colorectal or 
coloanal anastomosis. Successful restoration 
of bowel continuity was reported by Schmidt 
et al. [19] in 97% of patients having PE for cer­
vical cancer and in 75% of patients with 
advanced or recurrent endometrial cancer [13] 
However, anastomotic complications, espe­
cially leakages, have been reported to occur in 
up to 54% of such patients [19, 20, 44, 45].

Decision regarding low anterior resection 
syndrome (LARS) and tailoring of the bowel 
reconstruction should be based on a thorough 
patient discussion.

Neovagina

After vaginectomy, a neovagina can be con­
structed using either myocutanous grafts or 
interposed bowel. Berek et  al.  [46] reported 
construction of neovagina in 54/75 
patients  (72%) after PE and in 45/54 using 
gracilis  myocutaneous pedicle grafts, rectus 
abdominis pedicle flaps, or split or full-
thickness skin graft. Also, transverse and ver­
tical rectus abdominis myocutaneous (TRAM 
and VRAM) flaps have been shown to be 
reliable alternatives for neovaginal recon­
structions, with a similar distribution of flap-
specific complications [47]. The deep inferior 
epigastric perforator (DIEP) flap has been 
shown to give promising results compared 
to  TRAM  [48]. Generally, problems such 
as  chronic stenosis, lack of lubrication, 
intravaginal hair growth, and inadequate 
length are described when using myocutane­
ous grafts. To overcome these shortcomings, 
enterocolpoplasties using the right or 
descending colon have been reported by 
Ferrari et  al.  [49] and Bridoux et  al.  [50]. 
Construction of a neovagina from a colonic 
segment after PE due to cervical cancer 

recurrence was also successfully performed 
in 249/282 patients by Schmidt et al. [19].

Pelvic Floor Reconstruction

In order to fill the empty pelvis and prevent 
small intestinal descent, herniation, or obstruc­
tion, the rectus abdominis muscle, gluteus 
maximus, and/or gracilis flaps may be used as 
space fillers (with/without omentum) [51–53] 
(see Chapter 17).

Complications

Most published work on postoperative compli­
cations are based on single-center retrospec­
tive cohort studies. Due to the absence of 
uniform definitions of complications and early 
vs. late diagnosis of complications, compari­
son between studies is difficult. The reported 
complication rates reviewed in Table  28.2 
should thus be regarded as examples of the 
complication panorama. Early postoperative 
mortality has decreased from 23%  [1] in his­
torical series to 0% in some recent studies [2, 
3]. According to our review in Table 28.2, early 
complications are reported in 30–78% of 
patients and late complications in 41–49%. The 
high complication rate can be explained by the 
high percentage of patients having a recurrent 
or radioresistant cervical cancer. Infections, 
urinary complications, intestinal complica­
tions (fistulas, ileus, anastomotic leak), and 
wound complications are the commonest 
complications.

Severe late complications after PE are related 
to the urinary diversion. Indeed, the incidence 
of complications correlates with the length of 
follow-up  [62]. Long-term follow-up reports 
diversion-related complications including 
metabolic dysfunction, infections, and urolith­
iasis, as well as conduit and bowel/stoma com­
plications, and renal dysfunction. Vitamin B12 
deficiency relating to decreased intestinal 
uptake from the ileum may arise in a minority 
of patients.



Table 28.2 Complications after PE for gynecological malignancies.

Authors, 
year n

Surgical details Complications

Type of PE: 
percentage 
colorectal 
anastomosis Urinary diversion

Vaginal 
reconstruction

Perineal 
reconstruction

Early 
complications Type of complication

Late 
complications Type of complication

Early 
reoperations

Late 
reoperations

Mortality, 
30 days

Fleisch 
et al. 
2007 [54]

203 TPE: 
67/203 = 33%

77% X X < POD 180 Urinary 
61/156 = 39%

X 35/203 = 16% 1%

APE: 
91/203 = 45%

49% conduit Intestinal 
28/112 = 25%

< POD 180

PPE: 45/203 = 22% 28% pouch

Colorectal 
anastomosis: 
59/112 = 53%, 
colostomy: 
53/112=47%

8% neobladder

11% 
ureterocutaneostomy

14% bladder augment

Maggioni 
et al. 
2009 [55]

106 TPE: 
48/106 = 45%

95% 18% 23% 45% Intestinal 
12/106 = 11%

49% Intestinal 
8/106 = 7%

14/106 = 13% 11/106 = 10% 0%

APE: 
53/106 = 50%

48% non­continent 
ileoconduit

< POD 30 Urinary 9/101 = 9%  POD 30 Urinary 
42/101 = 41%

PPE: 6/106 = 5.7% 52% continent 
ileoconduit

Other 33/106 = 30% Other 
13/106 = 12%

Colorectal 
anastomosis: 
17/54 = 32%

AL 3/17 = 18%

Rectoneovaginal 
fistula 2 cases

Rectoneovaginal 
fistula 2 cases

Ureterocolic 
stricture 1 case

(Continued)



Fotopoulou 
et al. 
2010 [56]

47 TPE: 32/47 = 68% 64% 4% X No definition 
of early and 
late

Wound 6% X 14/47 = 30% X 8.5%

APE: 12/47 = 26% 23% ureterocutaneo 
stomy

Urinary leak 6%

PPE: 3/47 = 6.4% 62% incontinent 
ileoconduit

AL 30%

No information 
concerning 
colorectal 
anastomosis

4% continent 
ileoconduit

Ileus 8%

Cardiovascular and 
thromboembolic 
events7%

Other 6%

Baiocchi 
et al. 
2012 [23]

107 TPE: 
56/107 = 52%

91% X X 53% Wound infection 26% 45% Urinary 
obstruction 33%

33% 29% 8.4%

APE: 
31/107 = 29%

45% DBWC Intestinal fistula 14% Urinary fistula 10%

PPE: 
10/107 = 9.3%

Orthotopic bladder: 1 
patient

Urinary fistula 9% Intestinal fistula 
6%

Lateral extended 
resection: 
10/107 = 9.3%

Pelvic floor infection 
30%

Ileus 19%

Colorectal 
anastomosis: 
12/56 = 21% (of 
TPE)

Bleeding 5% Pelvic floor 
infection 17%

DVT 5% DVT 6%

Table 28.2 (Continued)

Authors, 
year n

Surgical details Complications

Type of PE: 
percentage 
colorectal 
anastomosis Urinary diversion

Vaginal 
reconstruction

Perineal 
reconstruction

Early 
complications Type of complication

Late 
complications Type of complication

Early 
reoperations

Late 
reoperations

Mortality, 
30 days



Kaur et al. 
2012 [2]

36 TPE: 28/36 = 78% 92% X 11% 78% Wound 9/36 = 25% Wound 7/36 = 19% 14/36 = 38% 0%

APE: 5/36 = 14% 52% incontinent 
conduit

< POD 30 Urinary 9/36 = 25% Urinary 
13/36 = 36%

No 
information 
on early or 
late

PPE: 3/36 = 8.3% 48% continent 
conduit

Intestinal 1/36 = 2.8 Intestinal 
4/36 = 3%

Colorectal 
anastomosis: 
18/31 = 58%

Rectovaginal fistula 
1/36 = 3%

Rectovaginal 
fistula 4/36 = 11%

Vesicovaginal 
fistula 1/36 = 3%

Other 8/36 = 22% Other 5/36 = 14%

Khoury­
Collado 
et al. 
2012 [57]

21 No information 
concerning 
colorectal 
anastomosis

95% 29% 14% < POD 30 Infection 
13/21 = 62%

POD 31–90 Infection 
6/21 = 29%

1/21 = 5% 4/21 = 19% 0%

Thromboembolism 
1/21 = 5%

Tromboembolism 
3/21 = 14%

< POD 30 POD 31–90

Enterocutaneous 
fistula 1/21 = 5%

Enterocutaneous 
fistula 3/21 = 14%

AL 1/21 = 5%

Urinary leak 
1/21 = 5%

Vesicovaginal 
fistula 1/21 = 5%

Ureteroenteral 
stricture 1/21 = 5%

Urostomy 
retraction 
1/21 = 5%

Psychiatric 
4/21 = 19%

Psychiatric 
1/21 = 5%

Yoo et al. 
2012 [58]

61 TPE: 42/61 = 69% 97% 7% 18% 30% Wound infection 
4/61 = 7%

25/61 = 41% Wound infection 
1/61 = 1.6%

X X X

APE: 17/61 = 11% < POD 30 Wound dehiscence 
3/61 = 5%

 POD 30

PPE: 2/61 = 3.3% Ileus 1/61 = 2% Ileus 10/61 = 16%

(Continued)



Colorectal 
anastomosis: 
6/45 = 13%

Enterocutaneous 
fistula 1/61 = 1.6%

Enterocutaneous 
fistula 1/61 = 1.6%

Ureteroenteral fistula 
1/61 = 1.6%

Ureteroenteral 
fistula 7/61 = 11%

Rectovaginal fistula 
2/61% = 3.3%

Rectovaginal 
fistula 2/61 = 3.3%

Pelvic abscess 
1/61 = 1.6%

Incisional hernia 
1/61 = 1.6%

DVT 1/61 = 1.6%

Urostomy 
obstruction 
1/61 = 1.6%

Jäger et al. 
2013 [3]

28 TPE: 11/28 = 39% 46% 14% 21% < POD 30 CDIIIa and above 
8/28 = 29%

 POD 30 CDIIIb and above 
10/28 = 36%

3/28 = 11% 10/28 = 36% 0%

APE: 2/28 = 7% Pelvic abscess 
3/28 = 11%

Ileus 4/28==14% < POD 30  POD 30

PPE: 15/28 = 54% Urinary leak 
1/28 = 4%

Fistula 2/28 = 7%

Colorectal 
anastomosis: 
20/26 = 38%

Vaginal stricture 
1/28 = 4%
Pleural effusion 
1/28=4%

Urostomy necrosis 
1/28 = 3.6%

AL 1/28 = 4% Wound infection 
1/28 = 3.6%

Table 28.2 (Continued)
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Late 
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Massive bleeding 
1/28 = 4%

Stoma prolapse 
1/28 = 3.6%

Anastomotic 
stricture 
1/28 = 3.6%

Chiantera 
et al. 
2014 [59]

230 TPE: 
131/230 = 57%

86% 10% 5% Early and late 
complications 
not seperated

Infection 
66/230 = 29%

X X 3%

APE: 
68/230 = 30%

24% continent 
conduit

Other 
15/230 = 6.5%

PPE: 31/230 = 13% 4% neobladder Wound dehiscence 
39/230 = 17%

Colorectal 
anastomosis: 
93/162 = 57%

72% non­continent 
conduit

Vaginal stump 
dehiscence 
11/239 = 4.8%

ureterocutaneo 
stomy: 4 patients

AL 19/93 = 20%

Small intestinal 
perforation 
8/230 = 3.5%

Neovaginal 
complication 
5/24 = 21%

Chiantera 
et al. 
2014 [60]

21 TPE: 10 = 48% 76% 0% 0% AL 3/8 = 38% 4.8%

APE: 6/21 = 29% Incontinent conduit: 
15 patients

PPE: 5/21 = 24% Continent conduit: 1 
patient

Colorectal 
anastomosis: 
8/15 = 53%

(Continued)



Huang 
et al. 
2014 [24]

161 TPE: 103 (64%) 89% 0% 67% < POD 60 Wound 47/161 = 29% Wound 3/161 = 2% 15/161 = 9% 3/161 = 2% X

APE: 35 (22%) 29% continent 
conduit

Intestinal 
27/161 = 17%

Intestinal 
17/161 = 11%

PPE: 23 (14%) 71% incontinent 
conduit

Urinary stricture 
5/161 = 3%

Urinary stricture 
11/161 = 7%

No information 
concerning 
colorectal 
anastomosis

Ureteric lesion 
9/161 = 5.6%

Ureteric lesion 
15/161 = 9%

Renal 
insufficiency 
6/161 = 3.7%

Renal 
insufficiency 
8/161 = 5%

Urostomy 
complication 
42/161 = 26%

Urostomy 
complication 
21/161 = 13%

Kidney stones 
15/161 = 9.3%

Infection 
64/161 = 40%

Infection 
12/161 = 8%

Cardiology 
4/161 = 2.5%

Cardiology 
9/161 = 6%

Westin 
et al. 
2014 [61]

160 TPE: 
110/160 = 69%

89% 68% X < POD 60 Wound 
47/160 = 29%

 POD 60 Wound 
3/160 = 1.9%

15/160 = 9% 3/160 = 1.9% 1.3%

APE: 
34/160 = 21%

68% incontinent 
conduit

Infection 
55/160 = 34%

Infection 
12/160 = 8%

< POD 60  POD 60

PPE: 
16/160 = 10%

Urinary 
76/160 = 47%

Urinary 
55/160 = 34%

Table 28.2 (Continued)
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No information 
concerning 
colorectal 
anastomosis

Fistula 
14/160 = 9%

Fistula 
14/160 = 9%

Ileus 
16/160 = 10%

Ileus 
14/160 = 9%

Colostomy 
complication 
11/106 = 7%

Colostomy 
complication 
3/160 = 1.9%

Flap 25/160 = 16% Flap 9/160 = 6%

Other 
4/160 = 2.5%

Other 
9/106 = 6%

Schmidt 
et al. 
2016 [13]

40 TPE: 
34/40 = 85%

90% 75% X X X X X 7%

APE: 2/40 = 5% 83% continent 
conduit

PPE: 4/40 = 10%

Colorectal 
anastomosis: 
37/38 = 97%

X Information not given; TPE, total pelvic exenteration; APE, anterior pelvic exenteration; PPE, posterior pelvic exenteration; DBWC, double­barreled wet colostomy; AL, anastomotic leakage; POD, 
postoperative day; DVT, deep vein thrombosis; CD, Clavien­Dindo.
Number of patients with restored bowel continuity is indicated as a percentage of total number of patients operated on with TPE or PPE. Concerning complications and reoperations, varying 
specifications of early and late in the different studies are indicated in the table.
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In the Cochrane Database of Systematic 
Reviews on exenterative surgery for recurrent 
gynecological malignancies, Ang et  al.  [63] 
states there is no evidence currently available 
from which to determine whether exenterative 
surgery is better than, equivalent to, or worse 
than non-surgical treatment in terms of pro­
longed survival, treatment-related complica­
tions, and impact on QoL.

Survival and Quality of Life

The reported five-year survival rate in patients 
with mixed diagnosis varies between 21 and 70% 
(Table  28.3). In addition, Graves et  al.  [65] 
reported an overall survival of 73 months after PE 
in women with node-negative cervical cancer. 
The PelvEx Collaborative  [66] further reported 
three-year survival rates of 44, 48, and 49% in 
women with vaginal, endometrial, and cervical 
cancer respectively. Patients with endometrial 
cancer seem to have a better survival after PE 
compared to those with cervical cancer.

Negative resection margins are uniformly 
reported in more than 70% of patients. 
Complex complications have been associated 
with shorter survival [67].

Information on QoL after PE for gyneco­
logical malignancies is scarce. However, a 
recent study on prospective assessment of 
patient-reported outcomes showed a persis­
tent low body image, decrease in physical 
functions, and declining sexual pleasure/
function during 12 months after  PE  [68]. 
Body image worsened over time whereas 
sexual discomfort was unchanged during 
follow-up. Mental functioning remained sta­
ble and there were no significant changes in 
stoma-related QoL. Still, 79% of the women 
stated after one year that they would undergo 
PE again. On  the other hand, the QLQ C30 
gradually decreased, compared to baseline, 
from one month postoperatively and did not 
reach the baseline level until one year post­
operatively. Elderly patients never regained 
their social and physical activities after 
PE [26]. 

Table 28.3  Survival after PE for gynecological malignancies.

Author, year
Type of cancer

Number of 
patients R0 (%)

Five-year 
survival (%)

Fleisch et al. 2007 [54] 203

Cervical 133

Endometrial 26

Vaginal/vulval 33

Other 11

All types 203 X 21

Maggioni et al. 2009 [55]

Cervical 62 52

Endometrial 10 35

Vulval 9 X

Vaginal 21 19

Other 4 X

All types 106 93 X

Forner and Lampe 2011 [18]

Cervical 35 86 43
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Table 28.3  (Continued)

Author, year
Type of cancer

Number of 
patients R0 (%)

Five-year 
survival (%)

Baiocchi et al. 2012 [23]

Cervical 73 23

Endometrial 14 64

Vaginal/vulval 17 X

Other 3 X

All types 107 92 27

Kaur et al. 2012 [2]

Cervical 18 44

Endometrial 9 80

Vaginal/vulval 8 57

Other 1 X

All types 36 83

Khoury-Collado et al. 
2012 [57]

Endometrial 17

Other 4

All types 21 90 40

Schmidt et al. 2012 [19]

Cervical 282 65 41

Yoo et al. 2012 [58]

Cervical 61 85 56

Jäger et al. 2013 [3] 28 82 70

Cervical 10

Endometrial 4

Vaginal/vulval 7

Other 9

All types 28 82 70

Chiantera et al. 2014 [20]

Cervical 167 72 38

Chiantera et al. 2014 [59]

Cervical 177 72 38

Endometrial 28 86 40

Vaginal/vulval 25 X X

All types 230

(Continued)
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Table 28.3  (Continued)

Author, year
Type of cancer

Number of 
patients R0 (%)

Five-year 
survival (%)

Chiantera et al. 2014 [60]

Endometrial 21 86 40

Huang et al. 2014 [24]

Cervical 86

Endometrial 15

Vaginal/vulval 59

Other 1

All types 161 84 X

Westin et al. 2014 [61]

Cervical 86

Endometrial 15

Vaginal/vulval 58

Other 1

All types 160 X 40

Arians et al. 2016 [64]

Cervical 18 6

Endometrial 12 50

Vulval 6 17

All types 36 42 22

Schmidt et al. 2016 [13]

Endometrial 40 92 61

The contribution of different gynecological malignancies in each study is presented. In most of the studies, survival 
for the whole group is presented, while in a few, survival for each of the different diagnoses is presented.
X, Information not given.

Summary Box

●● PE is the only procedure to cure selected 
patients from locally advanced primary or 
recurrent gynecological cancer.

●● The complications due to PE are frequent, 
especially in women previously treated 
with primary radiotherapy.

●● The most important issue for successful 
surgery is a complete resection.

●● The type of urinary diversion should be 
discussed with the patient before surgery.

●● When complete PE is planned, an ileal 
conduit instead of continent reconstruc-
tion might be an advantage, with less 
short- and long-term complications.

●● Information on QoL after PE in patients 
with gynecological malignancies is scarce 
and indicates persistent low body image 
and sexual discomfort. More studies 
should concentrate on measuring QoL in 
this group of patients.
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Background

Tumors arising from tissue of the primitive 
mesenchymal mesenchyme comprise a hetero-
geneous group of benign and malignant neo-
plasms  [1]. They involve muscles, tendons, 
adipose tissues, lymphatics, blood vessels, syn-
ovium, and bone. Supporting soft tissues of the 
visceral organs of the abdomen and pelvis may 
also be involved. Peripheral neurogenic tumors 
which are of ectodermal origin are also 
included since their behavior is similar, they 
are treated like soft tissue tumors.

The pathologic classification is largely based 
on recognition of the tissues origin, such as 
chondrosarcoma neoplasms arising from carti-
lage, or merely descriptive, e.g. spindle cell 
tumors or small round cell tumors when the 
origin is not clear. Traditionally, these tumors 
are divided into soft tissue and bone tumors, or 
benign versus malignant.

Incidence

The true incidence of benign lesions is 
unknown since the majority are asympto-
matic. It is estimated that sarcomas account for 
1% of  all invasive neoplasms excluding skin 

cancers [2]. The relative incidence of sarcomas 
in children and young adults is higher than in 
older patients [3].

Soft tissue sarcomas are more common than 
primary malignant bone tumors. The majority 
of sarcomas occur in the limbs, but soft 
tissue  sarcomas are not uncommon in the 
pelvis  [4]. Chondrosarcoma and Ewing’s sar-
coma frequently involve the bony pelvis. The 
low incidence of sarcomas should not dimin-
ish their importance, their early detection, and 
their treatment to improve survival and limb 
salvage rates.

Etiology

The cause of most benign and malignant 
mesenchymal tumors is unknown. Cancers 
are caused by mutations and alterations in 
genes. These alterations in DNA result from 
inherited predispositions to such mutations 
or exposure to carcinogens, or can result from 
sporadic DNA replication  [5]. Examples of 
tumors associated with genetic susceptibility 
include neurofibromatosis type 1 (NF1), 
familial adenomatous popyposis (FAP), and 
Li-Fraumeni syndrome (germline mutation 
in TP  53)  [6, 7]. Autosomal dominant 
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retinoblastoma is associated with osteosar-
coma. In addition, prior radiation therapy is 
associated with development of bone and soft 
tissue sarcomas, and some chronic inflamma-
tory states such as Paget’s disease and chronic 
osteomyelitis can result in the development 
of bone sarcomas.

Specific Diagnostics

The diagnostic process begins with a complete 
history and physical examination. Deep pelvic 
pain, an antalgic gait, or sciatica can be the 
presenting features of pelvic tumors. Deep pel-
vic tumors are rarely palpable; however, the 
presence of lower limb swelling can occasion-
ally occur in pelvic sarcomas due to direct 
invasion or extrinsic pressure on deep pelvic 
vasculature.

Imaging

Plain film X-ray is the initial first step in 
imaging. A soft tissue shadow or bone erosion 
may be noted in soft tissue tumors. X-rays 
may be very informative in primary bone neo-
plasms, but cross-sectional imaging is often 
required. Computed tomography (CT) scans 
are particularly useful in detecting cortical 
bone damage, and useful in outlining soft tis-
sue anatomy. Magnetic resonance imaging 
(MRI) is undoubtedly the most useful imag-
ing modality when imaging bone and soft tis-
sue tumors. In some cases, MRI may be 
diagnostic, especially in low-grade fatty 
tumors and chondrosarcomas. It is useful for 
outlining the pelvic anatomy and relationship 
of tumor to the normal structures, for opera-
tive planning. Bone scans (with methylene 
diphosphonate (MDP Tc)) and positron-emis-
sion tomography (PET) scans are also useful 
in characterizing the primary tumor, with the 
added benefit of assessing the presence of 
metastatic disease. In addition, they are often 
used post neoadjuvant therapy to assess 
response to treatment.

Biopsy

In order to make a definitive diagnosis, micro-
scopic examination of a tumor specimen 
obtained by biopsy is necessary. In the pelvis 
we favor a core or Tru-cut biopsy carried out 
using image-guidance (CT, MRI, or ultra-
sound). This avoids damaging vital structures 
and reduces the risk of contamination. Fine 
needle biopsies are usually inadequate. If 
image-guided biopsy proves inconclusive a 
careful open biopsy should be done. At the 
time of definitive surgery, biopsy tracts should 
be excised en bloc with the tumor. In addition 
to routine histologic examination, immuno-
histochemical staining and molecular studies 
are often carried out in order to confirm a 
diagnosis and provide information for targeted 
systemic therapy. Based on the histology, 
tumors are graded as benign or malignant, 
low-grade (G1) or high-grade (G2 + 3). Based 
on this and the clinical staging, a prognostic 
assessment can be made.

There are tumors that are both a mix of soft 
tissue and bony, that are not by definition 
malignant, and that are locally aggressive but 
do not metastasize. Examples include desmoid 
tumors of soft tissue and giant cell tumors of 
bone.

Staging Systems

Two main staging systems are used for sarco-
mas. One is described by Enneking et al. and 
adapted by the Musculoskeletal Tumor Society 
(MSTS); it is most commonly used for staging 
bone sarcomas (Table 29.1) [8]. The second is 
proposed by the American Joint Committee on 
Cancer (AJCC) (Table 29.2) [9]. Soft tissue sar-
comas are staged using the AJCC system 
(Table 29.3) [9].

Distant metastases of bone and soft tissue 
sarcomas usually occur in the lungs, but can 
also spread to the bone (spine) and soft tis-
sues (like in myxoid liposarcomas). Sarcomas 
with epitheliod features often involve regional 
lymph nodes.
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Treatment

Treatment methods used in the management of 
musculoskeletal tumors of the pelvis include 
observation, surgery, radiation, and systemic 
therapy. Occasionally, minimally invasive cryo-
therapy or radiofrequency ablation is done. 
However, surgery is the most common active 
treatment modality used. Surgical procedures 
are classified as followed: (i) intralesional, (ii) 
marginal, (iii) wide, or (iv) radical resections. 
Intralesional resection is indicated for benign 
tumors. Marginal resection describes a shelling-
out procedure where the margin is the tumor 

Table 29.1  Musculoskeletal Tumor Society 
(MSTS) [8] staging system for bone sarcomas.

Stage Grade Local extent of disease

IA Low Intracompartmental

IB Low Extracompartmental

IIA High Intracompartmental

IIB High Extracompartmental

III Any Any

Source: Enneking, W. F., Spanier, S. S., & Goodman, M. 
A. The Classic: A System for the Surgical Staging of 
Musculoskeletal Sarcoma. Clinical Orthopaedics and 
Related Research, 415, 4–18. © 2003 Wolters Kluwer.

Table 29.2  American Joint Committee on Cancer (AJCC 8th Edition) [9] staging system for bone sarcomas.

Stage Primary tumor (T) Regional lymph node (N) Distant metastasis (M) Histologic grade (G)

IA  8 cm No No G1 or Gx

IB > 8 cm or discontinuous 
tumors in primary bone site

No No G1 or Gx

IIA  8 cm No No G2 or G3

IIIB  8 cm No No G2 or G3

III Discontinuous tumors in 
primary bone site

No No G2 or G3

IVA Any T Yes Yes (lung) Any G

IVB Any T Any N Yes (extrapulmonary) Any G

Source: Tanaka, K., & Ozaki, T. New TNM classification (AJCC eighth edition) of bone and soft tissue sarcomas: 
JCOG Bone and Soft Tissue Tumor Study Group. Japanese Journal of Clinical Oncology. © 2018 Oxford 
University Press

Table 29.3  American Joint Committee on Cancer (AJCC 8th Edition) [9] staging system for soft tissue 
sarcomas.

Stage Primary tumor (T) Regional lymph node (N) Distant metastasis Histologic grade (G)

IA  5 cm No No G1 or Gx

IB > 5 cm and   10 cm No No G1 or Gx

II  5 cm No No G2 or G3

IIIA > 10 cm and   15 cm No No G2 or G3

IIIB > 15 cm No No G2 or G3

IV Any T Yes No Any G

Any T Any N Yes Any G

Source: Based on Tanaka, K., & Ozaki, T. (2018). New TNM classification (AJCC eighth edition) of bone and soft 
tissue sarcomas: JCOG Bone and Soft Tissue Tumor Study Group. Japanese Journal of Clinical Oncology.
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capsule. It is indicated for removal of benign 
non-invasive tumors of soft tissue and bone. 
Intralesional or marginal excisions are not 
appropriate for oncological resections. Wide 
resections are the most common procedure 
used in the management of soft tissue and bone 
sarcomas and are indicated for some benign 
aggressive tumors. Surgeons attempt to achieve 
a clear margin of at least 2 cm. Radical resection 
involves removal of an entire anatomic com-
partment and is indicated in high-grade tumors.

Radiation therapy may be used in both a neo-
adjuvant and adjuvant setting. The former is 
often used as an attempt to shrink the tumor 
preoperatively in order to improve the chances 
of achieving a negative margin and to treat 
local microscopic metastases. Postoperative or 
adjuvant radiation is often used following 
resection of large tumors (> 5 cm) especially 
when the resection margins are close. Radiation 
therapy can be administered as a photon beam 
or as particle therapy (carbon ion therapy).

Neoadjuvant and adjuvant chemotherapy 
is  routinely used in chemotherapy-sensitive 
tumors like osteosarcoma, Ewing’s sarcoma, 
and embryonal rhabdomyosarcomas  [10]. 
While chemotherapy is also used in other sar-
comas, its efficacy is debated. Chemotherapy is 
occasionally used for palliation when tumors 
are unresectable or as definitive treatment in 
certain large tumors. Tyrosine kinase inhibi-
tors including imatinib have proven to be effec-
tive in advanced gastrointestinal stromal 
tumors (GIST) of the colon and rectum [11].

Cryotherapy administered under image 
guidance can be effective in eliminating small 
recurrent sarcoma nodules. Radiofrequency 
ablation is very effective in the management of 
osteoid osteoma.

Benign Soft Tissue Tumors 
of the Pelvis

Lipoma/Pelvic Lipomatosis

Lipoma is the most common mesenchymal 
tumor in adults [12]. These tumors are usually 
asymptomatic and have a homogeneous well-

marginated appearance on MRI scan. They 
may be observed or marginally excised.

Pelvis lipomatosis is a diffuse overgrowth of 
mature adipose tissue which in the pelvis can 
surround the bladder and rectum  [13]. It is 
most common in black males. Rarely, these 
patients develop hydronephrosis or bowel 
obstruction, requiring debulking of the fatty 
mass. Recurrence occurs frequently.

Schwannoma

Pelvic schwannomas (Figure  29.1) usually 
occur in the presacral area arising from pre-
sacral nerve roots commonly at the S2 fora-
men. They may cause presacral pressure 
erosion of bone. MRI scan shows enlarge-
ment of the involved foramen and may show 
a characteristic target sign [14]. The diagno-
sis can be confirmed with core biopsy. If 
asymptomatic, schwannomas can be safely 
observed. Symptomatic lesions can be suc-
cessfully excised by enucleation of the tumor, 
retaining the peripheral nerve fibers. In neu-
rofibromas, separation of the tumor from the 
nerve fibers can be extremely difficult and in 
symptomatic cases resection of the nerve root 
may be necessary. Removal of a solitary lower 
sacral nerve root rarely results in significant 
disability. Malignant change of these tumors 

Figure 29.1  Presacral schwannoma arising from 
the S2 root. Source: Eugenia Schwarzkopf and 
Patrick Boland.
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is extremely rare except in the setting of mul-
tiple NF1 [15].

Desmoid-Type Fibromatosis

Desmoid-type fibromatoses are benign but 
locally aggressive fibroblastic tumors. Based on 
the anatomic location, three types are described: 
abdominal wall, extra-abdominal, and intra-
abdominal tumors. Intra-abdominal desmoids 
frequently occur in the sidewall of the pelvis or 
in the mesentery. They are common in women 
of childbearing age and may be misdiagnosed as 
malignant ovarian tumors [16]. They are usually 
slow-growing. Mesenteric desmoids account for 
up to 15% of all desmoid tumors and may be 
associated with Gardner’s syndrome [17].

It should be noted when planning treatment 
that desmoid tumors never metastasize, but 
they can be locally aggressive. Many desmoid 
tumors remain indolent and may regress with 
time. Traditionally, the standard treatment was 
surgery, attempting to achieve a negative mar-
gin without causing morbidity. It should be 
noted that while resection with negative mar-
gins has the lowest incidence of recurrence, a 
significant proportion of these tumors are 
resected with positive margins. Following sur-
gery, recurrence rates are higher in large 
tumors, young patients, and extremity loca-
tions. Based on the experience of the Memorial 
Sloan Kettering Cancer Centre, we recom-
mend the following algorithm:

●● Primary disease: (i) observation; (ii) consider 
resection if procedure is not morbid; (iii) sys-
temic therapy for locally advanced disease.

●● Recurrent disease: (i) observation; (ii) sys-
temic therapy including anti-estrogens, 
pegylated liposomal doxorubicin, or doxoru-
bicin/dacarbazine.

Soft Tissue Sarcomas of the Pelvis

It is estimated that 18% of abdomino-pelvic 
sarcomas arise in the pelvis, with many more 
extending from the retroperitoneum into the 
pelvis  [18]. Extension through the sciatic 

notch and obturator foramen is not uncom-
mon. Invasion of the bony pelvis in primary 
sarcomas is extremely rare. Tumors not 
directly involving pelvic viscera, nerves, or 
blood vessels can usually be resected without 
sacrificing these structures. Wide surgical 
resection achieving negative margins must 
be attempted in all cases in order to reduce 
the incidence of local recurrence. If it is nec-
essary, due to direct tumor invasion, resec-
tion of all or part of the pelvic viscera (pelvic 
exenteration), nerves, or vessels should be 
done. Tumors surrounding or infiltrating 
major arteries including the common iliac or 
external iliac artery require vascular grafting 
following resection, while no such recon-
struction is necessary following major vein 
resection. These patients are managed with 
postoperative elevation and use of compres-
sion stockings.

Sacrifice of the obturator nerve causes little 
dysfunction, unlike resection of the femoral or 
sciatic nerves. However, following resection 
of  the femoral or sciatic nerves, patients 
can function satisfactorily with rehabilitation. 
Involvement of both femoral and sciatic nerves 
is probably an indication for amputation 
(hemipelvectomy). Partial resection of the 
bladder or ureter can usually be repaired, 
requiring specialist input of urology. Sarcomas 
such as rhabdomyosarcoma or epithelioid sar-
comas may arise in the prostate, seminal vesi-
cles, or paratesticular areas, requiring resection 
of those organs.

Surgery can usually be done through a mid-
line transperitoneal approach with or with-
out inguinal or perineal extension, or through 
an ilioinguinal or retroperitoneal method. In 
rare instances, pelvic bone resection with or 
without skeletal reconstruction will be neces-
sary. Tumors that extend through the sciatic 
notch into the buttock may require both an 
anterior and posterior approach. The poste-
rior incision is best done in a longitudinal 
fashion in the midline over the lower sacrum 
and posterior iliac crest, elevating the gluteus 
maximus muscle and reflecting it anteriorly, 
exposing the sciatic notch, nerve, and gluteal 
vessels.
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Liposarcoma

Liposarcoma is one of the most common pelvic 
sarcomas. There are three biologic subtypes:

i)  well-differentiated liposarcoma and its high-
grade variant, dedifferentiated liposarcoma;

ii)  myxoid (low grade) and round cell (high 
grade) liposarcoma; and (iii) pleomor-
phic liposarcoma (the most malignant 
subtype but rarely occurring in the 
pelvis) [19].

Well-differentiated liposarcoma is a non-
metastasizing tumor that is not uncommon 
in  the retroperitoneum and pelvis but can 
transform into a undifferentiated tumor. 
Dedifferentiated liposarcoma often occurs fol-
lowing resected pelvic or retroperitoneal well-
differentiated liposarcoma, but can develop de 
novo. These two subtypes have different 
appearances on MRI scan. Myxoid liposar-
coma and high-grade round cell type are often 
very large at the time of diagnosis. These occur 
more frequently in the proximal thigh but may 
extend into the pelvis. This subtype has a pre-
dilection to metastasize to unusual sites such 
as the retroperitoneum or bones, especially the 
spine. Staging studies should be carried out 
with this in mind.

As with all sarcomas, complete gross resec-
tion is the aim. Myxoid liposarcoma is sensi-
tive to radiation therapy and chemotherapy, 
which may be used as neoadjuvant or adjuvant 
therapy.

Leiomyosarcoma

Leiomyosarcoma usually occurs in the retrop-
eritoneum and pelvis. Within the pelvis it 
commonly arises from the uterus, but also it 
can be derived from around the ureter, pros-
tate, or pelvic sidewall structures  [20–23]. 
Early wide resection is the treatment of 
choice. Uterine leiomyosarcoma is treated 
with hysterectomy. In young women, when 
tumors are confined to the uterus alone, the 
ovaries can be spared.

Rhabdomyosarcoma

Rhabdomyosarcoma is a malignant tumor fea-
turing skeletal muscle cells. Several histologi-
cal variants exist:

●● Embryonal rhabdomyosarcoma: this is the 
most common type and occurs in patients 
from infancy to 15 years of age. Common 
locations include the retroperitoneum and 
pelvis  [23]. Patients aged one to nine years 
have better outcomes than adolescents or 
infants [24].

●● Spindle cell rhabdomyosarcoma: this is a 
rare subtype of rhabdomyosarcomas. It 
affects children and adults, with a male pre-
dominance  [25]. Anatomical locations 
include the paratesticular region and retrop-
eritoneum [26–28].

●● Alveolar rhabdomyosarcoma: this is a high-
grade malignant tumor, composed of undif-
ferentiated, small, round-oval cells. It is 
prevalent in adolescents and young adults.

●● Pleomorphic rhabdomyosarcoma: these high-
grade, aggressive sarcomas are most common 
in the sixth to seventh decade of life.

Malignant Peripheral Nerve Sheath 
Tumors

Malignant peripheral nerve sheath tumors 
(MPNSTs) arise from the cellular components 
of nerves, the Schwann and perineural cells. 
These are highly aggressive tumors, with a 
high tendency to metastasize, and have poor 
prognosis  [29]. MPNSTs occur in three set-
tings: (i) sporadic, (ii) post radiation exposure, 
and (iii) associated with NF1. While MPNSTs 
are more common in the extremities, they can 
also occur in the pelvis. Fifty percent of 
patients with MPNST have NF1  [25]. These 
tumors normally involve large nerves in the 
sciatic and lumbosacral plexus, causing signifi-
cant symptoms. Treatment is primarily surgi-
cal, requiring wide resection. Since the 
lumbosacral plexus is a common place for 
involvement of these tumors in the pelvis, a 
significant neurologic deficit can result from 
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radical surgery. However, this should not deter 
the surgeon from doing a wide resection. 
Patients can be rehabilitated following resec-
tion of major pelvic nerves. Radiation therapy 
in addition to surgery is used for tumors > 
5 cm, especially if the resection margin is close.

Solitary Fibrous Tumor

Solitary fibrous tumor is defined as a ubiquitous 
mesenchymal tumor arising from fibroblasts 
and containing a hemangiopericytoma-like 
branching vascular pattern. Large tumors are 
associated with hypoglycemia because of secre-
tion of an insulin-like growth factor (Doege–
Potter syndrome)  [30]. Eighty-five percent of 
these tumors are benign, but the remaining 15% 
are malignant and can metastasize to the lung, 
liver, or bone. Marginal resection is adequate for 
benign solitary fibrous tumors, whereas the 
malignant variant requires wide resection with 
or without radiation therapy.

Epithelioid Sarcoma

Epithelioid sarcomas are a rare malignant mes-
enchymal neoplasm where the cell of origin is 
unknown. There are two subtypes: the conven-
tional type which arises in acral sites, and the 
proximal type which occurs in perineal and 
groin areas. This latter type is characterized by 
pleomorphic epithelioid carcinoma-like cells. 
They can grow to large sizes and tend to be infil-
trative [31]. In addition to metastasizing to the 
lung, they frequently metastasize to the lymph 
nodes. Treatment consists of wide resection and 
sentinel node mapping, with lymphadenectomy 
if indicated. Chemotherapy is rarely effective.

Undifferentiated Pleomorphic 
Sarcomas

Formally known as malignant fibrous histiocy-
tomas, undifferentiated pleomorphic sarcomas 
consist of tumor cells with diffuse pleomor-
phism and no identifiable line of differentiation. 
They represent 20% of all soft tissue sarcomas, 

occur in older adults, and can be found in any 
location, including the pelvis [32]. While the eti-
ology is unknown, there is evidence that at least 
25% of them are radiation-associated tumors. 
Wide resection is the recommended treatment 
and adjuvant radiation therapy is effective in 
50% of cases [32].

Benign Bone Tumors Involving 
the Pelvis

The pelvis skeleton is composed of two innom-
inate bones and the sacrum connected by bilat-
eral sacroiliac joints and the symphysis pubis. 
It is estimated that benign tumors outnumber 
malignant ones by a factor of 100. Most benign 
tumors are asymptomatic, discovered inciden-
tally, and require no intervention.

Enneking et al. proposed a system for stag-
ing benign bone tumors using Arabic numbers 
1, 2, and 3 (latent, active, and aggressive) [8]. 
Observation or intralesional intervention with 
or without the use of physical adjuvant thera-
pies are usually the management modalities of 
choice depending on symptoms or radio-
graphic appearances. Marginal or wide resec-
tion may be indicated for aggressive benign 
bone tumors, especially as they are located in 
expandable portions of the pelvis.

Osteochondroma

The most common benign pelvic tumor is an 
osteochondroma, usually in the iliac bone. 
Excision is indicated if they are symptomatic 
or increasing in size in an adult. Multiple 
hereditary osteochondromatosis is an autoso-
mal dominant condition characterized by 
development of multiple osteochondromas 
with mutations in EXT1 and/or EXT2 
genes  [33]. Malignant degeneration occurs in 
5% of cases  [34]. Malignant change occurs 
more often in pelvic lesions and is suspected 
with onset of pain and growth of the cartilage 
over 1.5 cm.



Mesenchymal and Non-Epithelial Tumors of the Pelvis290

Ganglion Cyst

Supra-acetabular bone cysts are associated 
with degenerative hip disease. Treatment 
is  directed at the underlying arthritis if 
symptomatic.

Aneurysmal Bone Cyst

Aneurysmal bone cyst (ABC) can be active or 
aggressive. Symptoms may include local 
pain,  antalgic gait, and rarely radiculopathy 
depending on the tumor location. Imaging 
usually shows an expansible lesion. MRI scan 

classically reveals fluid–fluid levels (Figure 29.2). 
These tumors usually occur in iliac bone or 
the posterior elements of the sacrum. 
Histology shows a benign histiocytic stroma 
with blood-filled spaces and giant cells. ABC 
may be secondary to other benign tumors. 
ABC is a true tumor resulting from trans
location of ubiquitin-specific-peptidase 6 
(USP6)  [35]. Treatment includes arterial 
embolism, open intralesional curettage, cryo-
surgery, and bone grafting. Recurrence occurs 
in up to 25% of cases. ABC of the sacrum can 
often be managed with marginal resection.

(a)

(c)

(b)

Figure 29.2  (a) Plain X-ray of the pelvis showing destructive lesion with medial wall expansion. (b) ABC 
arising from the inner wall of the pelvis with fluid–fluid levels in the cystic lesion. (c) Healed ABC one year 
postoperatively. Source: Eugenia Schwarzkopf and Patrick Boland.
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Giant Cell Tumor

Giant cell tumor (GCT) is an example of an 
aggressive benign tumor. While it most com-
monly occurs in the epiphysis of long bones, it 
can occur in the pelvis or sacrum. In the sacrum, 
it frequently involves the body of the second 
sacral segment, making treatment complicated.

GCT may be associated with aneurysmal 
bone cysts resulting in a higher incidence of 
local recurrence following treatment. It is 
more common in females, with a peak inci-
dence in the third and fourth decades [36]. The 
cell of origin is unknown, but histologically 
GCT consists of multinucleated giant cells and 
benign spindle cells, the latter being the true 
tumor cells.

For pelvic GCT, recommended treatment 
includes intralesional curettage and adjuvant 
cryosurgery. The defect maybe filled with 
methyl methacrylate which is also an adjuvant 
therapy. In the sacrum, tumors occurring 
below the third sacral roots should be excised. 
Tumors that extend higher have been success-
fully treated with low sacrectomy preserving 
the S3 roots and radiation to the higher sacral 
levels, followed by intralesional curettage. The 
sacral nerve roots should be preserved  [37]. 
Denosumab reduces the size of the tumor. It 
eliminates the giant cells but has no effect on 
the true tumor component, i.e. spindle cells, so 
aggressive recurrence is almost inevitable. The 
use of denosumab in the management of GCT 
has not been determined [38].

Osteoid Osteoma

Osteoid osteoma is usually a very painful 
benign bone lesion characterized by the radio-
graphic presence of a small central lucent area 
(< 1.5 cm) representing fibro-osseous tissue 
surrounded by reactive bone. It occurs in child-
hood and adolescence [39]. The pain is usually 
relieved by non-steroidal anti-inflammatory 
drugs. In the pelvis it often occurs in the ace-
tabulum, causing hip pain. In the sacrum it 
occurs in the posterior bony elements.

While excision of the nidus was the tradi-
tional treatment, most are now successfully 
treated with percutaneous radiofrequency 
ablation of the central nidus.

Osteoblastoma

Osteoblastoma is a rare fibro-osseous tumor of 
bone with similar histologic features as osteoid 
osteoma, but it is larger and more aggressively 
destructive, and the pain is not usually relieved 
by non-steroidal anti-inflammatory drugs. 
Radiographically, it is larger than osteoid 
osteoma (2–10 cm) [40]. While rare, the sacrum 
is a favored anatomic location. Osteoblastoma 
classically involves the sacral lamina. On MRI, 
the tumor is frequently surrounded by an area 
of high signal change representing reactive 
changes, making this tumor appear larger. 
Treatment requires complete excision.

Malignant Bone Tumors 
of the Pelvis

While metastatic malignancy is the most com-
mon malignant tumor in the pelvis, four malig-
nant neoplasms account for the vast majority of 
primary tumors of the pelvis and are briefly 
described. They include osteosarcoma, Ewing’s 
sarcoma, chondrosarcoma, and sacral chordoma.

Osteosarcoma and Ewing’s sarcoma occur 
most commonly in children and adolescents, 
while chondrosarcoma and chordoma are dis-
eases of the older age group. Osteosarcoma 
and Ewing’s sarcoma are managed with mul-
timodality treatment including chemother-
apy and surgery, and in the case of Ewing’s 
sarcoma radiation may be employed. 
Chondrosarcoma is resistant to radiation and 
chemotherapy, while the primary treatment 
for chordoma is wide surgical resection, and 
modern forms of radiation therapy are being 
used as adjuvants. Wide resection with nega-
tive margins is essential for all these pelvic 
and sacral malignancies.
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Wide resection of pelvic tumors is challeng-
ing but usually possible. Hemipelvectomy was 
the traditional surgical treatment; however, 
studies have shown that local control and sur-
vival are equivalent in the management of soft 
tissue and bone sarcomas, assuming wide mar-
gins are achieved. Involvement of the common 
iliac or external iliac artery can be dealt with by 
arterial resection and reconstruction. Major 
vein vessels do not require reconstruction. In 
cases where it is necessary to resect both the 
sciatic and femoral nerve, an external hemipel-
vectomy is probably indicated.

The incision for internal hemipelvectomy 
used by the authors was described by Enneking 
et al. and is shown in Figure 29.3a. Any part or 
all of these incisions are used depending on 
the extent of the resection. Four types of resec-
tions are described and shown in Figure 29.3b.

Types of Resections

Reconstruction is recommended when resec-
tion includes type II (acetabular and hip) exci-
sions. Type III when done alone does not 
require stabilization. Type I resection is usually 
reconstructed, but function can be satisfactory 
without repair. Resection of the total innomi-
nate bone can be reconstructed using a custom 
prosthesis (Figure 29.4) or occasionally the leg 

can be left flail. Since there is a very high 
postoperative complication rate with allograft 
or prostheses, some surgeons often omit 
reconstruction.

Radiation therapy may be given in an adju-
vant setting preceding or following surgical 
resection. It is occasionally used instead of sur-
gery in pelvic Ewing’s sarcoma. Occasionally it 
is given as definitive treatment for non-opera-
ble tumors or for palliation.

I

IV

II

III

(a)

I

II

III

IV

(b)

Figure 29.3  Incisions for internal hemipelvectomy.

Figure 29.4  Reconstruction using a pelvic allograft 
and hip prosthesis following type 1/2 and partial 
type 3 resection. Source: Eugenia Schwarzkopf and 
Patrick Boland.
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Osteosarcoma

High-grade classic osteosarcoma is the most 
common primary bone tumor and affects ado-
lescents most commonly. A second peak in 
incidences occurs in older people and these are 
frequently secondary to radiation therapy, 
Paget’s disease, fibrous dysplasia, or osteomy-
elitis [41]. Osteosarcoma usually arises in the 
appendicular skeleton but does occur in the 
pelvis and sacrum. The prognosis for pelvic 
and sacral osteosarcoma is poor.

Treatment consists of neoadjuvant chem-
otherapy, followed by surgery, followed by 
six months of postoperative systemic treat-
ment. Wide surgical resection is essential. 
Reconstruction is usually carried out as 
indicated.

Ewing’s Sarcoma

Ewing’s sarcoma is a high-grade malignant 
round cell tumor and is the second most com-
mon bone malignancy in young people. In the 
trunk, the most common location is the pelvis, 
followed by the sacrum [42].

Imaging reveals a lytic lesion usually associ-
ated with a large soft tissue mass. Clinically it 
presents with pain or sciatica in pelvic sacral 
lesions. It is often accompanied by fever. As in 
the case of osteosarcoma, treatment consists of 
neoadjuvant chemotherapy, surgery, and/or 
radiation therapy followed by adjuvant chemo-
therapy. Radiation should be reserved for inop-
erable tumors or as an adjuvant when resection 
resulted in positive margins. The use of radia-
tion therapy in Ewing’s sarcoma is associated 
with a low but significant incidence of radia-
tion-associated tumors.

Chondrosarcoma

The pelvis is the most common location of 
occurrence for conventional chondrosar-
coma [43]. It is composed of malignant chon-
drocytes which may be low, intermediate, or 
high-grade. The higher the grade, the worse 
the prognosis. Chondrosarcomas of the pelvis 

are usually more aggressive than their histol-
ogy would indicate, so a diagnosis of a benign 
cartilage tumor of the pelvis should be inter-
preted with caution. Due to the anatomy, pel-
vic chondrosarcomas are often very large when 
diagnosed. Pain deep in the pelvis or radicular 
is the most common presenting feature.

Undifferentiated chondrosarcoma is a sub-
type common in the pelvis. It arises in a low-
grade tumor and is characterized by sudden 
onset of pain or a rapid growth of a pre-exist-
ing mass. Secondary chondrosarcomas of the 
pelvis or sacrum arise in pre-existing benign 
tumors, including enchondroma and Ollier’s 
disease (multiple enchondromatosis), and in 
osteochondromas usually in the setting of pel-
vic multiple hereditary osteochondromas.

Chondrosarcoma is radioresistant and there 
is no proven effective systemic treatment. Wide 
surgical resection of these tumors is the treat-
ment of choice.

The recent discovery of mutation in isoci-
trate dehydrogenase 1 (IDH1) is important in 
diagnosis  [44]. Monoclonal antibodies devel-
oped against these mutations may lead to effec-
tive targeted therapy.

Chordoma

Chordoma is a slow-growing locally destruc-
tive malignant tumor thought to arise from 
vestigial notochordal tissue. It accounts for 
20% of all primary malignant bone tumors, 
making it the fourth most common bone 
neoplasm. It occurs almost exclusively in 
the spine; 50% of the tumors arise in the 
sacrum [45].

Patients typically present with a long-
standing history of low back pain or sciatica. 
In advanced cases, patients present with loss 
of bowel, bladder, and sexual function due to 
destruction of the higher sacral nerves, S3 
and above.

Although the tumor is lytic, the area of 
destruction may be subtle on plain X-ray and 
bone scan is frequently normal. MRI is the 
imaging modality of choice and shows a 
tumor arising from the center of the vertebral 
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body, with a soft tissue mass extending anteri-
orly and posteriorly (Figure 29.5). Microscopic 
examination reveals large vacuolated cells 
with vacuolated cytoplasm (physaliferous 
cells). Immunohistochemistry staining for 
S100, epithelial markers, and Brachyury tran-
scription factors expressed by notochordal 
cells is positive [46].

Wide resection with negative margins is the 
treatment of choice. Resection of both S3 roots 
usually results in loss of bowel, bladder, and 
sexual function. Sacropelvic stabilization is 

recommended when the resection is carried 
out at or above the level of the first sacral fora-
men (Figure  29.6). When large tumors have 
been removed, a vertical rectus abdominis 
musculocutaneous (VRAM) flap is strongly 
recommended.

Figure 29.5  Sacral chordoma extending 
proximally to the L5–S1 level. Source: Eugenia 
Schwarzkopf and Patrick Boland.

Figure 29.6  Typical reconstruction following 
sacrectomy; fibular strut graft was used 
anteriorly, and posterior spinal-pelvic 
stabilization was achieved with screws and 
rods. Source: Eugenia Schwarzkopf and Patrick  
Boland. 

Summary Box

●● Tumours arising from tissue of the primi-
tive mesenchymal mesenchyme comprise 
a heterogeneous group of benign and 
malignant neoplasms.The pathologic clas-
sification is largely based on recognition 
of the tissues of origin.

●● Treatment methods used in the manage-
ment of musculoskeletal tumours of the 
pelvis include observation, surgery, radia-
tion, and systemic therapy.

●● Neoadjuvant and adjuvant chemother-
apy  is routinely used in chemotherapy-
sensitive tumors like osteosarcoma, Ewing’s 
sarcoma, and embryonal 
rhabdomyosarcomas.

●● Surgical options can require extensive 
reconstruction to restore function in 
most instances. Clear preoperative 
counseling is vital to manage patient 
expectations.
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