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Oncology is an area of high complexity, where more and more 
specific knowledge is required. The time is short, the area is 
embracing and deep, and the books for pharmacists are few. The 
Golden Guide to Oncologic Pharmacy, edited by Carolina Witch-
michen Penteado Schmidt and Kaléu Mormino Otoni, is a book 
by oncology pharmacists for oncology pharmacists. We, editors, 
have years of experience in the daily practice and teaching of 
oncology in postgraduate courses and publishing scientific knowl-
edge to help professionals have the information we would like to 
have had when we started, and also years later, for quick search. 
So, we gathered a team of experienced pharmacists and other 
healthcare professionals who work in this area of high complex-
ity. This book fills a gap, and it's the first one aimed at oncology 
pharmacists' daily practice. If you also work with pediatric 
patients, please check Pediatric Oncology Pharmacy: A Complete 
Guide to Practice as well.

This essential guide will support oncologic pharmacists, clini-
cal pharmacists, and hospital pharmacists in their daily practice 
with every area that involves chemotherapy, such as oncology, 
hematology, rheumatology, stem cell transplantation, ICU, and 
surgery center, as well as approaches without chemotherapy for 
cancer, such as CAR-T cells. The essential knowledge has been 
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gathered in this volume, being essential also for postgraduate stu-
dents, residents, and even undergraduate students.

Curitiba, Brazil Carolina Witchmichen Penteado Schmidt
Quixadá, Ceará, Brazil Kaléu Mormino Otoni 
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1

1.1  The Oncology Pharmacist

The history of the oncology pharmacy is relatively new, and we are 
still building our place and roles in this area. There are different 
roles the pharmacists play throughout the world and in (adult and 
pediatric) oncology, hematology, and chemotherapy for other spe-
cialized areas, like rheumatology. As cancer knowledge becomes 
more complex, there are more areas in which specialists are needed. 
Pharmacists are needed in diverse stages of cancer treatment, from 
the research, production of chemotherapeutic drugs in the industry, 
logistics, hospital management, clinical pharmacy with oncologic 
patients, chemotherapy handling, follow- up and management of 
side effects, and support drugs even when the patient is at home. 
Another relatively new area where the pharmacist is essential is 
stem cell transplantation. Furthermore, for those cases in which all 
the possibilities of treatment ended, the pharmacist has much work 
in palliative care, especially the clinical pharmacist. Many countries 
and many oncology centers only allow pharmacists specialized in 
oncology to be  responsible for chemotherapy handling, since the 
professional doing this work needs to know drug interaction, han-

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-98596-7_1&domain=pdf
https://doi.org/10.1007/978-3-030-98596-7_1#DOI
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dling, chemistry, microbiology, and, among other areas, especially 
a deep knowledge in pharmacology that only pharmacists have. The 
specialization and graduation courses have been modernized to 
include the new high complexity needs. As well as we cannot imag-
ine another professional administrating chemotherapy but an oncol-
ogy/hematology nurse, and it is unimaginable another professional 
defining the protocol and prescribing the chemotherapy but an 
oncology/hematology physician, it is impossible to imagine nowa-
days another professional handling chemotherapy but the oncol-
ogy/hematology pharmacist. Unfortunately, some countries have so 
many health issues and social problems that barely have cancer 
treatment, even more pharmacists handling chemotherapy. In the 
past, when cancer was treated with less complexity than today, 
nurses were the healthcare professionals who used to handle che-
motherapy. In 1979, it was published the first convincing evidence, 
in a small but controlled study, that mutagenic activity was found in 
the urine of patients who received chemotherapy as well as in the 
nurses who administered it. Since then, there was evidence of sig-
nificant risk by occupational exposure published all around, and the 
safety of professionals involved in the chemotherapy treatment and 
also of the patients was improved. The main routes of cytotoxic 
drug exposure occur through skin contact and absorption, inhala-
tion, ingestion, and sharp injuries. In the 1980s, the USA 
Occupational Safety and Health Administration (OSHA) was con-
cerned about chemotherapy preparation practices, and the analysis 
of the procedures showed facilities failing in protecting the pharma-
cists. A safe handling program was implemented, described in the 
American Journal of Hospital Pharmacy, and it became the basis for 
the first American Society of Hospital Pharmacists (ASHP) 
Technical Assistance Bulletin on Handling Cytotoxic Drugs [1].

1.2  The Roles of an Oncology Pharmacist

The Oncology Pharmacy Team consists of specialty-trained phar-
macists and their team of pharmacy technicians, and it is an inte-
gral component of the multidisciplinary healthcare team. Involved 
with all aspects of cancer patient care, this team works to guaran-
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tee quality in patient care, safety, and local regulatory compliance. 
The International Society of Oncology Pharmacy Practitioners 
(ISOPP) developed a statement to guide five key areas: oncology 
pharmacy practice as a pharmacy specialty, contributions to 
patient care, oncology pharmacy practice management, education 
and training, and contributions to oncology research and quality 
initiatives to involve this team. Their position statement advocates 
that the oncology pharmacy team be fully incorporated into the 
multidisciplinary team to optimize patient care, educational and 
healthcare institutions develop programs to educate the members 
of this team continually, and regulatory authorities develop certi-
fication programs to recognize the unique contributions of the 
oncology pharmacy team in cancer patient care [2].

An oncology pharmacist is responsible for evaluating the pre-
scriptions and protocols and if they are appropriate for the patient, 
evaluating the doses, drug interactions, chemical compatibility, 
volume, and, if it is not adequate, contact the physician who pre-
scribed it to suggest changes and politely discuss the reasons and 
mechanisms and work as a team for the well-being of the patient. 
Before calling the physician, the pharmacist should be sure about 
what he has to discuss and be open to hear the feedback and ana-
lyze the protocol as a team working for the patient. The pharma-
cist is co-responsible for every drug the patient will receive, so if 
the therapy is harmful and the physician is not able to identify an 
error, it is the role of the pharmacist to talk as much as it is neces-
sary with them or contact a preceptor or the rest of the team to 
discuss the therapy. At the same time that a pharmacist evaluates 
the appropriateness of the therapy, including pre-chemotherapy 
and support drugs, the pharmacist should evaluate if he can con-
tribute to this therapy to make it better for that patient. Maybe the 
patient has a volume restriction, and the protocol can be handled 
in a more concentrated way. Maybe the patient will benefit from 
another combination of support drugs due to a reduced drug inter-
action. Maybe another formula can be better for that patient. If 
there are ways to improve the therapy, the pharmacist should call 
the physician who prescribed to suggest that. The pharmacist 
should have in mind an optimization of the patient’s adherence to 
anticancer therapy and the different formulas and support drugs 
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that can help this. A clinical pharmacist can monitor drug thera-
py’s adverse effects and pharmacovigilance-related activities. 
Verifying, reviewing, and recommending strategies for food and 
drug interactions before and throughout therapy is also essential. 
Implement patient-specific management of treatment-related 
adverse effects, and ensure supportive care is planned and imple-
mented is important. Promoting patient and caregiver advocacy is 
also a pharmacist’s role, together with the whole team [2].

It is also the role of an oncology pharmacist to define prac-
tices and standards for safe practice and train the team. The 
oncology pharmacist should develop strategies to mitigate, man-
age, and prevent medication errors, drug-related problems, and 
drug- related morbidity. Standard operating procedures (SOP) 
are necessary and should be written and studied by all the team. 
It is important to reread the SOPs and do new training to guaran-
tee a safe practice from time to time. The oncology pharmacist 
needs to guarantee the quality of the drugs, promoting appropri-
ate storage and handling and dispensing of medication. The 
drugs and the environment should be controlled regarding tem-
perature, microorganisms, and the drugs handled should be ster-
ile. The pharmacist needs to have critical thinking, certify the 
procedures and the references used, and modernize it according 
to the advance of science. A good oncology pharmacist is ahead; 
they do not just follow the legislation and only the minimum 
standard. A good oncology pharmacist is creative and can adapt 
and make the best possible with the minimum resources. 
Education and training are necessary for the pharmacist, and it 
is also essential that they promote knowledge for their team 
inside the pharmacy, the multidisciplinary team, and the patients. 
Good pharmacists learn and teach; they share knowledge always. 
Moreover, they are humble enough to understand that what they 
do is always for the patient’s health and the community, the col-
lective health. However, they are also strong enough not to be 
tricked by false knowledge or accept situations that can harm 
their own health or the patients. The safety of them and their 
teams is the most critical priority. To take care of the others, you 
need to take care of yourself first. That story of the oxygen 
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masks in the airplanes, to put your mask before helping your kid 
or another person, is the perfect metaphor for the oncology phar-
macists. Nobody should accept to work in harmful conditions. 
The work of an oncology pharmacist can be extended for 
research. They can conduct and facilitate oncology- related 
research activities [2].

1.3  Becoming an Oncology Pharmacist

The first thing to have in mind when becoming an oncology phar-
macist is to check the local law and what it demands. Then, what 
the institutions ask. In general, a pharmacist can become an oncol-
ogy pharmacist completing a post-graduation, residency program, 
or a structured traineeship in the area. The kind of certification the 
countries ask in law may vary. Official organizations recognize 
and certificate pharmacists after a test or validating their own cer-
tifications achieved by courses. To become a pediatric oncology 
pharmacist, knowledge in pediatrics and neonatal is also needed, 
as well as the knowledge specifically in pediatric oncology, which 
differs a lot from adult oncology. The most common of childhood 
cancer types are hematological. Children receive, in general, 
higher doses of chemotherapy than adults since their cellular 
renewal is faster. Pediatric oncology is more complex than adult 
oncology and has much more details. Pediatric oncology books, 
courses, training, experience, and internship help a lot. Formal 
training in pediatric oncology is still not standard everywhere, and 
many pharmacists search for education in oncology in post- 
graduation courses that include pediatric oncology and focus all 
their work in pediatric oncology, studying books, making research 
or their monography or another kind of final course assignment in 
this area, as well as an internship. Residence programs for phar-
macists in pediatric oncology are not standard everywhere, but 
some countries have it available more commonly. Independent 
from the method available and chosen, the important is to be qual-
ified to offer high-quality therapy for the patients and be allowed 
by law to work in this area.

1 The Pharmacist in Oncology and Hematology
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1.4  Resources

It is important that oncology pharmacists surround themselves 
with trustworthy resources that help them find the correct infor-
mation quickly, such as books, articles, journals, and protocols. 
An investment must be made in good resources to guarantee that 
the oncology pharmacist will have support when they need it. 
Springer Nature (https://link.springer.com/) has packages for hos-
pitals and universities to sign up for their clinical medicine data-
base and access trustworthy books and journals; it is a great 
resource that can be available at the pharmacist’s workplace, and 
it can be found out talking to the librarian. National Cancer 
Institute (https://www.cancer.gov/) has a lot of good material 
available for free. The International Society of Oncology 
Pharmacy Practitioners (ISOPP) (https://www.isopp.org/) has 
many resources available for memberships. American Society of 
Clinical Oncology (ASCO) (https://beta.asco.org/) has resources 
to keep informed. There are wonderful books that help pharma-
cists a lot; one of them, which helps to check doses and concentra-
tions quickly, is the Lexicomp Drug Information Handbook for 
Oncology. Since the oncology area is all based on protocols, the 
pharmacist must be present in congresses and events that present 
the most recent research and be a part of research groups if pos-
sible.

1.5  Oncology Pharmacist: A Valuable 
Resource in the Workforce

The pharmacist is a valuable resource for many different subareas 
in oncology and hematology, making a difference in the treatment 
of patients in the most diverse ways.

A study evaluated the incorporation of a clinical oncology 
pharmacist into an ambulatory care pharmacy in pediatric 
hematology- oncology and transplant clinic. It published the 
results of the professional playing an integral role in minimizing 
the adverse effect and reduction in readmission into the hospital, 
which was especially important because this study was performed 
in Pakistan, which is defined by the authors of the study as an 
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underdeveloped country. This is a relatively new expansion of the 
pharmacist’s role in 2019 and was published in 2020. During the 
five months analyzed, 1820 visitations were performed for pediat-
ric patients. The clinical oncology pharmacist documented 1665 
pharmacist interventions in the 980 direct patient interviews per-
formed. Most of the documented clinical oncology pharmacist 
interventions were reviews of medication histories (24%) and 
dose adjustments of deferiprone (24%). Genomic profiling inter-
ventions were also among the commonly reported activities by 
the professional. For beta-thalassemia patients undergoing 
hydroxyurea therapy, genomic profiling was performed to assess 
whether the hydroxyurea treatment was clinically effective or not 
(23%) [3].

A study performed in Japan aimed to demonstrate the differ-
ences in clinical pharmacy services provided by oncology and 
non-oncology pharmacists for patients and physicians. The 
study also defined the potential impact of these services on med-
ical costs. It concluded that although both oncology pharmacists 
and non-oncology pharmacists provided a service that contrib-
uted greatly to cancer therapy and reduction in medical costs, 
the service provided by oncology pharmacists was of higher 
quality. The impact of the service provided by both oncology 
pharmacists and non-oncology pharmacists may exceed the 
medical fees currently being charged for their services. Clinical 
pharmacy service for outpatients who undergo chemotherapy 
may not only provide better clinical management for patients 
but also reduce medical costs [4].

A pharmacist-led program open to adult outpatients with 
refractory chemotherapy-induced nausea and vomiting was 
implemented at the University of Wisconsin. Pharmacists con-
ducted baseline and follow-up assessments, provided patient 
 education, and started, discontinued, and/or adjusted antiemetic 
drugs according to the clinical necessary for all enrolled patients. 
A retrospective chart review described the proportion of patients 
whose chemotherapy-induced nausea and vomiting improved 
through the intervention. The effect of the program on antiemetic 
adherence was analyzed as well and the duration of patient enroll-
ment. Forty-six patients were enrolled in this program. 89.1% had 
an overall reduction in their nausea and vomiting. 23.9% met the 

1 The Pharmacist in Oncology and Hematology



8

criteria for non-adherence to prescribed antiemetic drugs at base-
line, and all patients were adherent in the end. One hundred eleven 
interventions were made. The most common intervention was the 
addition of a breakthrough antiemetic drug. The least common 
intervention was dose escalation of a previously prescribed anti-
emetic drug. The average number of interventions made per 
patient was 2.5. On average, patients were enrolled in the program 
for 16.6 days and met with a pharmacist three times. The imple-
mentation of this program standardized and streamlined pharma-
cist involvement with refractory chemotherapy-induced nausea 
and vomiting, resulting in a measurable reduction in nausea and/
or vomiting for those patients [5].
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2.1  Breast

2.1.1  Introduction and Epidemiology

This is a malignant tumor that develops due to genetic changes in 
the breast cells, which undergo an abnormal growth. Most breast 
cancers begin in the lobules (milk glands) or in the ducts that con-
nect the lobules to the nipple [2]. If diagnosed early and treated in 
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a timely manner, the prognosis is positive, and the cure rate is 
high. Despite being diagnosed in a few cases, men should also be 
alert to possible symptoms of the disease.

According to the IARC publication, 2,261,419 new cases of 
breast cancer were estimated in 2020, equivalent to 12.5% of all 
estimated cancers and 684,996 deaths corresponding to 6.9% of 
the deaths of all cancers [3].

2.1.2  Risk Factors

There is not only one risk factor for breast cancer; however, the 
age above 50 years is considered the most important. Other fac-
tors that contribute to the increased risk of developing the disease 
are:

• Genetic factors (BRCA1 and BRC2 gene mutations) and hered-
itary factors

• Late menopause
• Obesity
• Sedentary lifestyle
• Frequent exposure to ionizing radiation [4]

2.1.3  Signs and Symptoms

Breast cancer typically has no symptoms when the tumor is small 
and most easily treated, and that is why screening is important for 
early detection [2, 5].

• Changes in the skin that covers the breast (such as redness or 
retractions).

• On the nipple, an aspect similar to orange peel.
• Spontaneous release of abnormal fluid through the nipples.
• Palpable nodes with or without pain in the breast or armpit.
• Presence of a fixed and generally painless node is the main 

manifestation of the disease, which is present in about 90% of 
cases when cancer is noticed by the woman herself.
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• Abnormal calcifications and/or structural distortion in routine 
mammography.

2.1.4  Detection

Breast cancer diagnosis is based on clinical examination com-
bined with imaging studies and confirmed by histopathological 
evaluation. Anamnesis (with special attention to the menopausal 
condition and family history of breast and ovarian cancer) and 
physical examination should be performed, which should include 
bimanual palpation of the breasts and regional lymph nodes. At 
the same time, a search should be made for signs and symptoms 
that may indicate potential sites of metastatic disease.

A minimal blood evaluation (complete blood count, liver and 
kidney function tests, alkaline phosphatase, and calcium level 
tests) is recommended prior to surgery and also a definition of the 
systemic (neo) adjuvant treatment. A bilateral mammography 
should be performed and, if necessary, complement it with a 
breast ultrasound scan. Breast magnetic resonance imaging (MRI) 
is not routinely indicated and can be considered in special situa-
tions [6].

2.1.5  Staging

The staging system used for breast cancer is the TNM system of 
the American Joint Committee on Cancer (AJCC) that considers 
the clinical and pathological staging. In 2018, the staging system 
was updated to include details about the tumor such as estrogen 
and progesterone receptor status, HER2 status [7].

• The pathological stage, also called surgical stage, is deter-
mined by the analysis of the tissue sample removed during sur-
gery.

• If surgery is not possible, the tumor receives the clinical stag-
ing, which is based on the physical examination, biopsy, and 
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imaging results. The clinical stage is used in the treatment 
planning. However, when the disease is disseminated, the clin-
ical stage does not have the same accuracy as the pathological 
stage to predict prognosis.

In both staging systems, the following prognostic factors were 
adopted:

• T: Indicates the primary tumor size and if it is spread to other 
areas.

• N: Describes if there is disease dissemination to regional 
lymph nodes.

• M: Indicates if metastasis is present in other organs, such as 
lungs or liver.

• ER: The tumor is an estrogen receptor.
• PR: The tumor is a progesterone receptor.
• HER2: The tumor has HER2 protein.
• G: The grade indicates how much cancer cells look like normal 

cells.

Due to the high complexity of the new staging for breast cancer 
prognosis, we present the Anatomical Staging (AS) solely based 
on the anatomical extension as defined by TNM and according to 
data from clinical history, physical examination, and imaging 
studies (when indicated) [6].

Definition of the Primary Tumor (T): Clinical and 
Pathological [6]
• TX: Primary tumor cannot be assessed.
• T0: No evidence of primary tumor.
• Tis (DCIS): Ductal carcinoma in situ (lobular carcinoma in situ 

was excluded from the new TNM, and it is characterized as a 
benign disease).

• T1: T ≤ 20 mm in the greatest dimension.
• T1mi (microinvasion): T ≤ 1 mm.
• T1: > 1 and ≤ 20 mm.
• T2: > 20 and ≤ 50 mm.
• T3: > 50 mm.
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13

• T4: Any size, with direct extension to the thoracic wall and/or 
skin or inflammatory cancer. Dermis invasion alone does not 
qualify it as T4.

Clinical Definition of Regional Lymph Nodes (cN) [6]
• cNX: Regional lymph nodes (LNs) cannot be assessed.
• cN0: No regional metastasis (by physical or imaging examina-

tion).
• cN1: Metastasis to movable ipsilateral axillary LNs levels I 

and II.
• cN2: Metastasis to ipsilateral LNs levels I and II that are clini-

cally fixed or coalescent or metastasis to internal breast LNs in 
the absence of axillary metastases.

• cN3: Metastasis to LNs of the ipsilateral infraclavicular chain 
(level III), with or without involvement of the axillary chain 
(level I or II) or clinically apparent metastasis in the ipsilateral 
internal breast chain, in the presence of clinically positive 
metastasis in the axillary region or metastasis in the ipsilateral 
supraclavicular chain, with or without involvement of the axil-
lary or internal breast chain.

Definition of Distant Metastasis (M) [6]
• M0: No metastasis by clinical or radiological criterion of dis-

tant metastasis.
• cM1(i+): No metastasis by clinical or radiological criteria in 

the presence of tumor cells or tumor deposits not greater than 
0.2 mm detected microscopically or by molecular techniques 
in the blood, bone marrow, or other non-regional lymph node 
tissue in a patient with or without symptoms or signs of metas-
tasis.

• M1: Distant metastasis detected by clinical or radiological cri-
terion (cM) and/or histological criterion with deposit greater 
than 0.2 mm (pM).

Stage Grouping [8, 9]
Stage zero (0): Describes disease that is only in the breast tissue 
ducts and has not spread to the surrounding tissue of the breast. It 
is also called non-invasive or in situ cancer (Tis, N0, M0).
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Invasive breast cancer is classified in the following stages, 
according to the disease extent:

• IA: (T1, N0, M0).
• IB:(T0 or T1, N1mi, M0).
• IIA: (T0, N1, M0);(T1, N1, M0) or (T2, N0, M0).
• IIB:(T2, N1, M0) or (T3, N0, M0).
• IIIA:(T0, T1, T2, or T3; N2; M0) or (T3, N1, M0).
• IIIB:(T4; N0, N1, or N2; M0).
• IIIC: (any T, N3, M0).

Stages IA, IB, and IIA are generally considered early-stage 
breast cancer and stages IIIA, IIIB, and IIIC, a locally advanced 
disease. Stage IIB can be classified as initial stage if the tumor is 
>20 mm, but ≤50 mm, and if it is disseminated to 1–3 axillary 
lymph nodes (T2 N1 M0), or as a locally advanced disease if the 
tumor has >50  mm without axillary lymph node involvement 
(T3 N0 M0) [5].

In general, the new staging system classifies triple-negative 
breast cancer (estrogen-receptor-negative, progesterone-receptor- 
negative, and HER2-negative) at a higher stage and classifies 
most hormone-receptor-positive breast cancer at a lower stage.

Although breast cancer most commonly spreads to nearby 
lymph nodes, it can also spread further through the body to areas 
such as the bones, lungs, liver, and brain. This is called metastatic 
or stage IV breast cancer and is the most advanced type of breast 
cancer (any T, any N, M1). If breast cancer comes back after ini-
tial treatment, it can recur locally, mainly in the same breast and/
or regional lymph nodes. It can also recur elsewhere in the body, 
called a distant recurrence or metastatic recurrence [8].

2.1.6  Histopathological and Molecular 
Classification [10]

2.1.6.1  Non-invasive Breast Conditions
Also called carcinoma in situ. These are precancerous conditions, 
where the cells look like cancer cells, but have not invaded nearby 
tissues.
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• Ductal carcinoma in situ (DCIS): abnormal cells in the breast 
ducts may develop into invasive breast cancer.

• Lobular carcinoma in situ (LCIS): abnormal cells in the breast 
lobules increase the risk of developing cancer in either breast.

2.1.6.2  Invasive Breast Cancer
There are two main types of invasive breast cancer. They are 
named after the area of the breast they start in:

• Invasive ductal carcinoma (IDC): starts in the ducts/accounts 
for about 80% of breast cancers.

• Invasive lobular carcinoma (ILC): starts in the lobules/makes 
up about 10% of breast cancers.

There are other less common types of breast cancer. These 
include inflammatory breast cancer, Paget’s disease of the nipple, 
medullary carcinoma, mucinous carcinoma, and papillary carci-
noma.

2.1.6.3  Molecular Classification
Breast cancer molecular classification can be performed in the his-
topathological material by genetic analysis and, more commonly, 
by immunohistochemistry. Different molecular subtypes of breast 
cancer are described, which differ in their clinical evolution and 
prognosis. The five molecular subtypes are luminal A, luminal B, 
luminal HER, receptor of human epidermal growth factor 2 (HER-
2), and triple negative; however, in clinical practice, for defining 
the breast cancer treatment, in addition to the clinical-pathological 
criteria, the estrogen (ER) and progesterone (PR) hormone recep-
tors status and the HER-2 status evaluation are mainly used.

2.2  Cervix Uteri

2.2.1  Introduction and Epidemiology

Uterine cancer is considered the most common invasive gyneco-
logical cancer among American women. Endometrial cancer 
accounts for approximately 90% of all uterine cancers.
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Recent advances indicate that the disease etiology is heteroge-
neous and consists of at least two major subgroups. This hetero-
geneity extends to important racial differences in both incidence 
and survival, probably associated with genetic factors [11].

The incidence of uterine cancer is higher in North America and 
Europe, intermediate in Southern Europe and South America, 
lower in South and East Asia and higher in part of Africa. This 
probably reflects differences in the prevalence of risk factors, 
including obesity and reproductive patterns. In the USA it is the 
fourth most diagnosed type of cancer, which had an estimate of 
63,230 cases in 2018 (life-threatening to 1  in 40 women). The 
disease is considered rare before the age of 45, but the risk 
increases sharply among women of all races aged 40–60 years. In 
2012 uterine cancer was ranked as the sixth most common in the 
world [11]. GLOBOCAN estimated 604,127 new cases of Uterine 
Cancer (3.1%) and 341,831 new deaths (3.4%) related to the dis-
ease in 2020 [12].

2.2.2  Risk Factors

Some of the factors below may increase a woman risk of develop-
ing uterine cancer:

• Age
• Obesity
• Race
• Genetics
• Diabetes
• Other cancers
• Use of tamoxifen
• Radiotherapy
• Diet and nutrition
• Progesterone
• Estrogens
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2.2.3  Signs and Symptoms [13, 14, 15]

• Difficulty and pain to urinate
• Vaginal bleeding
• Pain during sexual intercourse
• Pelvic pain (usually a symptom in the more advanced stages of 

the disease)
• Unexplained weight loss (usually a symptom of the more 

advanced stages of the disease)

2.2.4  Detection

Ultrasound: Often it is one of the first tests used to visualize the 
uterus, ovaries, and fallopian tubes in women with possible gyne-
cological problems. Vaginal ultrasound offers a better view of the 
uterus, to see if the organ contains any mass (tumor) or if the 
endometrium is thinner than normal, and which may indicate an 
endometrium cancer [16].

Endometrial biopsy: this is the most used test for endometrium 
cancer and very accurate in postmenopausal women and can be 
performed in the doctor’s office [16].

Hysteroscopy: the surgeon can have a privileged view and can 
biopsy something abnormal.

Dilation and curettage: if endometrial biopsy does not provide 
sufficient tissue or suggest cancer, but the results are not conclu-
sive, dilation and curettage should be performed [16, 17].

2.2.5  Staging [16]

Two systems are used for endometrial cancer staging, FIGO 
(International Federation of Gynecology and Obstetrics) and 
AJCC, and their staging is practically the same.
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The endometrial cancer stage system considers the clinical and 
pathological staging.

• TX: The main tumor cannot be assessed due to lack of informa-
tion.

• T0: No evidence of primary tumor.
• NX: Regional lymph node cannot be assessed due to lack of 

information.

• Stage I: cancer grows inside the uterus, and can also grow 
within the cervix glands, but not inside the connective tissues 
supporting the cervix (T1), and it has not spread to nearby 
lymph nodes (N0) or to distant tissues (M0).

• Stage IA: cancer remains in the endometrium (inner lining of 
the uterus) and may have a growth less than half of the under-
lying muscle layer of the uterus [(myometrium), T1a], N0 and 
M0.

• Stage IB: cancer grew from the endometrium to the myome-
trium and more than half of the myometrium but did not spread 
beyond the body of the uterus (T1b), to the nearby lymph 
nodes (N0) and not to distant tissues (M0).

• Stage II: cancer has spread from the body of the uterus and 
grows in the connective tissue supporting the cervix but has not 
spread out of the uterus (T2), to nearby lymph nodes (N0) and 
not to distant tissues (M0).

• Stage III: cancer has spread out of the uterus, but not to the 
inner lining of the rectum or urinary bladder (T3), to nearby 
lymph nodes (N0) and not to distant tissues (M0).

• Stage IIIA: cancer has spread to the outer surface of the uterus 
(serosa) and/or to the fallopian tubes or ovaries (T3a), has not 
spread to nearby lymph nodes (N0) or distant tissues (M0).

• Stage IIIB: cancer has spread through the vagina or tissues 
around the uterus (parametrium: T3b), has not spread to nearby 
lymph nodes (N0) or distant tissues (M0).

• Stage IIIC1: cancer grows in the body of the uterus. May have 
spread to some nearby tissues, but it is not growing inside the 
bladder or rectum (T1 to T3). It has also spread to the pelvic 
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lymph nodes (N1, N1mi or N1a), but not to the lymph nodes 
around the aorta or distant sites (M0).

• Stage IIIC2: cancer is growing in the body of the uterus. May 
have spread to some nearby tissues, but it is not growing inside 
the bladder or rectum (T1 to T3). It has also spread to the 
lymph nodes around the aorta (N2, N2mi or N2a), but not to 
distant sites (M0).

• Stage IVA: cancer has spread to the inner lining of the rectum 
or urinary bladder (mucous membrane), (T4). It may or may 
not have spread to the nearby lymph nodes (any N), but it has 
not spread to distant sites (M0).

• Stage IVB: cancer has spread to the inguinal lymph nodes 
(groin), upper abdomen, omentum or organs distant from the 
uterus, such as lungs, liver, or bones (M1). Cancer can be of 
any size (T) and may or may not have spread to other lymph 
nodes (any N).

2.2.6  Histopathological and Molecular 
Classification

Endometrial tissue samples are removed by biopsy or by dilation 
and curettage and are observed under a microscope. If cancer is 
found, the pathology laboratory will report the stage and type, and 
grade of endometrial cancer that is classified on a scale of 1–3 
according to the normal state of the endometrium [16].

2.2.6.1  Types of Endometrial Cancer [18, 19]
Endometrioid: It can be called endometrial cancer type 1, account-
ing for 75–80% of cases, and its genetic changes include micro-
satellite instability, mutations of PTEN gene, Kras, and beta 
catenin.

Serous papillary: Accounting for 1–5% of cases, it is known as 
endometrial cancer type 2; the p53 gene mutation is an early event 
and characterizes aggressive tumors. Papillary cell architecture 
with the presence of psammoma bodies in 30% of cases.
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Clear cells: 5 to 10% of cases, this is a type 2 endometrial 
cancer; the p53 gene mutation is an early event, and cells have 
tubulocystic cell architecture, papillary or large solid areas.

Mixed tumors: Those whose serous component corresponds to 
more than 10% and less than 50%, with a controversial prognosis 
and rare histology.

Histological subtypes: Endometrioid adenocarcinoma, clear 
cell carcinoma, serous adenocarcinoma, mixed adenocarcinoma, 
squamous carcinoma, mucinous adenocarcinoma, transitional cell 
carcinoma, small cell adenocarcinoma, and undifferentiated car-
cinoma.

2.3  Colorectum

2.3.1  Introduction and Epidemiology

Colorectal cancer usually begins with polyps that can develop on 
the inner wall of the colon and rectum, which make up the large 
intestine, and can be called precancerous polyps. Colorectal can-
cer can be prevented by removing adenomatous polyps or precan-
cerous adenomas, lesions that are usually and easily found in 
screening colonoscopy in the form of lumps in the colon. About 
10% of polyps are flat and difficult to detect by colonoscopy and 
can progress to a malignant tumor.

Most colon and rectal cancers are called adenocarcinoma, 
which is the tumor of the cells lining the internal tissue of the 
colon and rectum [20].

Colorectal cancer is the third most common incident of all can-
cers, according to IARC.  The change in social lifestyle of the 
world population and the income increase are clear indicators of 
the colorectal cancer incidence. An estimated growth of 60% of 
cases is expected, reaching 2.2 million new cases and 1.1 million 
deaths by 2030 [21].

Colorectal cancer mainly affects older adults, but there is an 
increasing incidence among younger adults. While rates decreased 
3.6% each year in adults aged 55 and over, there was a 2% increase 
each year in those under 55 [1]. When early diagnosed, colorectal 
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cancer has a 54% cure expectation, which may increase in the 
face of higher screening rates and new treatments [20].

2.3.2  Risk Factors

The cause of colorectal cancer is not well known. Most colorectal 
tumors (about 95%) are considered sporadic, which means that 
genetic changes develop by chance and there is no risk of trans-
mitting them to descendants. Lifestyle and health care contribute 
to reducing the risk of developing the disease. However, the fol-
lowing factors may increase an individual risk of developing 
colorectal cancer [20, 22].

• Age between 45 and 85 years
• Male gender
• Family history of colorectal cancer
• Inflammatory intestinal diseases
• Familiar adenomatous polyps
• White or black (African American) or Latin/Hispanic race
• Sedentary lifestyle and obesity
• High-fat diet processed foods and red meats, low-fiber diet
• Smoking

2.3.3  Signs and Symptoms

Many people do not show symptoms until the disease is advanced, 
and the initial signs and symptoms are like numerous diseases of 
the gastrointestinal tract, making early diagnosis difficult. A regu-
lar screening is recommended. The most common signs and 
symptoms of colorectal cancer are [20]:

• Change of intestinal habit
• Diarrhea, constipation, or feeling of non-emptying of the intes-

tine at evacuation
• Presence of blood in the stool or darkened staining
• Change in the feces type

2 Oncological Diseases



22

• Abdominal discomfort, presence of gauze, flatulence, and 
abdominal swelling

• Unexplained weight loss
• Weakness, fatigue, and anemia

2.3.4  Detection

The most effective and safe method of diagnosing colorectal can-
cer is through biopsy, which can be preceded by colonoscopy with 
or without biopsy at the same time, in addition to including 
molecular tests of the collected sample. In the blood test, a sign of 
anemia hemorrhage and the increased level of carcinoembryonic 
antigen (CEA) can be identified, and although this is not a specific 
and exclusive marker of colorectal cancer, high levels of this pro-
tein are identified in 60% of patients with the disease. CT scan 
and MRI can help visualize the tumor size, as well as its location 
[20].

Somatic and germinal mutations that lead to microsatellite 
repair deficiency incompatibility or instability and RAS pathway 
mutations have a personalized approach for diagnosing and treat-
ing colorectal cancer and have an emphasis for the treatment defi-
nition [23].

2.3.5  Staging

The staging system used for colorectal cancer is the AJCC TNM 
system [20].

The T classification describes the primary tumor growth depth 
in the intestine lining [24]:

• TX: Primary tumor cannot be assessed.
• T0: No evidence of primary tumor.
• Tis: Carcinoma in situ, intramucosal carcinoma (involvement 

of lamina propria with no extension through muscularis muco-
sae).
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• T1: Tumor invades submucosa (through the muscularis mucosa 
but not into the muscularis propria).

• T2: Tumor invades muscularis propria.
• T3: Tumor invades through the muscularis propria into the 

pericolorectal tissues.
• T4a: Tumor invades through the visceral peritoneum.
• T4b: Tumor directly invades or adheres to other adjacent 

organs or structures.

Classification N describes the involvement of lymph nodes 
near the colon and rectum and regional lymph nodes [24]:

• NX: Regional lymph nodes cannot be assessed.
• N0: No regional lymph node metastasis.
• N1a: Metastasis in 1 regional lymph node.
• N1b: Metastasis in 2–3 regional lymph nodes.
• N1c: No regional lymph nodes are positive, but there are tumor 

deposits in the subserosa, mesentery, or non-peritonealized 
pericolic or perirectal/mesorectal tissues.

• N2a: Metastasis in 4–6 regional lymph nodes.
• N2b: Metastasis in 7 or more regional lymph nodes.

Classification M describes the presence of distant metastasis 
[24]:

• M0: No distant metastasis by imaging; no evidence of tumor in 
other sites or organs.

• M1a: Metastasis confined to 1 organ or site without peritoneal 
metastasis.

• M1b: Metastasis to 2 or more sites or organs is identified, with-
out peritoneal metastasis.

• M1c: Metastasis to the peritoneal surface is identified alone or 
with other site or organ metastases.

Stage Grouping [24]
• Stage 0: (Tis, N0, M0).
• I: (T1–T2, N0, M0).

2 Oncological Diseases



24

• IIA: (T3, N0, M0).
• IIB: (T4a, N0, M0).
• IIC: (T4b, N0, M0).
• IIIA: (T1–T2, N1/N1c, M0); (T1, N2a, M0).
• IIIB: (T3–T4a, N1/N1c, M0); (T2–T3, N2a, M0); (T1–T2, 

N2b, M0).
• IIIC: (T4a, N2a, M0); (T3–T4a, N2b, M0); (T4b, N1–N2, M0).
• IVA: (Any T, Any N, M1a).
• IVB: (Any T, Any N, M1b).
• IVC: (Any T, Any N, M1c).

2.3.6  Histopathological and Molecular 
Classification

Most colorectal tumors are carcinomas, and more than 90% are 
adenocarcinoma; and a relative minority are hamartoma, endo-
crine, mesenchymal, or lymphoma [25].

2.3.6.1  Histological Classification (OMS, 2010) [26]
• Adenocarcinoma
• Mucinous/colloid carcinoma
• Signet-ring cell carcinoma
• High-grade neuroendocrine carcinoma (small or large cells)
• Squamous carcinoma
• Adenosquamous carcinoma
• Medullary carcinoma
• Undifferentiated carcinoma

The histological grade of differentiation considers the distribu-
tion of diffusely immunostained CEA granules in the cellular 
cytoplasm and with the few polarized, those showing cellular dis-
tribution with the impossibility of differentiating from conven-
tional histology. The College of American Pathologists (CAP) and 
the American Joint Committee on Cancer (AJCC)/Union for 
International Cancer Control (UICC) establish the use of a four- 
level grading system [25]:
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• Grade 1: Well-differentiated (> 95% of granules formation)
• Grade 2: Moderately differentiated (50–95% of granules for-

mation)
• Grade 3: Poorly differentiated (<50% of granules formation)
• Grade 4: Undifferentiated (no granules formation; with no 

squamous or neuroendocrine differentiation)

2.3.6.2  Molecular Classification
Molecular analysis is not part of the pathological staging of 
colorectal cancer; it provides complementary information with 
predictive usefulness of therapeutic response and prognostic eval-
uation. The only factors that are used for clinical decision-making 
today are the status of DNA incompatibility repair proteins 
(MMR) and BRAF and RAS mutations that are prognostic and 
predictive factors of chemotherapy efficacy [25].

2.4  Kidney

2.4.1  Introduction and Epidemiology

Renal cell carcinoma (RCC), also known as renal cell cancer or renal 
cell adenocarcinoma, is a renal malignancy that arises in the renal 
parenchyma/cortex, accounting for about 85% of renal cancers [27].

Approximately 54% of diagnosed kidney tumors are confined 
to the kidney, 20% are locally advanced (affecting regional gan-
glia near the kidney), and 25% already have metastasis, mainly to 
the lungs, liver, and bones.

The American Cancer Society’s most recent estimates for kid-
ney cancer in the United States for 2021 are [28]:

• About 76,080 new cases of kidney cancer (48,780 in men and 
27,300 in women) will be diagnosed.

• About 13,780 people (8790 men and 4990 women) will die 
from this disease.

These numbers include all types of kidney and renal pelvis 
cancers.
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Most people with kidney cancer are older. The average age 
of people when they are diagnosed is 64 with most people being 
diagnosed between ages 65 and 74. Kidney cancer is about 
twice as common in men than in women, and it is more com-
mon in African Americans and American Indian/Alaska Natives 
[28].

2.4.2  Risk Factors [27, 29, 30, 31]

Smoking is the most well-established risk factor for RCC. Other 
factors are known, among them:

• Exposure to toxic chemicals (cadmium, asbestos, lead, and 
aromatic hydrocarbons).

• Renal transplantation and end-stage kidney disease with dialy-
sis.

• Obesity.
• Hypertension.
• Family history of RCC.
• Von Hippel-Lindau syndrome is a genetic and rare disease 

characterized by the formation of tumors with a lot of vascular-
ization in several different parts of the body.

• Pelvic radiation (low risk).
• Obstetric history/exposure to estrogen.
• Gender.
• Race: African Americans have a slightly higher rate of RCC 

than do whites.
• Gene changes (mutations).
• Tuberous sclerosis: Tuberous sclerosis is a disease that causes 

seizures and mental retardation, as well as the formation of 
tumors in many different organs.

2.4.3  Signs and Symptoms [32, 33, 34]

Kidney cancer usually does not have signs or symptoms in its 
early stages. In time, signs and symptoms may develop,  including:
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• Blood in urine
• Pain in the area between the ribs and the hip (on the flank)
• Loss of appetite
• Unexplained weight loss
• Tiredness
• Fever
• Polycythemia due to high levels of erythropoietin
• Hypercalcemia
• A lump in the lower back or side of the waist

2.4.4  Detection

Most renal tumors are diagnosed by imaging tests such as ultra-
sound, computerized tomography, and magnetic resonance imag-
ing of the abdomen/pelvis. Preoperative renal biopsy is usually 
not performed and is only necessary in exceptional situations in 
order to differentiate malignant from benign lesions, which would 
not require treatment [29].

A urine sample is tested to see if it contains blood. Blood tests 
are done to count the number of each different kind of blood cells, 
and also look at different electrolytes [5].

2.4.5  Staging [35]

Kidney cancer is typically given a clinical stage based on the 
results of a physical exam, biopsy, and imaging tests. If surgery is 
done, the pathologic stage is determined by examining tissue 
removed during the operation.

• T1
• T1a: Tumor found only in the kidney and is ≤ 4 cm.
• T1b: Tumor found only in the kidney and is > 4 e ≤ 7.

• T2
• T2a: Tumor only in the kidney and is > 7 and ≤ 10 cm.
• T2b: Tumor only in the kidney and is >10 cm.
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• T3
• T3a: Tumor extends into the renal vein, or its segments, either 

invades the pyelocaliceal system, or invades perirenal fat or 
renal sinus fat, but does not exceed the Gerota fascia.

• T3b: Tumor extends to inferior vena cava below diaphragm.
• T3c: Tumor extends into the vena cava above the diaphragm or 

invades the vena cava wall.

• T4: Tumor surpasses the Gerota fascia including ipsilateral 
adrenal gland.

• NX: Regional lymph nodes cannot be assessed.
• N0: No metastasis in regional lymph nodes.
• N1: Regional lymph node involvement.
• M0: No distant metastasis.
• M1: Distant metastasis.

Stage Grouping
• Stage I: (T1, N0, M0).
• Stage II: (T2, N0, M0).
• Stage III: (T1 or T2, N1, M0) or (T3, any N, M0).
• Stage IV: (T4, any N, M0) or (any T, any N, M1).

Recurrent Recurrent cancer is cancer that has come back after 
treatment. It may be found in the kidney area or in another part of 
the body. If the cancer does return, there will be another round of 
tests to learn about the recurrence extent. These tests and scans are 
often similar to those done at the time of the original diagnosis.

2.4.6  Histopathological and Molecular 
Classification

2.4.6.1  Histopathological Classification
There are over a dozen subtypes of renal cell carcinoma. The most 
common types are [36]:

• Clear cell renal cell carcinoma: About 70% of kidney cancers 
are made up of clear cells. Clear cells range from slow growing 
(grade 1) to fast growing (grade 4).
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• Papillary: Papillary kidney cancer is found in 10–15% of 
patients. It is divided into 2 different subtypes, called type 1 
and type 2.

• Chromophobe: Chromophobe is another uncommon cancer 
that may form indolent tumors that are unlikely to spread but 
are aggressive if they do.

• Clear cell papillary: Approximately 2–4% of all cases. A new 
subtype with features of both papillary and clear subtypes. 
These are often less aggressive.

• Collecting duct RCC: Approximately 1% of all cases. Aggres-
sive type arising from the collecting system that forms irregu-
lar tubules.

• Medullary carcinoma: Approximately 1% of cases. An 
extremely aggressive type often occurring in young African 
Americans with sickle trait.

• Unclassified: Approximately 2–3% of tumors that do not fit 
into any other category.

2.4.6.2  Other Types of Kidney Cancers [37]
Urothelial carcinoma: This is also called transitional cell carci-
noma. It accounts for 5–10% of kidney cancers diagnosed in 
adults. Urothelial carcinoma begins in the area of the kidney 
where urine collects before moving to the bladder, called the renal 
pelvis.

Sarcoma: Sarcoma of the kidney is rare. This type of cancer 
develops in the soft tissue of the kidney; the thin layer of 
 connective tissue surrounding the kidney, called the capsule; or 
surrounding fat.

Wilms tumor (nephroblastoma): Wilms tumor is most common 
in children and is treated differently from kidney cancer in adults. 
Wilms tumors make up about 1% of kidney cancers.

Lymphoma: Lymphoma can enlarge both kidneys and is asso-
ciated with enlarged lymph nodes, called lymphadenopathy, in 
other parts of the body, including the neck, chest, and abdominal 
cavity. In rare cases, kidney lymphoma can appear as a lone tumor 
mass in the kidney and may include enlarged regional lymph 
nodes.
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2.4.6.3  Molecular Classification [38]
The initial genetic event in most clear cell renal carcinomas is 
inactivation of the VHL tumor suppressor gene. Subsequent coop-
erating genetic events include gain of chromosome 5q, loss of 
chromosome 14q, and intragenic mutations affecting various 
chromatin modifiers, such as PBRM1 and BAP1, and genes linked 
to the mTOR pathway.

2.5  Liver

2.5.1  Introduction and Epidemiology

The liver is the largest human internal organ, responsible for sev-
eral essential functions to the body such as processing, convert-
ing, and storing nutrients absorbed in the intestine; bile production; 
toxins removal from the body; maintaining adequate blood glu-
cose levels, among others. Primary liver cancer refers to the tumor 
with origin in this organ, although the most common is that pri-
mary tumors of other organs, such as pancreas, colon, stomach, 
and breast, spread to the liver (metastasis) [39].

Hepatocarcinoma is the most frequent and aggressive type, 
representing the fourth leading cause of cancer-related deaths in 
the world [40, 41]. Cholangiocarcinoma develops from bile duct 
cells, and represents about 10–20% of primary liver cancers in 
adults; and angiosarcoma, less frequent, grows rapidly from blood 
vessels in the liver [39].

According to the IARC publication, 905,677 new cases of liver 
cancer were estimated worldwide for 2020, equivalent to 5.0% of 
all cancers and 830,180 deaths corresponding to 8.4% of deaths of 
all cancers [42]. In the United States, liver cancer is the fifth lead-
ing cause of cancer-related deaths in men and the seventh among 
women, with a 5-year disease-free survival rate of 18% [39]. The 
incidence, however, varies according to geographic region with 
about 5% of cases in Latin America, 5% in North America, 8% in 
Africa, 10% in Europe, and 72% in Asia [43].
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In this chapter we will address primary liver tumors with 
emphasis on hepatocellular carcinoma (HCC), the most common 
type.

2.5.2  Risk Factors

Several factors can increase the risk of liver cancer, such as 
[39, 41]:

• Chronic viral hepatitis
• Cirrhosis
• Non-alcoholic fatty liver disease
• Exposure to aflatoxins (dietary toxins)
• Primary biliary cirrhosis
• Gender
• Race/ethnicity
• Tobacco use
• Obesity
• Type 2 diabetes
• Certain rare diseases (such as tyrosinemia, alpha1-antitrypsin 

deficiency, porphyria cutanea tarda, glycogen storage diseases, 
Wilson disease)

The risk of developing hepatocarcinoma increases as one or 
more risk factors are associated; these factors are cumulative [39].

2.5.3  Signs and Symptoms

Signs and symptoms include but are not limited to [39, 41]:

• Abdominal pain
• Unexplained weight loss
• Loss of appetite
• Nausea or vomiting
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• Feeling very full after a small meal
• Liver and spleen enlarged
• Swelling or fluid build-up in the abdomen
• Jaundice (yellowing of the skin and eyes)

Some of these symptoms may be caused by cirrhosis and not 
necessarily by the tumor. Among them we can mention the fluid 
accumulation and swelling of the abdomen (requiring the use of 
diuretics), hepatic encephalopathy, and bleeding from the esopha-
gus or stomach [39].

2.5.4  Detection

In the early stages, HCC often shows no symptoms, which hin-
ders early detection and results in diagnosis already in more 
advanced stages of the disease. For individuals at high risk of 
developing liver cancer, for example, those with cirrhosis and 
severe liver dysfunction, consider monitoring every 6  months 
with surveillance tests, but above all the appropriate selection of 
which individuals should be monitored to avoid overdiagnosis of 
HCC [41, 44].

Currently, the HCC diagnosis can be established by imaging 
and/or pathological tests. In symptomatic patients the physical 
examination of the abdomen allows the doctor to check for 
 swelling or changes in the liver, spleen, and other nearby organs, 
accumulation of fluid in the abdomen, and signs of jaundice, 
such as yellowish skin and eyes. Blood tests are added to the 
physical examination to assess liver function, which include 
alpha- fetoprotein (AFP), blood count, liver function test, and 
hepatitis B and C serologies. And imaging, CT scans with con-
trast or magnetic resonance imaging adapted to assess liver injury 
[39, 41, 44].

A biopsy of the lesion may not be necessary when it demon-
strates specific characteristics, through imaging, CT, or MRI, and 
by AFP examination strongly indicating HCC.  In these cases, 
most surgeons opt for biopsy as part of surgery if the liver or a 
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piece is removed, and not as an isolated procedure [41]. For nod-
ules with an inconclusive pattern through imaging or those pres-
ent in patients without cirrhosis, the diagnosis should be based on 
biopsy [44].

In patients with cirrhosis and who have lesions smaller than 
1 cm, active watch and wait surveillance is recommended, with 
ultrasound imaging every 3 or 4  months. If the lesion remains 
stable for 12 months, conventional surveillance may be resumed 
every 6 months [44].

2.5.5  Staging

There are some proposed systems for the staging of liver cancer, 
but all have limitations. Ideally, staging systems should quantify 
tumor load, extent of liver dysfunction, and performance status to 
adequately estimate survival. It is essential to distinguish patients 
with well-preserved liver function from those with more advanced 
liver disease [44]. Among the systems adopted for HCC staging 
are the TNM system (AJCC), The Barcelona Clinic Liver Cancer 
(BCLC) System, The Cancer of the Liver Italian Program (CLIP) 
System, The Okuda System, The Hong Kong Liver Cancer (HKLC) 
Staging System, the MELD (Model for End-Stage Liver Disease) 
score, and the Model to Estimate Survival in Ambulatory HCC 
Patients (MESIAH) score [41, 44, 45, 46].

Currently the BCLC system is the most widely used, and 
despite its limitations, it shows robust prospective validation, 
classifies the disease in five stages, and estimates the median sur-
vival and the type of treatment for each stage. It comprises the 
Child-Pugh and TNM classifications with the performance status. 
Therefore, we detail below the BCLC and TNM systems, the only 
one validated in independent cohorts of patients undergoing liver 
resection or transplantation [41, 44].

BCLC System (Adapted from Augusto Villanueva, 
Hepatocellular Carcinoma) [44]
• Stage 0 (very early stage): Single tumor of less than 2 cm.
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• Stage A (early stage): Single tumor or 2 to 3 nodules ≤3 cm.
• Stage B (intermediate stage): Multinodular, no metastasis.
• Stage C (advanced stage): Portal invasion or metastasis.
• Stage D (terminal stage): Non-transplantable HCC.

TNM System AJCC 8th edition (2018) [45]
• StageIA: T1a, N0 and M0.
• Stage IB: T1b, N0 and M0.
• Stage II: T2, N0 and M0.
• Stage IIIA: T3, N0 and M0.
• Stage IIIB: T4, N0 and M0.
• Stage IVA: any T, N1 and M0.
• Stage IVB: any T, any N and M1.

Primary Tumor Classification (T)
• TX: Primary tumor cannot be assessed.
• T0: No evidence of primary tumor.
• T1a: Solitary tumor ≤2 cm.
• T1b: Solitary tumor >2 cm without vascular invasion.
• T2: Solitary tumor >2 cm with vascular invasion, or multiple 

tumors, none >5 cm.
• T3: Multiple tumors, at least one of which is >5 cm.
• T4: Single tumor or multiple tumors of any size involving a 

major branch of the portal vein or hepatic vein or tumor(s) with 
direct invasion of adjacent organs other than the gallbladder or 
with perforation of visceral peritoneum.

Regional Lymph Nodes (N)
• NX: Regional lymph nodes cannot be assessed.
• N0: No regional lymph node metastasis.
• N1: Regional lymph node metastasis.

Distant Metastasis (M)
• M0: No distant metastasis.
• M1: Distant metastasis.
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2.5.6  Histopathological and Molecular 
Classification

The HCC development process is complex and arises from mul-
tiple genetic and epigenetic changes that culminate in the forma-
tion of dysplastic nodules, which are genuine preneoplastic 
lesions. These changes may be favored by sustained liver inflam-
mation, fibrosis, and aberrant regeneration of hepatocytes, which 
are common conditions in patients with chronic liver diseases. 
Primary liver tumors can be classified, from the type of cell from 
which they develop, into four main types: hepatocellular carci-
noma, cholangiocarcinoma, angiosarcoma, and hepatoblastoma 
(it is a rare type, more common in early-life children) [39, 44, 47].

2.5.6.1  Molecular Classification
From resected specimens of patients in the early stages of the dis-
ease, different molecular subtypes of HCC related to clinical char-
acteristics have been identified. However, molecular pathogenesis 
is not well understood, although much is known about the changes 
of the etiological agents responsible for most cases (such as exces-
sive alcohol consumption and viral infections by hepatitis B and 
C) and the cellular changes that lead to HCC. Their use in clinical 
practice is limited because they have not been completely tested 
as predictive factors of response to systemic therapy [44, 47].

These molecular subtypes can be divided into two main 
classes: the proliferation class, common in patients with HBV 
infection, and the nonproliferation class, tumors with more muta-
tions in CTNNB1 (beta-catenin) and gene expression patterns 
similar to normal hepatocytes. The proliferation class has a more 
aggressive behavior, with clinical and histological characteristics 
that include HBV infection, high serum levels of alpha- fetoprotein, 
poor cell differentiation, chromosomal instability, TP53 muta-
tions, activation of oncogenic pathways, and worse clinical out-
come. And the non-proliferation class, on the other hand, shows 
as clinical and histological characteristics better clinical outcome, 
low tumor grade, lower frequency of vascular invasion, com-
monly associated with hepatitis C and alcohol abuse [44].
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2.6  Lung

2.6.1  Introduction and Epidemiology

Lung cancer is the third most common cancer in the world and has 
the highest mortality among all types of cancer (25% of cancer 
deaths). The mean age at diagnosis is 70 years with good progno-
sis for cases diagnosed at an early stage [48].

The disease may start in the bronchi, bronchioles, or alveolus 
and spread to another pulmonary lobe, lymph nodes, other lung, 
and other parts of the body such as liver, bones, and central ner-
vous system [49].

It is classified according to its cell type in small cell and non- 
small cell lung cancer; the latter corresponds to about 85% of lung 
cancer cases and is usually diagnosed in more advanced stages of 
the disease and survival is low [49].

2.6.2  Risk Factors [50, 51]

• Smoking is the most important risk factor; this is impacting 
even if the individual has abandoned the habit. It depends on 
the exposure intensity and includes individuals who are pas-
sively exposed in the risk group.

• Chemical agents and occupational exposure: asbestos, arsenic, 
chromium, beryllium, nickel, soot, coal, radiation, and pollu-
tion. The individual who has combined the exposure to one of 
these risk factors and smoking has a higher risk of developing 
lung cancer.

• Age.
• Family history of the disease.

2.6.3  Signs and Symptoms

Less than 5% of patients are symptomatic at diagnosis:

• Dyspnea
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• Persistent and/or bloody cough
• Repeated pneumonias
• Chest pain
• Hoarseness
• Fatigue
• Unexplained loss of appetite and weight

If cancer has spread, symptoms vary from bone pain, changes 
in the central nervous system, jaundice to swelling of the lymph 
nodes [52]. Some lung cancers may cause a group of specific 
symptoms described as syndromes [53]:

• Horner syndrome (or Pancoast tumors): Fall of an eyelid, con-
striction of the pupil and decreased sweating of the affected 
side of the face, severe pain in the shoulder.

• Superior vena cava syndrome: Can cause swelling in the face, 
neck, arms, and upper chest, as well as headache, dizziness, 
and altered consciousness if it affects the brain. This is a condi-
tion that develops slowly, but in some cases can be life- 
threatening.

• Paraneoplastic syndromes: Characterized by inappropriate 
antidiuretic hormone secretion syndrome, Cushing’s syn-
drome, changes in the nervous system (Lambert-Eaton syn-
drome), paraneoplastic cerebellar degeneration, hypercalcemia, 
and blood clots.

2.6.4  Detection

Combines medical history and physical examination, and if there 
is a suspicion, it will be necessary to follow with imaging tests 
and/or lung biopsy [53, 54]:

• Imaging tests to look for lung cancer: Chest x-ray, computer-
ized tomography (CT) scan, magnetic resonance imaging 
(MRI) scan, positron emission tomography (PET) scan, bone 
scan
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• Tests to diagnose lung cancer: Sputum cytology, thoracentesis, 
needle biopsy (fine needle aspiration (FNA) biopsy, core 
biopsy, transthoracic needle biopsy), and bronchoscopy

• Tests to find lung cancer spread in the chest: Endobronchial 
ultrasound, endoscopic esophageal ultrasound, mediastinos-
copy and mediastinotomy, thoracoscopy

• Lab tests of biopsy and other samples: Molecular tests for gene 
changes (EGFR, ALK, ROS1, RET, BRAF, MET) and PD-L1 
protein

• Tests to determine a person’s overall health to have a surgery: 
Lung function tests, blood tests (complete blood count); blood 
chemistry tests (liver and kidneys function, calcium and alka-
line phosphatase)

2.6.5  Staging

Small cell cancer: The staging currently used is based on the 8th 
Edition of AJCC 2017 that classifies it through the limited versus 
extensive dissemination stage. The stage through the TNM sys-
tem is not important for this type of cancer [53].

Limited stage: The tumor is present in only one lung and may 
also be present in supraclavicular lymph nodes that are on the 
same side of the affected lung.

Extensive stage: The tumor spread in the same lung or lymph 
nodes, to another lung or to other organs including bone marrow.

Non-small cells cancer: Clinical stage based on TNM classifi-
cation regarding the results of a physical exam, biopsy, imaging 
tests, and pathologic stage if surgery has been done [53].

TNM system consists of informing the size and extent of the 
main tumor (T); propagation to nearby lymph nodes (N); metasta-
sis to distant sites (M): brain, bones, adrenal glands, liver, or 
another lung.

Classification follows the guidelines of the AJCC (January 
2018):

• TX N0 M0: Occult cancer
• Stage 0: Tis N0 M0.
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• Stage IA1: T1mi N0 M0; T1a N0 M0.
• Stage IA2: T1b N0 M0.
• Stage IA3: T1c N0 M0.
• Stage IB: T2a N0 M0.
• StageIIA: T2b N0 M0.
• Stage IIB: T1a / T1b /T1c N1 M0; T2a / T2b N1 M0; T3 N0 M0.
• Stage IIIA: T1a / T1b /T1c N2 M0; T2a / T2b N2 M0; 

T3 N1 M0; T4 N0 or N1 M0.
• Stage III B: T1a/T1b/T1c N3 M0; T2a/T2b N3 M0; T3 N2 M0; 

T4 N2 M0.
• Stage IIIC: T3 N3 M0; T4 N3 M0.
• Stage IVA: AnyT, AnyN, M1a; AnyT, AnyN, M1b.
• Stage IVB: AnyT, AnyN, M1c.

Classification T
• T1mi: T ≤ 3 cm across, invaded ≤ 0,5 cm (minimally invasive 

adenocarcinoma).
• T1a: T ≤  1  cm; T1b: T  >  1  cm and    2  cm; T1c: T  > 2  cm 

and ≤ 3 cm. It has not reached the membranes that surround 
the lungs, and it does not affect the main branches of the bron-
chi.

• T2a: T > 3 cm and ≤ 4 cm; T2b: T > 4 cm and ≤ 5 cm, and/or 
it has grown into a main bronchus or the visceral pleura, and/
or is partially clogging the airways.

• T3: T > 5 cm and ≤ 7 cm, and/or it has grown into the chest 
wall, parietal pleura, the phrenic nerve, or parietal pericardium, 
and/or there are 2 or more separate tumor nodules in the same 
lobe of a lung.

• T4: T > 7 cm, and/or it has grown into the mediastinum, heart, 
aorta, trachea, esophagus, diaphragm, backbone, or the carina; 
and/or there are 2 or more separate tumor nodules in different 
lobes of the same lung.

Classification N
• N0: Cancer is not spread to nearby lymph nodes.
• N1: It has spread to lymph nodes within the lung and/or the 

hilar lymph nodes; these are on the same side as the cancer.
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• N2: It has spread to lymph nodes around the carina, or in the 
mediastinum, and these are on the same side as the main lung 
tumor.

• N3: It has spread to lymph nodes near the collarbone on either 
side of the body, and/or has spread to hilar or mediastinal 
lymph nodes on the other side of the body from the main tumor.

Classification M
• M0: It has not spread to distant parts of the body.
• M1a: It has spread to the other lung or malignant pleural effu-

sion, or malignant pericardial effusion is present.
• M1b: It has spread as a single tumor outside of the chest, such 

as to a distant lymph node or an organ such as the liver, bones, 
or brain.

• M1c: It has spread as more than one tumor outside the chest, 
such as to distant lymph nodes and/or to other organs such as 
the liver, bones, or brain.

Note:
• T0: There is no evidence of a primary tumor.
• NX: Nearby lymph nodes cannot be assessed due to lack of 

information.

2.6.6  Histopathological and Molecular 
Classification

2.6.6.1  Histopathological Classification
Non-small cells carcinoma: There are three types of non-small 
cell lung cancer: adenocarcinomas, squamous cell carcinoma, and 
large-cell carcinomas [7].

Adenocarcinoma develops on the outside of the lung, has slow 
growth, and prognosis is better when diagnosed in situ. Squamous 
cell carcinoma tends to grow in the central part of the lung near 
the bronchi. And large-cell carcinoma (undifferentiated) grows 
faster, and one of its subtypes, neuroendocrine, is similar to that of 
small cells [53].
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Oat cell cancer: It has a rapid growth profile, is considered 
aggressive and often associated with paraneoplastic syndromes. If 
cancer is limited, there is a greater potential for cure. Metastasis 
can occur to the lymph nodes of the mediastinum, liver, bones, 
adrenals, and brain. Approximately 60–70% of patients have dis-
seminated disease at diagnosis [53].

2.6.6.2  Molecular Classification
Numerous genetic changes are found in lung cancer that impact 
the treatment choice, such as target therapies. Therefore, a pre-
dictive immunohistochemical analysis is necessary, which dif-
fers from the analysis used to identify the tumor type and cell 
line [53].

Useful analyses for lung cancer are the mutations found in the 
following genes: EGFR, ALK, ROS 1, BRAF, KRAS, MET, RET, 
and PD-L1 protein. Liquid biopsy is an alternative method in col-
lecting material to avoid the risks of conventional needle biopsy 
[54, 55].

2.7  Melanoma

2.7.1  Introduction and Epidemiology

Melanoma is one of the most severe types of skin cancer. The 
skin is the largest organ in our body and consists of three main 
layers: epidermis, dermis, and hypodermis. In the deepest layer 
of the dermis are melanocytes, which produce the pigment that 
maintains the color of the skin. Melanoma begins when healthy 
melanocytes undergo transformation and multiply disorderly 
forming a malignant tumor. The disease can develop from a nor-
mal stain, from the change in shape, size, color, and with unde-
fined edges [56].

The incidence of melanoma has increased considerably in the 
last 30 years [57]. The rate of new cases was 22.8 per 100,000 
inhabitants per year, and the mortality rate was 2.3 per 100,000 
inhabitants per year; these rates have been adjusted for age and 
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are based on the incidence of cases and deaths from 2014 to 2018 
[58]. Melanoma is the fifth most common cancer in men and the 
sixth in women; 20 times more common in whites than in blacks. 
In the United States, in 2020, more than 100,000 cases of mela-
noma were estimated [56].

The mean age of melanoma diagnosis is for individuals over 
50 years of age. The 5-year survival rate is 92% after detection, 
which depends on the primary melanoma depth, possible 
lymph node involvement, and the spread of melanoma to dis-
tant sites [56].

2.7.2  Risk Factors

Risk factors for melanoma may be extrinsic and intrinsic [56, 57, 
58]:

Extrinsic
• Sun exposure
• Artificial tanning
• Immunosuppression
• Various environmental exposures

Intrinsic
• Pigmentary characteristics (spots)
• Family history
• Fair skin, blond or red hair, blue eyes, and freckles
• Race or ethnic origins
• Age

2.7.3  Signs and Symptoms

Although melanoma can occur in any part of the body, in women, 
it occurs most commonly in the extremities and, in men, in the 
torso or head and neck [59]. The first sign of melanoma is a 
change in the size, shape, or color of an existing stain, and also the 
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presence of itching, bleeding, or ulcerations [56, 58]. The stain 
can become irregular and hard and is usually painless [56].

2.7.4  Detection

Melanoma diagnosis occurs basically through the lesion biopsy 
for pathological examination, histological examination, and 
microstaging according to the five levels described by Clark and 
by tumor thickening in millimeters, according to Breslow’s clas-
sification. The lesion should never be scraped or cauterized [59]. 
Based on the results of the physical evaluation, family history, and 
pathological report, additional tests such as ultrasound, computer-
ized tomography, magnetic resonance imaging, or positron emis-
sion tomography may also be included, according to the patient 
clinical status and the severity of the disease [56].

When the lesion is larger than 1 mm thick or ulcerated, it is 
recommended to research lymph node [56].

2.7.5  Staging

Clinical staging of neoplasms is based on the tumor spreading to 
regional lymph nodes or distant sites. For the disease that is clini-
cally at the primary site, the chance of lymph node involvement or 
the presence of systemic metastases increases as the thickness and 
depth of local invasion increase, with a worse prognosis. The 
microstage of malignant melanoma is determined on histological 
examination by the vertical thickness of the lesion in millimeters 
(Breslow) and/or by the anatomical level of local invasion (Clark) 
[56].

Melanoma staging is based on clinical and pathological crite-
ria, closely corresponding to the classification by the traditional 
TNM system, developed by the AJCC.
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Classification T [60]
• TX: Primary tumor cannot be assessed (e.g., curettage or 

severely regressed melanoma).
• T0: No evidence of primary tumor.
• Tis: Melanoma in situ.
• T1a: Thickness ≤ 1.0 mm, Breslow <0.8 mm without ulcer-

ation.
• T1b: Thickness ≤ 1.0 mm, Breslow 0.8–1.0 mm with or with-

out ulceration or ≤ 0.8 mm with ulceration.
• T2a: Thickness > 1.0–2.0 mm, without ulceration.
• T2b: Thickness > 1.0–2.0 mm, with ulceration.
• T3a: Thickness > 2.0–4.0 mm, without ulceration.
• T3b: Thickness > 2.0–4.0 mm, with ulceration.
• T4a: Thickness > 4.0 mm, without ulceration.
• T4b: Thickness > 4.0 mm, with ulceration.

Classification N [60]
• NX: Patients in whom the regional nodes cannot be assessed 

(e.g., previously removed for another reason).
• N0: No regional metastases detected.
• N1a: 0–1 node, clinically occult, no MSI (any satellite, locally 

recurrent, or in transit lesions).
• N1b: 0–1 node, clinically detected, no MSI.
• N1c: 0–1 node, 0 nodes, MSI present.
• N2a: 1–3 nodes, 2–3 nodes clinically occult, no MSI.
• N2b: 1–3 nodes, 2–3 nodes clinically detected, no MSI.
• N2c: 1–3 nodes, 1 node clinical or occult, MSI present.
• N3a: >1 node, >3 nodes, all clinically occult, no MSI.
• N3b: >1 node, >3 nodes, ≥1 clinically detected or matted, no 

MSI.
• N3c: >1 node, >1 node clinical or occult, MSI present.

Classification M [60]
• MO: No evidence of distant metastasis.
• M1a: Distant metastasis to skin, soft tissue including muscles, 

and/or nonregional lymph node.
• M1b: Distant metastasis to lung with or without M1a sites of 

 disease.
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• M1c: Distant metastasis to non-CNS visceral sites with or 
without M1a or M1b sites of disease.

• M1d: Distant metastasis to CNS with or without M1a, M1b, or 
M1c sites of disease.

Clinical Staging [60]
• Stage 0: (Tis, N0, M0).
• IA: (T1a, No, M0).
• IB: (T1b, No, M0); (T2a, N0, M0).
• IIA: (T2b, N0, M0); (T3a, N0, M0).
• IIB: (T3b, N0, M0); (T4a, N0, M0).
• IIC: (T4b, N0, M0).
• III: (Any T, N ≥ 1, M0).
• IV: (Any T, Any N, M1).

Pathologic Staging [60]
• Stage 0: (Tis, N0, M0).
• IA: (T1a, N0, M0); (T1b, N0, M0).
• IB: (T2a, N0, M0).
• IIA: (T2b, N0, M0); (T3a, N0, M0).
• IIB: (T3b, N0, M0); (T4a, N0, M0).
• IIC: (T4b, N0, M0).
• IIIA: (T1-T2a, N1a, M0); (T1-T2a, N2a, M0).
• IIIB: (T0, N1b-N1c, M0); (T1-T2a, N1b-N1c, M0); (T1-T2a, 

N2b, M0); (T2b-T3a, N1a-N2b, M0).
• IIIC: (T0, N2b-N2c, M0); (T0, N3b-N3c, M0); (T1a-T3a, 

N2c- N3c, M0); (T3b-T4a, Any N, M0); (T4b, N1a-N2c, M0).
• IIID: (T4b, N31-N3c, M0).
• IV: (Any T, Any N, M1).

2.7.6  Histopathological and Molecular 
Classification

Melanoma cells are generally classified according to histological 
types, and approximately, 70% of confirmed melanomas are of 
superficial dissemination subtype, which is the most common 
type, and corresponds to stage 0 melanoma [61].
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2.7.6.1  Melanoma Subtypes [60]
Superficial spreading: Arises from existing nevus.

Nodular: Absence of a radial growth phase, variable presenta-
tion, and robust vertical invasion.

Lentigo maligna: Typically demonstrates slow progression, 
and frequently appears in sun-exposed areas (i.e., face, head, etc.).

Acral lentiginous: Has higher incidence in patients with darker 
skin pigmentation and frequently occurs on the palms, soles, and 
subungual spaces.

Amelanotic: Characteristic absence of pigmentation and are 
considered rare.

Desmoplastic: Rare melanoma seen in older adults that is char-
acterized by scant spindle cells and minimal cellular atypia.

2.7.6.2  Molecular Subtypes [56]
Melanoma can also be classified into molecular subtypes that are 
classified based on different genetic changes or mutations of mel-
anoma cells. These genetic changes include [60]:

• BRAF mutations: About 50% of cutaneous melanomas.
• NRAS mutations: Around 20% of people with melanoma.
• NF-1 mutations: Around 10–15% of people with melanoma.
• KIT mutations: Occurs more commonly in melanomas that 

develop from mucus membranes, melanomas on the hands or 
feet, or melanomas that occur in chronically sun-damaged 
skin, such as lentigo maligna melanoma.

2.8  Prostate Cancer

2.8.1  Introduction and Epidemiology

Prostate is a small gland, whose main function is the production 
of semen, a liquid that assists in the protection and transport of 
spermatozoa. This is located below the bladder, in front of the 
rectum, and behind the penis base, and urethra passes between it. 
According to age, prostate size changes and has approximately 
the size of a walnut in the younger ones and an increased size in 
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the older ones. Prostate enlargement in older men may be associ-
ated with a condition known as benign prostatic hypertrophy 
(BPH), which can cause urethra blockage; however this condition 
does not increase the risk of developing prostate cancer [62, 63].

Prostate tumor may be benign or malignant. The vast majority 
of prostate cancers are adenocarcinoma type, which develops 
from the glandular cells of the prostate, and there are the rarest 
types like small cell carcinomas, neuroendocrine tumors (other 
than small cell carcinomas), transitional cell carcinomas, and sar-
comas [63].

Globally, prostate cancer represents the second most common 
type of cancer among men. According to the IARC publication, 
1,414,259 new cases of prostate cancer were estimated worldwide 
for 2020, equivalent to 7.8% of all estimated cancers, and 375,304 
deaths corresponding to 3.8% of deaths from all cancers [64]. For 
2021, the number of new cases estimated by the American Cancer 
Society in the USA is approximately 248,530 and a total of 34,130 
deaths [65]. About 60% of cases are diagnosed in men aged 
65 years and over [62].

2.8.2  Risk Factors

Several factors may affect a man’s risk of getting prostate cancer, 
such as [ 62, 63, 66]:

• Age: Rare in men younger than 40, more common in men 
older than 65.

• Endogenous hormone balance.
• Race/ethnicity: More often in African American men and in 

Caribbean men of African ancestry than in men of other races.
• Geography: North America, northwestern Europe, Australia, 

and on Caribbean islands the prostate cancer is most common.
• Family history: Prostate cancer develops because of a combi-

nation of shared genes and shared environmental or lifestyle 
factors. Having a father or brother with prostate cancer more 
than doubles a man’s risk of developing this disease.

• Gene change.
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And some factors with less clear effects on prostate cancer 
risk, such as [63]:

• Eating habits/diet
• Obesity
• Smoking
• Chemical exposures
• Inflammation of the prostate

2.8.3  Signs and Symptoms

Signs and symptoms include but are not limited to [62, 63]:

• Urine: Trouble urinating, frequent urination, weak or inter-
rupted urine flow, the urge to urinate frequently at night

• Blood in the urine
• Weakness or numbness in the legs or feet, or even loss of blad-

der or bowel control from cancer pressing on the spinal cord
• Erectile dysfunction
• Discomfort or pain when sitting, caused by an enlarged  prostate

Some of these symptoms are not only caused by prostate can-
cer, but they may also, for example, be related to other conditions 
such as urinary tract infections and benign prostatic hyperplasia 
[62, 63].

2.8.4  Detection

Often, a tumor in the prostate grows slowly, does not spread rap-
idly through other parts of the body, and does not cause symptoms 
for years. For this reason, men with prostate cancer can live with 
good quality of life for a long time [63]. In patients with suspected 
prostate cancer, initial tests include total prostate-specific antigen 
(serum PSA) level (a protein released by prostate tissues), rectal 
examination (DRE), and biomarkers. Most healthy men have 
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blood PSA levels below 4 ng/L of blood; however this does not 
guarantee that a man does not have prostate cancer. Blood PSA 
levels between 4 and 10 ng/L (borderline range) increase the risk 
by 25%, and if the PSA is above 10 ng/L, the chance of having 
prostate cancer is greater than 50%. There are controversies for 
screening prostate cancer through PSA dosage in patients without 
signs and symptoms of the disease. This screening can detect 
tumors in early stages, very slow growth and without risk of life, 
but results in unnecessary treatments that can cause side effects 
and affect the patient’s quality of life. Therefore, the American 
Cancer Society (ASCO) and the American Urological Association 
recommend that individuals, before starting a screening with the 
PSA test, should evaluate with the physician the risks and benefits 
[62, 63].

Another test option includes the free PSA dosage, found in the 
bloodstream, and not bound to proteins, which measures the free 
PSA rate compared to total PSA [62, 63].

Rectal examination is not exactly accurate, but allows evaluat-
ing possible changes in gland size, since prostate cancer usually 
begins at the back of the gland and can be felt during a rectal 
examination [62, 63].

Other laboratory tests include complete blood count, renal 
function (urea, creatinine), liver function (bilirubin, coagulogram, 
albumin, AST, and ALT), renal function, alkaline phosphatase, 
and testosterone [67].

Biomarker tests for prostate cancer include the Prostate Health 
Index (PHI) and the 4 K score. In general, these two tests combine 
results from different types of PSA to get an overall score of a 
man’s chance of having prostate cancer [62, 63]. For abnormal 
results of PSA and DRE tests, imaging scans such as prostate 
magnetic resonance imaging (MRI) scan and transrectal ultra-
sound (TRUS) are generally requested, and, according to the 
results, a biopsy is made for a definitive diagnosis [62]. For indi-
viduals with advanced prostate cancer, ASCO recommends per-
forming one or more imaging tests between full-body bone 
tomography, CT scan, magnetic resonance imaging (MRI), and 
positron emission tomography (PET) or PET-CT scan [62].
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2.8.5  Staging

The TNM system developed by AJCC (2018) evaluates the clini-
cal and pathological prognostic stage from histological examina-
tion of the surgical resection sample [62]. The TNM System 
classifies prostate cancer into 4 stages (I, II, III, and IV) that com-
bine TNM grouping at PSA levels and risk groups (according to 
Gleason Score) [68]. Gleason Score is based on the characteristics 
of the cells found in the biopsy, how much they look healthy or 
not when analyzed under a microscope, and is closely related to 
their clinical behavior [62].

Clinical staging (cT) is done from physical examinations, such 
as rectal examination (DRE); laboratory tests, such as PSA serum 
dosage and Gleason Score. From these results it is possible to 
identify whether imaging tests, such as x-rays, bone scans, CT 
scans, or MRI, may be required. And the pathological staging 
(pT) is done from the pathological analysis of prostate tissue, 
removed during surgery, and some lymph nodes usually included 
in the surgery [62, 63, 68].

2.8.5.1  TNM Classification [62, 63, 68]
Primary Tumor Classification (T): Clinical T (cT)
• TX: Primary tumor cannot be assessed.
• T0: No evidence of primary tumor.
• T1: Clinically inapparent tumor that is not palpable; T1a: 

Tumor incidental histologic finding in 5% or less of tissue 
resected; T1b: Tumor incidental histologic finding in more 
than 5% of tissue resected; T1c: Tumor identified by needle 
biopsy found in one or both sides, but not palpable.

• T2: Tumor is palpable and confined within the prostate; T2a: 
Tumor involves one-half of one side or less; T2b: Tumor 
involves more than one-half of one side but not both sides; 
T2c: Tumor involves both sides.

• T3: Extra prostatic tumor that is not fixed or does not invade 
adjacent structures; T3a: Extra prostatic extension (unilateral 
or bilateral); T3b: Tumor invades seminal vesicle(s).

M. I. R. Gato et al.



51

• T4: Tumor is fixed or invades adjacent structures other than 
seminal vesicles such as external sphincter, rectum, bladder, 
levator muscles, and/or pelvic wall.

Primary Tumor Classification (T): Pathological T (pT)
• T2: Organ confined.
• T3: Extra prostatic extension; T3a: Extra prostatic extension 

(unilateral or bilateral) or microscopic invasion of bladder 
neck; T3b: Tumor invades seminal vesicle(s).

• T4: Tumor is fixed or invades adjacent structures other than 
seminal vesicles such as external sphincter, rectum, bladder, 
levator muscles, and/or pelvic wall.

Regional Lymph Nodes (N)
• NX: Regional nodes were not assessed.
• N0: No positive regional nodes.
• N1: Metastases in regional node (s).

Distant Metastasis (M)
• M0: No distant metastasis.
• M1: Distant metastasis; M1a: Non-regional lymph node(s); 

M1b: Bone(s); M1c: Other site(s) with or without bone dis-
ease.

2.8.5.2  TNM Stages of Prostate Cancer [63]
Stage I: cT1a-c, cT2a; N0; M0; PSA < 10; Grade Group 1 or pT2; 
N0; M0; PSA < 10; Grade Group 1. Early stage and PSA levels 
are low.

Stage IIA: cT1a-c, cT2a, pT2; N0; M0; 10 ≤ PSA < 20; Grade 
Group 1 or cT2b-c, pT2; N0; M0; PSA  <  20; Grade Group 1. 
Cancer cells are well differentiated, and PSA levels are medium.

Stage IIB: T1–2; N0; M0; PSA < 20; Grade Group 2. Cancer 
cells are moderately differentiated, and PSA levels are medium.

Stage IIC: T1–2; N0; M0; PSA < 20; Grade Group 3 or T1–2; 
N0; M0; PSA < 20; Grade Group 4. Cancer cells are moderately 
or poorly differentiated and PSA levels are medium.
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Stage IIIA: T1–2; N0; M0; PSA ≥ 20; Grade Group 1–4. A 
locally advanced cancer, and PSA level is high.

Stage IIIB: T3–4; N0; M0; any PSA; Grade Group 1–4. A 
locally advanced cancer, it is grown outside of the prostate gland 
and may have invaded nearby structures, such as the bladder or 
rectum.

Stage IIIC: any T; N0; M0; any PSA; Grade Group 5. Tumor 
cells are poorly differentiated, and they look very different the 
healthy cells.

Stage IVA: any T; N1; M0; any PSA; any Grade Group. Cancer 
has spread to the regional lymph nodes.

Stage IVB: any T; any N; M1; any PSA; any Grade Group. 
Cancer has spread to distant lymph nodes, other parts of the body, 
or to the bones.

2.8.5.3  Gleason Score [69]
Gleason Score assesses the histological grade of prostate cancer, 
and its stratification correlates the pathological stage and progno-
sis. The score ranges from 3 to 5, based on tissue analysis from 
two different locations, and the scores are summed up to get an 
overall score ranging from 6 to 10. Then 5 distinct grades (Grade 
Group) are determined, where group 5 indicates a more aggres-
sive tumor and therefore worse prognosis, and group 1 a less 
aggressive tumor, with a higher grade of differentiation and better 
prognosis [62, 63, 69].

• Gleason 6: Cells are well differentiated. Cancer is likely to 
grow very slowly, if at all.

• Gleason 7: Cells are moderately differentiated. Cancer is likely 
to grow at a moderate rate.

• Gleason 8: Some cells look abnormal. Cancer might grow 
quickly or at a moderate rate.

• Gleason 9 or 10: Cells are poorly differentiated or undifferen-
tiated.
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2.8.5.4  Grade Groups [69, 70]
• Grade group 1: Gleason 6 (3 + 3 = 6).
• Grade group 2: Gleason 7 (3 + 4 = 7).
• Grade group 3: Gleason 7 (4 + 3 = 7).
• Grade Group 4: Gleason 8 (4 + 4 = 8; 3 + 5 = 8 or 5 + 3 = 8).
• Grade Group 5: Gleason 9 or 10 (4  +  5  =  9; 5  +  4  =  9 or 

5 + 5 = 10).

2.8.6  Histopathological and Molecular 
Classification

Prostate epithelium is formed by basal, intermediate, luminal, and 
neuroendocrine cells. The most common histology found in pros-
tate cancer is called adenocarcinoma. Other, less common histo-
logic types include neuroendocrine prostate cancer and small cell 
prostate cancer. These rare variants tend to be more aggressive, 
produce much less PSA, and spread outside the prostate earlier 
[66, 69].

2.8.6.1  Molecular Classification
Although new microdissection techniques and laser capture 
microscopy of individual neoplastic lesions, and also cell classifi-
cation techniques have emerged, prostate cancer is still cytoge-
netically poorly characterized, partly due to technical limitations 
and the reduction in the number of radical prostatectomies, the 
main source for obtaining material for analysis. Prostate neoplas-
tic lesions are multifocal, that is, samples from nearby regions can 
be genetically different (non-clonal), suggesting that lesions may 
evolve independently and hinder the definition of disease progres-
sion mechanisms [66].

BRCA1 and BRCA2 genes are linked to an increased risk of 
breast and ovarian cancers in some families. Inherited mutations 
of the BRCA1 or BRCA2 genes can increase prostate cancer risk 
in men (especially mutations in BRCA2) [62].
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2.9  Stomach

2.9.1  Introduction and Epidemiology

Stomach cancer is slow developing, rarely causing symptoms in 
the early stages, and so, screening is justified only in populations 
with a history of high incidence of the disease. This cancer devel-
ops from changes in the stomach mucosa, and its location is 
essential to plan therapy; for example, a tumor in the gastroesoph-
ageal junction can be staged and treated as esophageal cancer 
[71].

This is the fifth most common cancer in the world, and its sur-
vival varies greatly as it spreads. The localized tumor has a 5-year 
survival of 70%, while the metastatic tumor has only 6% survival. 
The most common type is adenocarcinoma, which accounts for 
95% of cases. Other types of tumors that are found in this organ 
are lymphomas and sarcomas, gastrointestinal stromal tumors 
(GIST), and carcinoid. Other rarer types are squamous cell carci-
noma, leiomyosarcoma, and small cell carcinoma [71].

2.9.2  Risk Factors

• 2 times more incidents in men and usually affects individuals 
over 60 years.

• Diet is largely responsible for the development of the disease, 
including the consumption of salted, smoked, and pickled 
foods, alcohol, and tobacco.

• H. pylori infection.
• Previous stomach surgery.
• Pernicious anemia.
• Obesity.
• Achlorhydria.
• Family history of the disease.
• Ethnicity: Higher incidence in Hispanics, blacks, and Asians 

[72, 73].
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• Elderly with atrophic gastritis or pernicious anemia, patients 
with sporadic gastric adenomas, familial adenomatous polypo-
sis, or hereditary nonpolyposis colon cancer are more likely to 
develop stomach cancer. As well as immigrant populations 
from high-incidence regions, workers in the rubber and coal 
industry also have an increased predisposition [74].

2.9.3  Signs and Symptoms

The disease signs are:

• Lack of appetite, with abdominal pain and discomfort and a 
feeling of fullness in the upper abdomen after a light meal

• Heartburn or poor digestion
• Episodes of nausea and vomiting
• Diarrhea or constipation
• Swelling or accumulation of fluid in the abdomen

In more advanced stages the patient has symptoms of weak-
ness, weight loss, anemia, and blood in vomiting or stool [72, 73].

2.9.4  Detection

For the disease diagnosis it is recommended to elaborate the med-
ical history and perform imaging tests such as endoscopy, and if 
necessary, biopsy guided by endoscopy or tomography. Other 
tests such as x-ray, CT scanning, endoscopic ultrasound, PET- 
scan, MRI scanning, and laparoscopy help to confirm the diagno-
sis [75].

Laboratory tests such as blood count (presence of anemia) with 
platelet counts, blood test in the feces, and liver and kidney func-
tion tests are added to the imaging tests. Determine, if possible, 
the Siewert classification of the tumor of the gastroesophageal 
junction. Other tests that can be used are echoendoscopy, PET- CT, 
and laparoscopy with peritoneal lavage cytology [75, 76].
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2.9.5  Staging

According to 2018 AJCC, the TNM system is used [77], where T 
means the primary tumor extension, with the evolution assessed 
through the stomach wall layers (mucosa, submucosa, muscular, 
subserosa, and serosa); N indicates the involvement of regional 
lymph nodes; and M indicates metastases in liver and lungs [78, 
79, 80].

Stages 0 to IB: cancer has not spread to nearby lymph nodes or 
distant parts of the body

Stage 0
• Tis N0 M0: There is high grade dysplasia in the stomach lining, 

or there are cancer cells only in the innermost layer of the 
stomach, that have not grown into deeper layers of tissue such 
as the lamina propria.

Stage IA
• T1 N0 M0: The main tumor has grown from the top layer of 

cells of the mucosa into the next layers below such as the lam-
ina propria, the muscularis mucosa, or submucosa.

Stage IB
• T1 N1 M0: The main tumor has grown from the top layer of 

cells of the mucosa into the next layers below, such as the lam-
ina propria, the muscularis mucosa, or submucosa, and cancer 
has spread to 1–2 nearby lymph nodes.

• T2  N0  M0: The main tumor is growing into the muscularis 
propria layer. Cancer has not spread to nearby lymph nodes.

• Stages IIA to III C: Cancer has not spread to distant parts of the 
body.

Stage IIA
• T1 N2 M0: The main tumor has grown from the top layer of 

cells of the mucosa into the next layers below, such as the lam-
ina propria, muscularis mucosa, or submucosa, and cancer has 
spread to 3–6 nearby lymph nodes.
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• T2  N1  M0: The main tumor is growing into the muscularis 
propria layer, and cancer has spread to 1–2 nearby lymph 
nodes.

• T3 N0 M0: The main tumor is growing into the subserosa layer. 
Cancer has not spread to nearby lymph nodes.

Stage IIB
• T1 N3a M0: The main tumor has grown from the top layer of 

cells of the mucosa into the next layers below such as the lam-
ina propria, muscularis mucosa, or submucosa, and cancer has 
spread to 7–15 nearby lymph nodes.

• T2  N2  M0: The main tumor is growing into the muscularis 
propria layer, and cancer has spread to 3–6 nearby lymph 
nodes.

• T3 N1 M0: The main tumor is growing into the subserosa layer 
(T3), and cancer has spread to 1–2 nearby lymph nodes.

• T4a N0 M0: The main tumor has grown through the stomach 
wall into the serosa, but it has not grown into any of the nearby 
organs or structures. Cancer has not spread to nearby lymph 
nodes.

Stage IIIA
• T2 N3a M0: The main tumor is growing into the muscularis 

propria layer, and cancer has spread to 7–15 nearby lymph 
nodes.

• T3 N2 M0: The main tumor is growing into the subserosa layer, 
and cancer has spread to 3–6 nearby lymph nodes.

• T4a N1 M0: The main tumor has grown through the stomach 
wall into the serosa, but it has not grown into any of the nearby 
organs or structures. Cancer has spread to 1–2 nearby lymph 
nodes.

• T4a N2 M0: The main tumor has grown through the stomach 
wall into the serosa, but it has not grown into any of the nearby 
organs or structures. Cancer has spread to 3–6 nearby lymph 
nodes.

• T4b N0 M0: The main tumor has grown through the stomach 
wall and into nearby organs or structures. Cancer has not 
spread to nearby lymph nodes.
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Stage IIIB
• T1 N3b M0: The main tumor has grown from the top layer of 

cells of the mucosa into the next layers below such as the lam-
ina propria, the muscularis mucosa, or submucosa, and cancer 
has spread to 16 or more nearby lymph nodes.

• T2 N3b M0: The main tumor is growing into the muscularis 
propria layer, and cancer has spread to 16 or more nearby 
lymph nodes.

• T3 N3a M0: The main tumor is growing into the subserosa 
layer, and cancer has spread to 7–15 nearby lymph nodes.

• T4a N3a M0: The main tumor has grown through the stomach 
wall into the serosa, but it has not grown into any of the nearby 
organs or structures, and cancer has spread to 7–15 nearby 
lymph nodes.

• T4b N1 M0: The main tumor has grown through the stomach 
wall and into nearby organs or structures. Cancer has spread to 
1–2 nearby lymph nodes.

• T4b N2 M0: The main tumor has grown through the stomach 
wall and into nearby organs or structures. Cancer has spread to 
3–6 nearby lymph nodes.

Stage IIIC
• T3 N3b M0: The main tumor is growing into the subserosa 

layer, and cancer has spread to 16 or more nearby lymph nodes.
• T4aN3bM0: The main tumor has grown through the stomach 

wall into the serosa, but it has not grown into any of the nearby 
organs or structures, and cancer has spread to 16 or more 
nearby lymph nodes.

• T4b N3a M0: The main tumor has grown through the stomach 
wall and into nearby organs or structures, and cancer has 
spread to 7–15 nearby lymph nodes.

• T4b N3b M0: The main tumor has grown through the stomach 
wall and into nearby organs or structures, AND cancer has 
spread to 16 or more nearby lymph nodes.
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Stage IV
• Any T Any N M1: Cancer might or might not have grown into 

any of the layers of the stomach wall, and it might or might not 
have spread to nearby lymph nodes. Cancer has spread to dis-
tant organs such as the liver, lungs, brain, or the peritoneum.

Note
• TX: Main tumor cannot be assessed due to lack of information.
• T0: No evidence of a primary tumor.
• NX: Regional lymph nodes cannot be assessed due to lack of 

information.

2.9.6  Histopathological and Molecular 
Classification

The 2010 WHO classification recognizes four major histologic 
patterns of gastric cancers: tubular, papillary, mucinous, and 
poorly cohesive (including signet ring cell carcinoma), plus 
uncommon histologic variants [81].

2.9.6.1  Molecular Classification
Stomach cancer is related to:

• Presence of Epstein Barr Virus.
• Detection of microsatellite instability (MSI) (high level, low 

level, or stable).
• Defect in a mismatch repair gene (dMMR).
• Tumor mutational burden (TMB).
• NTRK genes, protein p53, CMET, HER2, EGFR, VEGR [77, 

82].
• Presence of HER2 protein (immunohistochemistry or FISH).
• PD-L1 has been important for the therapeutic decision [77].
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2.10  Thyroid Cancer

2.10.1  Introduction and Epidemiology

Thyroid nodules are a common clinical problem; epidemiological 
studies show the worldwide prevalence of palpable nodules in 
approximately 5% of women and in 1% of men living with suffi-
cient iodine. In contrast, a high-resolution ultrasound can detect 
nodules in 19–68% of randomly selected individuals, with a 
higher frequency in older women. In the United States approxi-
mately 63,000 new cases of cancer were diagnosed early in 2014, 
compared to 37,200 cases in 2009 when the last ATA Guideline 
(American Thyroid Association) was published; annual incidence 
was tripled from 4.9 per 100,000 in 1975 to 14.3 per 100,000 in 
2009 [83]. GLOBOCAN estimated 586,202 new cases (3%) and 
43,646 new deaths (0.4%) related to thyroid cancer in 2020 [84].

2.10.2  Risk Factors

The incidence of large tumors and mortality related to thyroid 
cancer has increased slightly, suggesting some factors, such as:

• Radiation exposure
• Thyroid carcinoma in first-degree relatives
• Iodine intake
• Obesity
• Diabetes
• Estrogen
• Reproductive factors
• Hashimoto’s thyroid
• Lifestyle

2.10.3  Signs and Symptoms

Thyroid cancer can cause the following signs and symptoms:

• Swelling and lump in the neck, sometimes with rapid growth
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• Pain in the front of the neck, sometimes even in the ears
• Hoarseness or constant change of voice (which does not disap-

pear)
• Difficulty swallowing and breathing
• Constant cough that is not due to a cold
• Fatigue
• Appetite changes
• Weight changes

Many of these symptoms can be caused by other health condi-
tions or even by other types of cancers in the neck area. Thyroid 
nodules are usually benign, but when one of these symptoms or 
signs appear, the patient should seek medical care for the identifi-
cation and treatment of the cause [85].

2.10.4  Detection

The diagnosis of thyroid cancer should initially be made through 
clinical examination to evaluate the extent and site of the disease 
and distant manifestations of the tumor, such as tracheal and/or 
esophageal compression, or bone, pulmonary and cerebral metas-
tases [86].

The initial detection of the nodule may be through palpation 
and/or an imaging examination. Thyroid nodule assessment 
includes TSH (thyroid stimulating hormone), ultrasound, and 
ultrasound-guided fine needle aspiration biopsy (FNAB) of the 
nodule. Cervical lymph node biopsy should also be performed, 
and in this case the thyroglobulin dosage in the sampled material 
increases the diagnosis sensitivity [87].

2.10.5  Staging

The TNM classification is also used for the staging of thyroid can-
cer according to 5 stages, from stage 0 to stage IV. In addition to 
the TNM system, papillary and follicular subtypes are also staged 
based on the patient age. Staging can be clinical or pathological; 
the clinical staging is based on the results of tests performed prior 
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to surgery, which may include physical examination and imaging 
tests; and pathological staging is based on what was found during 
surgery, including biopsy [88].

Classification (T): Primary Tumor [88]
• TX: Primary tumor cannot be assessed.
• T0: No evidence of tumor.
• T1: Tumor has ≤2 cm and is limited to the thyroid.
• T1a: Tumor is ≤1 cm.
• T1b: Tumor has >1 cm but <2 cm.
• T2: Tumor has >2 cm but <4 cm and is limited to the thyroid.
• T3: Tumor is >4 cm, but the tumor does not extend beyond the 

thyroid.
• T4: Tumor has any size and extends beyond the thyroid.
• T4a: Tumor spreads beyond the thyroid to nearby soft tissues 

(larynx, trachea, esophagus, or recurrent laryngeal nerve).
• T4b: Tumor spreads beyond the regions mentioned in T4a.

Classification (N): Regional Lymph Nodes [88]
• NX: Regional lymph node cannot be assessed.
• N0: No evidence of cancer in regional lymph node.
• N1: Cancer spreads through the lymph nodes.
• N1a: Cancer spreads through the lymph nodes around the thy-

roid (central compartment).
• N1b: Cancer spreads through the central compartment.

Classification (M): Distant Metastasis [88]
• MX: Distant metastasis cannot be assessed.
• M0: Cancer has not spread to other parts of the body.
• M1: Cancer has spread to other parts of the body.

Papillary or Follicular Thyroid Cancer in Individuals Under 
55 Years of Age
• Stage I: Tumor of any T, spread or not to the lymph node of any 

N and without distant metastasis.
• Stage II: Tumor of any T, with or without metastasis (M1), 

regardless of having spread to the lymph nodes (any N).
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Papillary or Follicular Thyroid Cancer in Individuals Aged 55 
or More.
• Stage I – T1N0M0.
• Stage II – (T2 or T3) N0M0.
• Stage III – T3 without spreading to the lymph nodes and with-

out metastasis; or localized tumor (T1, T2, or T3) that spread 
to the central compartment of the lymph nodes (N1a) and with-
out distant metastasis (M0).

• Stage IVA – T4a, regardless of whether it spread to the lymph 
nodes (any N) and without distant metastasis (M0), or local-
ized tumor (T1, T2 or T3) that spread to the central  compartment 
of the lymph nodes (N1b) and without distant metastasis (M0).

• Stage IVB – Tumor that has spread to nearby structures, regard-
less of whether it spreads to the lymph nodes (any N) and with-
out distant metastasis (M0).

• Stage IVC – All tumors (any T and any N) when there is evi-
dence of metastasis (M1).

Medullary Thyroid Cancer
• Stage I: T1N0M0.
• Stage II: (T2 or T3) N0M0.
• Stage III: Large and localized tumor (T2 or T3) that spreads 

through the central compartment of the lymph nodes (N1) and 
without metastasis (M0).

• Stage IVA: T4a, regardless of spreading through the lymph 
nodes (any N) and without distant metastasis (M0) or (T1, T2 
or T3) spread throughout the central compartment of the lymph 
nodes (N1b) and without distant metastasis (M0).

• Stage IVB: T4b, regardless of spreading through the lymph 
nodes (any N) and without distant metastasis (M0).

• Stage IVC: Tumor with evidence of metastasis (any T and any 
N and M1).

Anaplastic Thyroid Cancer
• Stage IV: All anaplastic tumors are classified as stage IV, 

regardless of tumor size, location, or metastasis.
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• Stage IVA: T4a, regardless of spreading to lymph nodes (any 
N) and without distant metastasis (M0).

• Stage IVB: T4b, regardless of spreading to lymph nodes (any 
N) and without distant metastasis (M0).

• Stage IVC: Tumor with evidence of metastasis (any T, any N 
and M1).

• Recurrence: Recurrent cancer occurs when the disease comes 
back after treatment; there will be another sequence of tests to 
assess the extent of this recurrence. These tests and imaging 
tests are often similar to those performed during the first diag-
nosis [6]

2.10.6  Histopathological and Molecular 
Classification

Papillary thyroid cancer accounts for 80–90% of all types of thy-
roid cancer, in women:men rate of 3:1. Follicular thyroid cancer, 
including Hürthle cell variant, accounts for about 10% of thyroid 
cancers, and is more malignant than papillary, with hematogenous 
dissemination. Medullary cancer is about 4% of thyroid tumors, 
composed of parafollicular cells (C cells), which produce calcito-
nin, caused by a mutation of the proto-oncogene RET. Anaplastic 
cancer is of undifferentiated type, which corresponds to about 1% 
of thyroid tumors and has a characteristic of rapid and painful 
growth [89].

Thyroid nodules are a common problem with the total preva-
lence of the population between 3% and 8% and most nodules are 
benign. Approximately 5% of nodules are malignant and gener-
ally have a good prognosis [90]. Ultrasound and fine needle 
biopsy (FNB) diagnoses correctly classify most cases. But when 
the cytological result is indeterminate (fundamentally Bethesda 
classification of Bethesda III and IV), the patient often undergoes 
surgery.

2.10.6.1  Molecular Classification
Molecular markers are genetic mutations that show malignant 
thyroid cells that can be analyzed in fine needle biopsy fragments 

M. I. R. Gato et al.



65

of thyroid tissue biopsy using molecular techniques. In papillary 
thyroid carcinoma, the best known is the BRAF mutation, present 
in 40–45% of cases, followed by RAS and RET/PTC in approxi-
mately 20% of cases. In follicular cancer, the RAS mutation is 
found in 40 to 50% of cases, followed by PAX8/PPARy transloca-
tion in 30 to 35% of cases [90].
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3.1  Leukemias

Leukemia is a clonal proliferation of hematopoietic stem cells in 
the bone marrow. It is a common malignancy in children and 
adults that occurs when alterations in normal cell regulatory pro-
cesses lead to uncontrolled proliferation of hematopoietic stem 
cells in the bone marrow [1, 2].

Leukemias can be divided into acute and chronic varieties, 
both of which have a myelocytic and lymphocytic type. Acute 
leukemias differ from chronic leukemias in that the former are 
characterized by an arrest at an early stage of maturation. The 
leukemia cells proliferate rapidly and have a prolonged reproduc-
tive life span. The presence of these cells inhibits normal 
 hemopoiesis, resulting in granulocytopenia, thrombocytopenia, 
and anemia [1]. In adolescent and young adult populations, acute 
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leukemias are the most prevalent, with chronic myeloid leukemia 
being infrequently seen [3].

The acute leukemias are characterized by aberrant differentia-
tion and proliferation of malignantly transformed hematopoietic 
stem cells. These cells accumulate within the bone marrow and 
lead to suppression of the growth and differentiation of normal 
blood cells [4].

In acute leukemia, abnormal blood cells remain immature and 
cannot perform proper functions, which causes the number of 
cancerous cells, and the disease progression, to increase quickly 
[5]. While in chronic leukemia, present cancerous cells are mature 
and retain their normal functions, which lead to a slow progres-
sion of the disease.

According to a review performed between 1990 and 2017, 
globally, while the number of newly diagnosed leukemia cases 
increased from 354.5 thousand in 1990 to 518.5 thousand in 2017, 
the age-standardized incidence rate (ASIR) decreased by 0.43% 
per year during the same period. The leukemia ASIR was higher 
in males than in females, whereas females experienced a more 
pronounced decrease in ASIR during the study period when com-
pared to males [6].

For the sake of clarity, here we will divide leukemias classes, 
highlighting their differences.

3.2  Chronic Lymphocytic Leukemia (CLL)

3.2.1  Introduction and Epidemiology

Chronic lymphocytic leukemia (CLL) is the most common leuke-
mia among adults in the Western world. CLL (and the correspond-
ing nodal entity small lymphocytic lymphoma, SLL) is classified 
as a lymphoproliferative disorder characterized by the relentless 
accumulation of mature B-lymphocytes showing a peculiar 
immunophenotype in the peripheral blood, bone marrow, lymph 
nodes, and spleen. CLL clinical course is very heterogeneous: 
most patients follow an indolent clinical course with no or delayed 
treatment need and with a prolonged survival, while others expe-
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rience aggressive disease requiring early treatment followed by 
frequent relapses [7].

Chronic lymphocytic leukemia (CLL) is the most frequent 
(30%) leukemia in the Western world. The median age at diagno-
sis is 70 years and there is a 2:1 male/female ratio.

3.2.2  Risk Factors

Etiology of CLL is unknown. No specific risk factors have been 
identified [8]. Several of the epidemiological studies aimed at 
identifying risk factors for CLL/SLL occurrence, but no acquired 
causative factors leading to CLL development have been identi-
fied so far. A genetic predisposition to disease development (fam-
ily history of hematological malignancies  – CLL and/or 
non-Hodgkin lymphomas, NHL) has been ascertained, and it is 
supported by several lines of evidence [7].

3.2.3  Signs and Symptoms

About 50–70% CLL patients are asymptomatic. The most fre-
quent presentation is painless symmetrical lymphadenopathy. 
Other presenting features include systemic symptoms of weight 
loss, night sweats, tiredness, and features of bone marrow failure. 
Autoimmune complications especially hemolytic anemia and 
immune thrombocytopenia can occur. Infections are common due 
to hypogammaglobulinemia (Ajithkumar, T & Hatcher, H, 2011). 
Ten percent of patients can undergo transformation to a more 
aggressive tumor, most commonly diffuse large B-cell lymphoma, 
called Richter’s syndrome [8].

3.2.4  Diagnosis

CLL is a proliferative disorder of monoclonal CD5+ B lympho-
cytes. The diagnostic consists of hematopathology review of the 
lymph node or bone marrow biopsy, flow cytometry of blood to 
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check the presence of monoclonal B lymphocytes (≥5 × 10 [9]/L 
in peripheral blood), and the absolute monoclonal B lymphocyte 
count [9].

A direct Coombs test and serum immunoglobulin estimation is 
needed. Bone marrow examination helps to establish the extent 
and pattern of marrow involvement and to evaluate response to 
treatment [8].

3.2.5  Staging

Two staging systems are currently applied in CLL patients to 
define disease burden and treatment indication: Rai and Binet 
staging system. These two systems have many advantages as they 
are easy to define, being based only on complete blood cell count 
(CBC) and physical examination, and they have been shown to be 
powerful prognostic indicators [7]. The Rai staging system is 
based on progressively shorter overall survival, while Binet stag-
ing system is based on the number of lymphoid sites involved at 
physical exam (cervical, axillary, and inguinal nodes, hepatomeg-
aly, splenomegaly) and the CBC values [10, 11].

3.3  Chronic Myeloid Leukemia (CML)

3.3.1  Introduction and Epidemiology

Chronic myeloid leukemia (CML) is characterized by progressive 
replacement of the normal elements of the marrow with mature 
myeloid cells no longer responsive to mechanisms that govern 
proliferation of normal myeloid cells. This results in an ever- 
increasing ratio of leukemic to normal myeloid cells [12].

Chronic myeloid leukemia (CML) accounts for 20% of leu-
kemia. The median age at diagnosis is 55 years, and males are 
affected more frequently than females (male/female ratio of 
1.3:1) [8].
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3.3.2  Risk Factors

The only recognized risk factor for CML is prior radiation expo-
sure.

3.3.3  Signs and Symptoms

The symptoms of CML result from the hypermetabolic state and 
splenomegaly associated with the huge expansion of myelopoie-
sis. Symptoms include weight loss, fever, sweats, and fatigue. 
Splenomegaly is present in the majority of patients at diagnosis. 
The total blood granulocyte pool is usually 10–100 times higher 
than normal. Myeloid cells of all levels of maturation are present 
in the blood; the number of primitive cells in the marrow tend to 
be higher. CML is also characterized by an increase in the number 
of eosinophils, basophils, monocytes, and lymphocytes in the 
blood. Thrombocytopenia at presentation should lead to suspicion 
that another diagnosis is required or that blastic phase of the dis-
ease is present. Anemia, if present, is mild. Circulating nucleated 
red blood cells are common [1].

The bone marrow aspirate is markedly hypercellular with the 
hyperplasia of all stages and classes of myeloid cells. The myeloid/
erythroid ratio is markedly elevated with megakaryocytic hyper-
plasia. The proportion of immature myeloid elements (blast cells, 
promyelocytes, myelocytes) is increased relative to that of normal 
marrow. Focal myelofibrosis is present in the marrow of most 
patients at diagnosis [1].

Fifty percent of CML patients are asymptomatic and are diag-
nosed following an abnormal blood count. The remainder pres-
ents with non-specific symptoms of weight loss, excessive 
sweating, spontaneous bleeding, and pain due to splenic 
 enlargement and hyperviscosity. Some patients with hyperurice-
mia present with a gout-like arthritis. Symptoms of advanced 
stage include general cachexia, fever, bone marrow failure, and 
bone pain [8].
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3.3.4  Diagnosis

CML is characterized by the Philadelphia chromosome (Ph), 
which results from a reciprocal translocation between chromo-
somes 9 and 22. The translocation results in two fusion genes. 
One, on chromosome 22, consists of the proximal region of the 
BCR gene and the distal region of the ABL gene, which has 
moved from chromosome 9. A fusion gene that consists of the 
proximal portion of the ABL gene and the distal portion for BCR 
gene is also produced. Whereas the latter gene is expressed in 
some patients, the biologic significance of its expression is 
unknown. The normal ABL gene has tyrosine kinase activity and 
is probably involved in signal transduction. The BCR-ABL fusion 
gene product has increased tyrosine kinase activity and is capable 
of autophosphorylation, conferring to chronic myelogenous leu-
kemia (CML) cells a proliferative advantage over the normal 
hemopoietic elements. That occurs in about 90–95% patients with 
CML [1, 8].

Patients with CML but without Ph chromosome may still have 
BCR-ABL rearrangement, which will behave similar to Ph + dis-
ease. Patients without Ph chromosome and BCR-ABL molecular 
abnormalities are classed as atypical CML, and they often need a 
different treatment approach [1].

Other Ph-negative patients with CML do not have CML but 
have a different myeloproliferative or myelodysplastic disorder. 
These patients tend to be older, and their course is more rapid than 
that of patients with CML; patients with Ph-negative CML often 
die in less than 1 year [1].

3.3.5  Staging

CML occurs in three different phases (chronic, accelerated, and 
blast phase) and is usually diagnosed in the chronic phase in the 
developed world. Untreated chronic phase CML (CP-CML) will 
eventually progress to accelerated phase CML (AP-CML) or blast 
phase (BP-CML) in 3–5 years on average [11].
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3.3.6  Histological and Molecular Classification

In CML, the genetic and cytogenetic changes play important roles 
in prognosis and treatment process. Philadelphia chromosome 
(Philadelphia (Ph) translocation t(9;22)(q34;q11)) is an important 
characteristic in CML. This translocation plays an important role 
not only in CML pathogenesis, but also in diagnosis since it is 
considered as a prognostic biomarker in this disease [13].

3.4  Acute Lymphoblastic Leukemia (ALL)

3.4.1  Introduction and Epidemiology

ALL is more common in men than in women and has a variable 
prevalence in different ethnic groups, being highest in the Hispanic 
population [3].

3.4.2  Risk Factors

For ALL, the topic of exposures and their role remains conten-
tious. Some studies considered ionizing and non-ionizing (e.g., 
electromagnetic field [EMF]) radiation an established causal 
exposure for childhood ALL, as evidenced by the impact of the 
1945 atomic bombs in Japan and by the modestly but significantly 
elevated risk caused by X-ray pelvimetry during pregnancy. Meta- 
analysis suggests a modestly elevated risk at high levels (>0.2μT), 
15, but the reliability of this finding is uncertain. It is impossible 
to prove that EMF never causes ALL, but at most, it might be 
involved in only a small minority of cases.

Infection was the first suggested causal exposure for childhood 
ALL and remains the strongest candidate. Two specific hypothe-
ses have been proposed, and both postulate that ALL results from 
an abnormal response to a common infection. It is important to 
continue exploring the possible biological mechanisms of infec-
tious promotion of ALL, as they could eventually lead to prophy-
lactic interventions [14].
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3.4.3  Signs and Symptoms

The acute leukemia symptoms result from varying degrees of ane-
mia, neutropenia, and thrombocytopenia or from infiltration into 
tissues. Although virtually any organ system may become 
involved once leukemia cells enter the peripheral blood, the lymph 
nodes, liver, spleen, central nervous system (CNS), and skin are 
the most common sites detected clinically [4].

3.4.4  Diagnosis

The diagnosis of ALL generally requires demonstration of more 
than 20% of bone marrow lymphoblastic, which includes flow 
cytometric immunophenotyping for molecular characterization of 
leukemic clone and minimal/measurable residual disease (MRD), 
morphologic assessment, and karyotyping. For stratification and 
treatment planning, the diagnosis requires testing for specific 
recurrent genetic abnormalities using FISH and RT-PCR testing 
BCR-ABL1 [11].

3.4.5  Histological and Molecular Classification

The FAB classification of ALL includes three subtypes (L1–L3), 
which are differentiated based on morphology, including cell size, 
prominence of nucleoli, and the amount and appearance of cyto-
plasm.

3.5  Acute Myeloid Leukemia (AML)

3.5.1  Introduction and Epidemiology

Acute myeloid leukemia (AML) is the most common acute type 
in adults [14, 15]. Although acute myeloid leukemia can occur in 
any age group, it is a predominant disease in older adults, with a 
median age at diagnosis of 68 years. The incidence of AML is ris-
ing, partly due to an increasing prevalence of therapy-related 
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AML as more patients with cancer treated with cytotoxic chemo-
therapy are cured of their primary malignancy [14, 15].

3.5.2  Risk Factors

AML reportedly is associated with exposure to chemotherapy and 
ionizing radiation, and also to chemicals that include petroleum 
products and organic solvents (benzene), herbicides, and pesti-
cides (organophosphates) [8, 16]. The degree of risk depends on 
age, dose of radiation, and duration of exposure [5].

Many inherited conditions predispose children to the develop-
ment of AML. Among these are Down syndrome, Fanconi ane-
mia, severe congenital neutropenia (Kostmann syndrome), 
neurofibromatosis type 1, dyskeratosis congenita, and familial 
platelet disorder with a predisposition to AML [16].

3.5.3  Signs and Symptoms

The presentation of childhood AML reflects signs and symptoms that 
result from leukemic infiltration of the bone marrow and extramedul-
lary sites. Replacement of normal bone marrow hematopoietic cells 
results in neutropenia, anemia, and thrombocytopenia. Children 
commonly present with signs and symptoms of pancytopenia, includ-
ing fever, fatigue, pallor, bleeding, bone pain, and infections. 
Infiltration of extramedullary sites can result in lymphadenopathy, 
hepatosplenomegaly, chloromatous tumors (myeloblastomas and 
granulocytic sarcomas), disease in the skin (leukemia cutis), orbit, 
and epidural space, and, rarely, testicular involvement [16].

3.5.4  Diagnosis

The diagnosis of AML is made by the presence of more than 20% 
blasts in the peripheral blood or in the bone marrow, or through 
the presence of unique genetic abnormalities found in the bone 
marrow regardless of blast count [t(8;21), inv. [16], or t(15;17)]. 
In addition to morphological assessment of peripheral blood and 
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bone marrow, immunophenotyping by flow cytometry is used at 
the time of diagnosis to confirm the myeloid origin of malignant 
blast populations and to aid in further categorization of acute 
myeloid leukemia subtype. Cytogenetic analysis and screening 
for commonly occurring gene mutations and rearrangements 
should also be done [15, 17].

3.5.5  Histological and Molecular Classification

In 1970, the French-American-British (FAB) classification of 
AML was developed by a group of French, American, and British 
leukemia experts. This group divided AML into subtypes, M0 
through M7, based on the type of cell the leukemia develops from 
and how mature the cells are. According to the FAB classification, 
the subtypes M0 to M5 start in precursors of white blood cells, 
M6 AML originates in very early forms of red blood cells, and 
M7 AML starts in early forms of cells that form platelets [18].

In 2016, the World Health Organization updated the guidelines 
and distinguished in six groups of AML: AML with recurrent genetic 
abnormalities, AML with myelodysplasia-related changes, therapy-
related myeloid neoplasms, AML not otherwise  specified, myeloid 
sarcoma, and myeloid proliferations related to Down syndrome.

AML is further classified into three prognostic risk groups: 
favorable, intermediate, and adverse [1]. These are based on both 
cytogenetics and relatively recent recognition of molecular dis-
eases subsets that are distinct from the contribution of cytogenetic 
risk. These newly recognized molecular subsets have different 
responses to standard therapeutics [17].

3.6  Lymphomas

3.6.1  Hodgkin Lymphoma

3.6.1.1  Disease Overview
Hodgkin lymphoma (HL) is a type of lymphoma in which cancer 
originates from a specific type of white blood cells called lympho-
cytes. HL was recognized as a unique illness almost two centuries 
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ago (1832 by Thomas Hodgkin). In 1898 and 1902, respectively, 
Carl Sternberg and Dorothy Reed independently described the 
cytogenetic features of the malignant cells of Hodgkin lymphoma, 
now called Reed–Sternberg cells; detailed descriptions of the typ-
ical microscopic appearance allowed confident separation of this 
type of lymphoma from other diseases causing similar symptoms 
and lymphadenopathy. Finally, and most importantly in terms of 
making clear the need for definite identification of the disease, 
curative treatments, initially with radiation therapy, and later mul-
tiagent chemotherapy, became available more than 50 years ago. 
Thus, Hodgkin lymphoma has been sufficiently, dependably, and 
accurately diagnosed that its specific patterns of presentation and 
clinical behavior are well understood [19, 20].

3.6.1.2  Introduction and Epidemiology
Hodgkin lymphoma is an uncommon disorder with an annual inci-
dence around 83,000 new cases (Globocan 2020) in the world 
according to International Agency for Research on Cancer (IARC). 
HL shows a bimodal distribution with a first peak in the third decade 
and a second peak after the age of 50. Men are affected by HL 
slightly more often than women among all subtypes, except for the 
nodular sclerosing subtype that occurs slightly more often in young 
females than in male patients. Among the group of young adults, 
the most common subtype is nodular- sclerosing (NS) HL occurring 
at a higher frequency than the mixed-cellularity (MC) subtype. The 
frequency of MC increases with age, while that of NS reaches a 
plateau in the group >30 years of age [21, 22].

3.6.1.3  Risk Factors
The exact cause of Hodgkin lymphoma is unknown, but the fol-
lowing factors may raise a person’s risk of developing Hodgkin 
lymphoma:

• Age: People between the ages of 15 and 40 and people older 
than 55 are more likely to develop Hodgkin lymphoma.

• Gender: In general, men are slightly more likely to develop 
Hodgkin lymphoma than women, although the nodular sclero-
sis subtype is more common in women (see epidemiology).
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• Family history: Brothers and sisters of people with Hodgkin 
lymphoma have a higher chance of developing the disease, 
although the increase in risk is small.

• Virus exposure: The Epstein-Barr virus (EBV) causes infec-
tious mononucleosis. Nearly all adult Americans and many 
others around the world have an EBV infection. About 20–25% 
of people with Classic HL in the United States have lymphoma 
cells that test positive for EBV. People with HIV also have a 
higher risk of developing Hodgkin lymphoma, particularly 
lymphocyte-depleted Hodgkin lymphoma [23].

3.6.1.4  Signs and Symptoms
Common symptoms or signs caused by Hodgkin lymphoma 
include:

• Painless swelling of lymph nodes in the neck, underarm, or 
groin area that does not go away within a few weeks.

• Unexplained fever that does not go away.
• Unexplained weight loss.
• Night sweats, usually drenching.
• Pruritus, a generalized itching that may be severe.
• Fatigue.
• Pain in the lymph nodes triggered by drinking alcohol.
• Shortness of breath, cough, or chest discomfort may be caused 

if lymph nodes in the chest are affected.

Some of these symptoms described above are called “B symp-
toms” and helps describe disease in progress:

• Unexplained weight loss of more than 10% of original body 
weight during the 6 months before diagnosis.

• Unexplained fever, with temperatures above 100.4 °F (38 °C).
• Drenching night sweats. Many people with Hodgkin lym-

phoma say their nightclothes or the sheets on the bed were so 
wet they needed to be changed during the night. Sometimes, 
heavy sweating occurs during the day [23, 24].
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3.6.1.5  Diagnosis
The following tests may be used to help diagnose Hodgkin lym-
phoma. Not all tests listed below will be used for every person:

• Medical history and physical examination – detailed questions 
about medical history and a physical examination, which can 
identify whether the person has experienced some typical 
symptoms of Hodgkin (see Sect. 3.6.2.4).

• Biopsy or core needle biopsy  – affected tissue lymph node. 
Biopsy of cHL usually has Reed–Sternberg cells. For people 
with nodular lymphocyte-predominant Hodgkin lymphoma, 
the Reed–Sternberg cells often look different and are called 
“LP” cells.

Immunohistochemistry Evaluation
Typical immunophenotype for cHL  – CD15+, CD30+, PAX 
5 + (weak), CD3-, CD20-(majority), CD45-, CD79a- .

Typical immunophenotype for NLPHL  – CD20+, CD45+, 
CD79a+, BCL6+, PAX 5+, CD3-, CD15-, CD30-.

Laboratory tests: Blood tests may include a complete blood 
count (CBC) and an analysis of the different types of white blood 
cells, in addition to the erythrocyte sedimentation rate (ESR or 
“sed rate”) and liver and kidney function tests. Blood tests alone 
cannot detect Hodgkin lymphoma.

Some factors that are considered less favorable and lead to a 
poorer prognosis include:

Age 45 and older; low blood albumin levels defined as less 
than 4 g/L; low hemoglobin, defined as less than 10.5 g/dL; white 
blood cell count that is more than 15,000 per cubic millimeter 
(mm3); lymphocyte count that is less than 600 per mm3; less than 
8% of the total white blood cell count, or both; and a higher eryth-
rocyte sedimentation rate especially for early-stage Hodgkin lym-
phoma.

HIV and Hepatitis B/C Testing
Computed tomography scan and magnetic resonance imaging 
(MRI). A mediastinal lymph node mass, located in the center of 
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the chest, that is larger than 10  cm is associated with a poorer 
prognosis. Small mediastinal masses are not associated with a 
poorer prognosis. Having a high number of involved lymph node 
sites is associated with a poorer prognosis too.

Positron emission tomography (PET) or PET-CT scan. PET- CT 
scanning has become the standard for assessment of response in 
most lymphomas. For HL and fluorodeoxyglucose (FDG)-avid 
NHL subtypes, PET and PET-CT improve the accuracy of staging 
compared with CT scans for nodal and extranodal sites. PET-CT 
leads to change in stage in 10–30% of patients, more often upstag-
ing, although alteration in management occurs in fewer patients, 
with no demonstrated impact on overall outcome. However, 
improving staging accuracy ensures that fewer patients are under-
treated or overtreated.

Some tests may be done if a person's treatment plan includes 
chemotherapy.

Lung function tests: test of the diffusing capacity of the lungs 
for carbon monoxide (DLCO); a DLCO threshold of ≥60% is 
acceptable for use of bleomycin.

Heart evaluation: A heart evaluation, including an echocardio-
gram (ECHO) or a multigated acquisition (MUGA) scan (impor-
tant for anthracycline-based chemotherapy).

Pregnancy test: for women of childbearing age.
Counseling for fertility: (fertility preservation), smoking ces-

sation, and psychosocial [25–27].

3.6.1.6  Types of Hodgkin Lymphoma
The American Joint Committee on Cancer (AJCC) and World 
Health Organization (WHO) classifications recognize two major 
categories of Hodgkin lymphoma: classic Hodgkin lymphoma 
and nodular lymphocyte-predominant Hodgkin lymphoma.

3.6.1.7  Classification of Hodgkin Lymphoma

Classic Hodgkin Lymphoma (cHL)
Classic HL is the most common type of Hodgkin lymphoma. 
More than 90% of cases of Hodgkin lymphoma are within the 
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cHL category. cHL is diagnosed when certain abnormal lympho-
cytes, known as Reed–Sternberg cells, are found. cHL is divided 
into four subtypes according to the cellular composition of the 
background infiltrate; this type of cells are typically positive for 
CD30 (an activation marker) and for CD15 (an antigen associated 
with the granulocyte and monocyte lineages), while they usually 
lack expression of CD45 and of molecules characteristic of the 
B- and T-cell lineages.

Genetic  – mutations in genes STAT6, SOCS1, PDL1/PDL2 
alterations, CIITA rearrangements.

Nodular sclerosis Hodgkin lymphoma: In addition to Reed–
Sternberg cells, there are bands of connective tissue (called 
 fibrosis) found in the lymph node. This type of lymphoma often 
affects the lymph nodes in the central part of the chest, called the 
mediastinum.

Lymphocyte-rich classic Hodgkin lymphoma: It usually affects 
areas other than the mediastinum. In addition to Reed–Sternberg 
cells, the lymph node tissue contains many normal lymphocytes.

Mixed cellularity Hodgkin lymphoma: This subtype some-
times develops in the abdomen and carries many different cell 
types, including large numbers of Reed–Sternberg cells.

Lymphocyte-depleted Hodgkin lymphoma: is the least com-
mon subtype of cHL. Only about 1% of people with cHL have this 
subtype. It is most common in older adults; people with the human 
immunodeficiency virus (HIV), and people in non-industrialized 
countries. The lymph node contains almost all Reed–Sternberg 
cells.

Nodular Lymphocyte-Predominant Hodgkin Lymphoma
Nodular lymphocyte-predominant Hodgkin lymphoma is more 
similar to B-cell non-Hodgkin lymphoma. People with this type 
of Hodgkin lymphoma have large cells in the affected area 
called “popcorn cells” or “LP cells” that have a marker called 
CD20 on their surface and different of cHL these cells lack 
CD30 and CD15.

Genetic  – mutations in genes DUSP2, JUN, SGK1, SOCS1, 
BCL6 rearrangements [23, 28].
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3.6.1.8  Hodgkin Lymphoma Staging
The staging system used for Hodgkin lymphoma is the Lugano 
classification, which is based on the older Ann Arbor system. It 
has four stages, labeled I, II, III, and IV; the stage of Hodgkin 
lymphoma describes the extent of the spread of the tumor. As 
explained in Symptoms and Signs, each stage may also be further 
divided into “A” and “B” categories, based on whether or not the 
person is experiencing specific symptoms.

Bulky disease  – this term is used to describe tumors in the 
chest that are at least 1/3 as wide as the chest, or tumors in other 
areas that are at least 10 cm (about 4 in) across. It’s usually labeled 
by adding the letter X to the stage. It’s especially important for 
stage II lymphomas, because bulky disease may require more 
intensive treatment.

• Stage I: The lymphoma is found in one lymph node region. Or, 
the lymphoma has invaded one extralymphatic organ or site 
(identified using the letter “E”) but not any lymph node regions 
(stage IE); this is rare in Hodgkin lymphoma.

• Stage II: Any of the following conditions applies:
• Stage II: The lymphoma is in two or more lymph node regions 

on the same side of the diaphragm.
• Stage IIE: The lymphoma involves one organ and its regional 

lymph nodes (lymph nodes located near the site of the lym-
phoma), with or without lymphoma in other lymph node 
regions on the same side of the diaphragm.

• Stage II bulky: Either stage II or stage IIE applies; plus there is 
a mass in the chest. The mass is either larger than one-third the 
diameter of the chest or larger than 10 centimeters (cm). A 
centimeter is roughly equal to the width of a standard pen or 
pencil.

• Stage III: There is lymphoma in lymph node areas on both 
sides of the diaphragm, meaning above and below it.

• Stage IV: The lymphoma has spread to one or more organs 
beyond the lymph nodes. Hodgkin lymphoma usually spreads 
to the liver, bone marrow, or lungs [29, 30].
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3.6.2  Non-Hodgkin Lymphoma

3.6.2.1  Disease Overview
In 1865, Thomas Hodgkin was immortalized by his peer, Samuel 
Wilks, in the annals of medical literature through the eponymous 
use of the term “Hodgkin’s disease.” Consequently, it must have 
seemed logical for the medical community of the time to name the 
other, more heterogeneous group of neoplastic lymph node 
enlargements as non-Hodgkin lymphoma (NHL). NHL is not a 
single disease but rather a group of several closely related cancers, 
called lymphoid neoplasms. The most recent 2016 revision of the 
World Health Organization classification of lymphoid neoplasms 
estimates that there are at least 86 types of NHL. Although the 
various types of NHL share many common characteristics, they 
differ in certain features, including their appearance under the 
microscope, their molecular features and growth patterns, their 
impact on the body, and how they respond to different types of 
treatment [31].

3.6.2.2  Introduction and Epidemiology
Non-Hodgkin lymphoma (NHL) is the most common hemato-
logical malignancy worldwide, accounting for nearly 3% of can-
cer diagnoses and deaths, annual incidence around 545,000 new 
cases (Globocan 2020) in the world according to the International 
Agency for Research on Cancer (IARC). NHL is the seventh most 
prevalent cancer and has the sixth highest mortality among can-
cers in the USA. NHL accounts for 4% of US cancer diagnoses, 
and incidence has increased to 168% since 1975 (while survival 
has improved to 158%). NHL is more common among men, those 
>65  years old, and those with autoimmune disease or a family 
history of hematological malignancies. According to the latest 
World Health Organization (WHO) classification, the most com-
mon NHL in Western countries is DLBCL, accounting for around 
31% of adult cases. Other common aggressive B-cell subtypes 
include mantle cell lymphoma (MCL) (6% of cases) and BL (2% 
of cases). Among indolent B-cell NHL, FL accounts for 22% of 
cases in the Western world, followed by marginal zone lymphoma 
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(MZL) (8% of cases), chronic lymphocytic leukemia/small-cell 
lymphocytic lymphoma (CLL/SLL) (6% of cases), and lympho-
plasmacytic lymphoma (LPL) (1% of cases). Common T-cell 
lymphomas make up only 10–15% of NHL diagnoses and include 
peripheral T-cell lymphoma (PTCL) (6% of cases) and cutaneous 
T-cell lymphoma (CTCL) (4% of cases) [21].

3.6.2.3  Risk Factors
The exact cause of NHL is not known; however, the following 
factors may raise a person’s risk of developing NHL.

Age: 60s and 70s.

• Gender: Men are very slightly more likely to develop NHL 
than women.

• Bacterial infections: For example, mucosa-associated lym-
phoid tissue (MALT) lymphoma of the stomach is thought to 
be caused by an infection with bacteria called Helicobacter 
pylori.

• Viruses: the Epstein–Barr virus (EBV) is associated with some 
types of NHL (e.g., Burkitt lymphoma). Hepatitis C infection 
has been associated with an increased risk of marginal zone 
lymphomas of the spleen.

• Immune deficiency disorders: Immune system disorders, such 
as HIV/AIDS, increase the risk of NHL, especially the aggres-
sive B-cell lymphomas.

Autoimmune disorders

• Organ transplantation: Drugs that reduce immune system func-
tion in order to protect the transplanted organ from rejection 
raise the risk of NHL.

• Previous cancer treatment. Previous treatment with certain 
drugs for other types of cancer may increase the risk of NHL.

• Chemical exposure: Exposure to certain chemicals may 
increase the risk of NHL. This may include pesticides, herbi-
cides (like Agent Orange), and petrochemicals.
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• Genetic factors: These possible risks are being studied in ongo-
ing research.

• Breast implants: Having breast implants can increase the risk 
of breast lymphomas.

• Exposure to ionizing radiation: This can include exposure to 
radiation from atomic bombs, nuclear reactor accidents, and 
medical radiation therapy.

• Diet/weight: There is some inconclusive evidence that being 
overweight or having a diet filled with fatty foods or red meat 
may slightly increase the risk of lymphoma [32].

3.6.2.4  Symptoms and Signs
General symptoms:

• Enlarged lymph nodes in the abdomen, groin, neck, or under-
arms

• Enlarged spleen or liver
• Fever that cannot be explained by an infection or other illness
• Weight loss with no known cause
• Sweating and chills
• Fatigue

Examples of symptoms related to a specific tumor location:

• A tumor in the abdomen can cause a stretched belly or pain in 
the back or abdomen.

• An enlarged spleen may cause back pain and a feeling that the 
stomach is full.

• A tumor in the groin may cause swelling in the legs.
• A tumor in the underarms may cause swelling in the arms.
• If the lymphoma spreads to the brain, there may be symptoms 

similar to those of a stroke.
• A tumor in the center of the chest may press on the trachea and 

cause coughing, chest pain, difficulty breathing, or other respi-
ratory problems.
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Like we see in HL, in NHL some symptoms described above 
are called “B symptoms,” but according to 2014 Lugano 
Classification, these symptoms not necessarily change the way 
the lymphoma is treated.

• Unexplained weight loss of more than 10% of original body 
weight during the 6 months before diagnosis.

• Unexplained fever, with temperatures above 100.4 °F (38 °C).
• Drenching night sweats: Many people with Hodgkin lym-

phoma say their nightclothes or the sheets on the bed were so 
wet they needed to be changed during the night. Sometimes, 
heavy sweating occurs during the day [33].

3.6.2.5  Diagnosis
• Medical history and physical examination – detailed questions 

about medical history and a physical examination with perfor-
mance status, which can identify whether the person has expe-
rienced some typical symptoms of lymphoma (see Symptoms 
and Signs). Attention to node-bearing areas, including 
Waldeyer’s ring, and to size of liver and spleen.

• Biopsy. Having enough tissue in the biopsy sample is very 
important in making a diagnosis. Needle biopsy samples are 
rarely big enough to make a definite diagnosis of lymphoma. 
In most cases, a core biopsy or surgical biopsy is needed to 
correctly diagnose and classify the lymphoma.

• Computed tomography (CT or CAT) scan.
• Magnetic resonance imaging (MRI). MRI can be used to mea-

sure the tumor’s size.
• Positron emission tomography (PET) or PET-CT scan.
• Bone marrow aspiration and biopsy. Lymphoma often spreads 

to the bone marrow, so looking at a sample of the bone marrow 
can be important for diagnosing lymphoma and determining 
the stage. With certain types of lymphoma, these procedures 
may not be required if a PET scan has been done.

• Testing of the tumor. There are several types of molecular and 
genetic testing:
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• Cytogenetics and/or fluorescent in situ hybridization (FISH) 
studies healthy and abnormal chromosomes in dividing cancer 
cells (e.g., T(14;18) rearrangement of BCL6, deletion 1p36 
present in follicular lymphoma; translocation of MYC, BCL 2, 
and BCL6 present in diffuse large B-cell lymphoma (DLBCL)).

• Immunohistochemistry (IHC) is a special staining process to 
look at proteins on the surface of or inside the cancer cell (e.g., 
Panel: CD20, CD3, CD5, CD10, CD45, BCL2, BCL6, Ki 67, 
IRF4/MUM1, MYC, ALK, HHV8, SOX11 used in DLBCL).

• Polymerase chain reaction (PCR) detects specific DNA 
sequences that occur in some cancers.

• Extended molecular profiling is used to evaluate changes in 
specific genes in the tumor cells (e.g., next-generation sequenc-
ing (NGS)).

• Lumbar puncture: for patient at risk for CNS involvement.
• Laboratory tests: Blood tests may include a complete blood 

count (CBC) and an analysis of the different types of white 
blood cells, metabolic panel, uric acid, and lactate dehydroge-
nase (LDH).

• HIV and hepatitis B/C testing.

Some tests may be done if a person’s treatment plan includes 
chemotherapy.

Heart evaluation: a heart evaluation, including an echocardio-
gram (ECHO) or a multigated acquisition (MUGA) scan (impor-
tant for anthracycline-based chemotherapy).

Pregnancy test: for women of childbearing age.
Counseling for fertility: fertility preservation, smoking cessa-

tion, and psychosocial [34].

3.6.2.6  Non-Hodgkin Lymphoma Types
In the 2017 WHO classification, more than 80 mature lymphoma 
entities are recognized, grouped into three major categories: 
B-cell neoplasms, T-cell, and NK-cell neoplasms. Non-Hodgkin 
lymphoma is further classified by other factors, including whether 
it is aggressive (fast-growing) or indolent (slow-growing).

Aggressive lymphomas include:
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• Diffuse large B-cell lymphoma
• Anaplastic large-cell lymphoma
• Burkitt lymphoma
• Lymphoblastic lymphoma
• Mantle cell lymphoma
• Peripheral T-cell lymphoma

Indolent lymphomas include:

• Follicular lymphoma
• Cutaneous T-cell lymphoma
• Lymphoplasmacytic lymphoma
• Marginal zone B-cell lymphoma
• MALT lymphoma
• Small-cell lymphocytic lymphoma

Subtypes of B-Cell Lymphoma
Diffuse large B-cell lymphoma (DLBCL): DLBCL is the most 
common form of lymphoma. About 30% of NHL in the USA is 
DLBCL.  It is an aggressive form of NHL that involves organs 
other than the lymph nodes about 40% of the time. There are dif-
ferent types of DLBCL, including germinal center and activated B 
cells (ABC).

• Primary mediastinal B-cell lymphoma is often found in the 
mediastinum, the area of the chest cavity between the lungs. 
This type of lymphoma, which is more common in young 
women, may produce fast-growing tumors that may encom-
pass the mediastinum cavity and press on the airways and 
blood vessels.

• Primary central nervous system (CNS) lymphoma originates in 
the brain or spinal cord and may be found in patients with 
acquired immunodeficiency syndrome (AIDS) or those whose 
immune systems may be compromised, including organ 
 transplant patients. When primary CNS lymphoma originates 
in the eye, it is called ocular lymphoma.
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Double hit/triple hit lymphoma: This is a highly aggressive 
subtype, accounting for about 5% of cases. Rarely, low-grade fol-
licular lymphoma may also transform into double hit lymphoma. 
Double hit lymphomas have changes in the MYC gene and in 
either the BCL2 or BCL6 gene. Double hit lymphoma is often 
diagnosed in older adults. Triple hit lymphomas have changes in 
the MYC, BCL2, and BCL6 genes.

Follicular lymphoma: Follicular lymphoma is the second most 
common form of lymphoma in the USA and Europe. About 20% 
of people with NHL have this subtype. It usually begins in the 
lymph nodes, is most often indolent, and grows very slowly.

Mantle cell lymphoma: About 5–7% of people with NHL have 
mantle cell lymphoma. It most often appears in people older than 
60 and is much more common in men than in women. It usually 
involves the bone marrow, lymph nodes, spleen, and gastrointesti-
nal system, which includes the esophagus, stomach, and intes-
tines. Mantle cell lymphoma is identified by a protein called 
cyclin D1 or by a genetic change within the lymphoma cells 
involving chromosomes 11 and 14.

Extranodal marginal zone B-cell lymphoma of MALT: This 
type of lymphoma most commonly occurs in the stomach. 
However, it may also occur in the lung, skin, thyroid, salivary 
gland, or in the orbit, adjacent to the eye, or in the bowel. Patients 
with this type of lymphoma sometimes have a history of autoim-
mune disease, such as lupus, rheumatoid arthritis, or Sjögren syn-
drome. When MALT occurs in the stomach, it is sometimes 
caused by a bacteria called Helicobacter pylori.

Nodal marginal zone B-cell lymphoma: This rare type of indo-
lent lymphoma involves the lymph nodes. About 1% of people 
with lymphoma have this subtype.

Lymphoplasmacytic lymphoma: This is an indolent form of 
lymphoma, and 1% of people with NHL have this subtype. This 
form of lymphoma often involves the bone marrow, sometimes 
lymph nodes, and spleen. In many patients, this lymphoma 
 produces a protein, called an “M protein,” that is found in the 
blood. When this occurs, the condition is called Waldenstrom’s 
macroglobulinemia (WM).
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Burkitt lymphoma/Burkitt cell leukemia: This is a very rare 
and aggressive form of lymphoma. There are three forms of 
Burkitt lymphoma (endemic, sporadic, and immunodeficiency- 
related lymphoma).

The endemic subtype occurs most commonly in Africa, appears 
most often in the jawbones of children, and is usually associated 
with infection with EBV. It can also be associated with HIV. In the 
USA, Burkitt lymphoma sometimes appears with a mass in the 
abdomen, but it can affect many other parts of the body. Because 
this type of lymphoma spreads quickly, it needs immediate treat-
ment. This subtype often has abnormalities involving the MYC 
gene, which can contribute to cancer growth.

Subtypes of T-Cell and NK-Cell Lymphoma
Anaplastic large cell lymphoma, primary cutaneous type: This 
subtype of lymphoma only involves the skin. It is often indolent, 
although aggressive subtypes of the disease are possible.

Anaplastic large cell lymphoma, systemic type: This form 
makes up about 2% of all lymphomas and about 10% of all 
childhood lymphomas. In people with this subtype, an increased 
amount of the ALK-1 protein may be found in the cancer cells.

Peripheral T-cell lymphoma, not otherwise specified (NOS): 
This is an aggressive form of lymphoma. It is most common in 
people older than 60 and makes up about 6% of all lymphomas in 
the USA and Europe.

Angioimmunoblastic T-cell lymphoma: This is an aggressive 
form of lymphoma with specific symptoms (enlarged, often ten-
der, lymph nodes, fever, weight loss, rash, high levels of immuno-
globulins in the blood). Patients with angioimmunoblastic 
lymphoma have lowered immune system functions, so infections 
are also common.

Adult T-cell lymphoma/leukemia (human T-cell lymphotropic 
virus type I positive): This type of lymphoma is caused by a virus 
called the human T-cell lymphotropic virus type I. It is an aggres-
sive disease that often involves the bone and skin.

Extranodal NK/T-cell lymphoma, nasal type: This is an aggres-
sive type of lymphoma that is very rare in the USA and Europe in 
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general, but more common in Asian and Hispanic communities. It 
can occur in children or adults, most often involving the nasal area 
and sinuses. It can also involve the gastrointestinal tract, skin, the 
testicles, or other areas in the body.

Enteropathy-associated T-cell lymphoma: This type of lym-
phoma is rare in the USA but is more common in Europe. It is an 
aggressive form of T-cell lymphoma that involves the intestines.

Hepatosplenic T-cell lymphoma: This is an aggressive form of 
peripheral T-cell lymphoma that involves the liver and spleen. The 
disease occurs most often in teenaged and young men.

Mycosis fungoides: This is a rare T-cell lymphoma that pri-
marily involves the skin. It often has a very long and indolent 
course but may become more aggressive and spread to lymph 
nodes or internal organs [28, 32, 35].

3.6.2.7  Non-Hodgkin Lymphoma Staging
The same staging system used for Hodgkin lymphoma is used to 
NHL, the Lugano classification, which is based on the older Ann 
Arbor system. It has four stages, labeled I, II, III, and IV; the stage 
of Hodgkin lymphoma describes the extent of the spread of the 
tumor, but the suffixes A or B for symptoms will not be included 
for NHL (see Hodgkin Lymphoma Staging) [27, 36].

3.6.3  Multiple Myeloma

3.6.3.1  Introduction and Epidemiology
Multiple myeloma (MM) is the abnormal proliferation of clonal 
plasma cells within the bone marrow, known as plasma cells. 
Plasma cells are white blood cells, derived from B lymphocytes; 
it is responsible for the production and secretion of immunoglob-
ulins (Ig) G, A, D, E, or M protein (M for monoclonal) or part of 
these, the light chains k (kappa) and l (lambda) [37–39].

Abnormal proliferation leads to accumulation of M protein in 
the bone marrow, with IgG (50%) and IgA (20%) being more fre-
quent. The buildup reduces the normal production of blood ele-
ments, and then it causes bone destruction and pain by invading 
adjacent structures. Excess immunoglobulins in peripheral blood 
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reduce blood viscosity and fluidity, which causes hyper viscosity. 
The evolution of the disease leads to anemia, kidney failure, bone 
damage, and an increased risk of infections due to reduced immu-
nity [38–41].

It is an incurable disease which accounts for approximately 1% 
of oncological diseases and approximately 10% of malignant 
hematological diseases worldwide. According to the US 
Surveillance, Epidemiology, and End Results (SEER), in 2020 
they estimate 32,270 new cases of multiple myeloma in the USA, 
corresponding to 1.8% of all new cancer cases, with an annual 
incidence of approximately 7 per 100,000 men and women, with 
a relative survival of 53.9% at 5 years. There are about 176,000 
cases and 117,000 deaths per year attributed to the MM world-
wide [42, 43].

Multiple myeloma has a greater predominance in blacks, due 
to the higher prevalence of monoclonal gammopathy of undeter-
mined significance (MGUS) in this ethnicity and in males, with a 
mean age at diagnosis of 66 years and with only 2% of patients 
aged less than 40 years at diagnosis and so far, no reports in pedi-
atrics [38, 40, 41, 44].

Delay in the diagnosis of MM is common, partially due to non-
specific initial symptoms, which can lead to complications before 
treatment and increased risk of treatment failure, disease progres-
sion, and death [45, 46].

3.6.3.2  Pathogenesis and Risk Factors
Multiple myeloma (MM) is believed to have evolved from MGUS, 
which is an asymptomatic premalignant condition of clonal pro-
liferation of plasma cells. This condition is present among 3–4% 
of the population over 50 years of age, with a progression rate to 
MM or other malignant disease around 1% per year, making 
MGUS a risk factor for MM. The cause of the development of 
MGUS remains unclear, but it is believed that it occurs through 
cytogenetic anomaly which is probably caused by the response of 
plasma cells under antigenic stimulation [39, 47].

Other related risk factors are also reported such as heredity 
(risk 3.7 times increased if they have first-degree relatives with 
myeloma), chronic infectious antigenic stimulation caused by 
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HIV (human immunodeficiency virus), HCV (the virus of the 
hepatitis C) and HHV8 (Herpes Virus 8), exposure to ionizing 
radiation, occupational exposure of rural workers (not associated 
with benzene), nutritional factors (higher risk with a diet rich in 
liver and butter), and obesity. However, these related factors are 
conflicting, and there is a lack of significant data in literature, 
since most patients diagnosed with MM do not have any known 
risk factors [48].

3.6.3.3  Signs and Symptoms
MM can present considerable signs and symptoms, the most com-
mon being abbreviated in the acronym “CRAB” which stands for 
hypercalcemia, renal dysfunction, anemia, and bone lesions [37, 
44, 49].

Bone pain is one of the most reported symptoms at the time of 
MM diagnosis, with an incidence of 50–90% of patients, being 
generally located in the patient’s back and chest. Due to bone 
infiltration by malignant plasma cells, pathological fractures are 
present in 80% of patients at the time of diagnosis. The increase 
in tumor mass causes an increase in the production of osteoclast 
activating factors (lymphotoxin, tumor necrosis factor, hemato-
poietic growth factor, interleukins among others), leading to 
increased osteoclastogenesis and bone resorption, which in turn 
leads to increased serum calcium.

Anemia is present in 70% of patients at diagnosis due to the 
physical displacement of erythrocyte precursors and the specific 
inhibition of erythropoiesis by cytokines in the microenviron-
ment. Anemia may be important with symptoms of fatigue, 
angina, and dyspnea, or asymptomatic, detected through labora-
tory tests. Multiple myeloma anemia has normochromic and nor-
mocytic features, but it may present mild macrocytosis on blood 
count [39, 49, 50].

Hypercalcemia occurs in 13–30% of patients at the time of 
diagnosis and may cause confusion, polydipsia, disorientation, 
constipation, polyuria, nausea, irritability, and muscle weakness. 
Alternative causes of hypercalcemia should be discarded through 
laboratory tests for intact parathyroid hormone (PTH) and PTH- 
related peptide assays in order to exclude paraneoplastic hyper-
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calcemia. Suppressed PTH levels should raise the possibility and 
investigation for multiple myeloma [49, 50].

Renal failure is present in 20–40% of patients due to hypercal-
cemia or light chain deposition in the distal renal tubules. 
Detection occurs due to an asymptomatic elevation of serum cre-
atinine, and rarely due to the presence of oliguria or uremia [49, 
50].

Infection is one of the main causes of morbidity and mortality 
in patients with MM at diagnosis and during the course of the 
disease as a result of the impairment of the immune system [39].

3.6.3.4  Diagnosis
MM diagnosis is laborious due to the variety of symptoms and 
their similarity in several other diseases, the presence of unex-
plained symptoms such as bone fracture and/or bone pain in 
young people, hypercalcemia with normal PTH, anemia without 
the presence of bleeding, and renal failure without a previous his-
tory of diabetes or autoimmune diseases; it should raise aware-
ness of a possible diagnosis of MM [49].

The initial assessment of the MM diagnostic asks for a com-
plete blood count, serum albumin, β2-microglobulin, serum cal-
cium, renal function tests, serum and urinary protein 
electrophoresis with immunofixation, C-reactive protein, lactate 
dehydrogenase, serum monoclonal free light chains (FLC), 
24-hour protein collection with protein quantification, and bone 
marrow and image exam (computed tomography and/or magnetic 
resonance) to detect possible bone lesions [50–52].

Fluorescent in situ hybridization (FISH) analysis occurs after 
selection of CD138 plasma cells including at least t(4;14) and 
del17p, with t(14;16), 1q21 gain, and del (1p32) analysis also rec-
ommended [51, 52].

The evaluation of the monoclonal component, through labora-
tory tests, allows to verify the presence, type of abnormal protein, 
and amount present in the serum and/or urine, providing help in 
the diagnosis and evaluation of the response to treatment [37, 53].

For years, the diagnosis of MM required the presence of lesions 
in target organs, known as CRAB criteria (hypercalcemia, renal 
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dysfunction, anemia, and bone lesions). In 2014, the International 
Myeloma Working Group (IMWG) re-evaluated the criteria for 
diagnosis and included three biomarkers: clonal plasma cells in 
bone marrow greater than or equal to 60%, free light chain ratio 
(FLC) kappa or lambda greater than or equal to 100, as long as the 
FLC level is 100 mg/L or higher or focal lesion on MRI. This 
allowed diagnosis in patients without CRAB features and initia-
tion of treatment before severe organ damage. Computed tomog-
raphy (CT) and proton emission tomography (PET-CT) were also 
included to help in diagnosis [41, 50, 54].

3.6.3.5  Staging and Prognosis
The outcome of MM depends on biological differences, global 
burden of disease, and clinical status of the patient. To assess the 
individual prognosis of each patient, clinical scoring systems 
were developed, the first of which was the staging system by 
Salmon and Durie (1975), which used as biomarkers the degree of 
anemia, renal failure, serum calcium, component monoclonal, 
and bone involvement, correlating with the tumor mass. Afterward, 
it was found that the system was not able to adequately assess 
overall survival and disease-free time. With this, the International 
Staging System (ISS) emerged in 2005, which included the levels 
of β2-microglobulin, albumin, C-reactive protein, and the prolif-
erative activity of multiple myeloma cells as prognostic factors. 
Fluorescent in situ hybridization (FISH) and conventional karyo-
typing are also used for risk stratification [44, 51].

The Salmon and Durie, ISS, and R-ISS (revised ISS) systems 
are used in staging, and in the last two systems, β2-microglobulin, 
and albumin levels reflect the tumor burden, the presence of renal 
failure, the rate of turnover, and the nutritional and performance 
status of patients. The IMWG (International Myeloma Working 
Group) updated the ISS score to include high-risk cytogenetics [t 
(4; 14), t (14; 16), del17p, and serum lactate dehydrogenase. 
These risk factors are relevant for early progression after 
 autologous bone marrow transplantation. Conversely, the ISS and 
R-ISS provide prognostic information in the diagnosis of MM and 
not in cases of relapsed or refractory MM [51].
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3.6.3.6  Drug-Related Biomarkers
Drug-related biomarkers are being studied to predict treatment 
response, seeking efficacy, and reducing unnecessary toxicities. 
Recent pharmacogenomics studies revealed that genes could pre-
dict clinical outcomes after treatments with immunomodulatory 
drugs or bortezomib. The expression of the cereblon protein, an 
intracellular binding partner of immunomodulatory drugs, has 
been studied as a biomarker [51].

The studies used quantitative real-time PCR analysis, gene 
expression profiling, or immunohistochemistry to quantify cere-
blon expression, and the results showed that loss of cereblon 
expression was associated with resistance to immunomodulatory 
drugs. However, new analyses described mutations in the cere-
blon, causing limitations in the trials. When evaluating predictors 
for responses to daratumumab, higher expression of CD38 was 
found in patients who were responsive to treatment. However, 
good responses were also seen in patients with low CD38 expres-
sion, concluding that the level of CD38 expression was not pre-
dictive of response in advanced MM. Despite this result, attempts 
to evaluate agents that maintain increased CD38 upregulation are 
maintained, such as the use of trans-retinoic acid and histone 
deacetylase inhibitors [51].

The expression of BCL-2, BCL-XL, or MCL-1, which are 
anti-apoptotic proteins, measured by quantitative real-time PCR, 
predicts pharmacological responses to venetoclax, a BCL-2 inhib-
itor, which is active mainly in patients with translocations t [11, 
14]. Although this is not a routine test for defining treatment, fluo-
rescent in situ hybridization for t(11;14) should be requested if 
venetoclax is a treatment option. The evaluation of biomarkers, 
such as cereblon and CD38 protein expression, despite their prog-
nostic and predictive value, is not routinely evaluated in the treat-
ment of multiple myeloma [51].

3.6.3.7  Response Assessment
Correct evaluation of the MM can indicate the patient’s prognosis. 
Patients who have a complete response after induction have 
improved progression-free survival and overall survival after 
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treatment. In 2011, the IMWG updated the MM response criteria 
to include two new categories: strict full response and very good 
partial response [51].

Before the start of each treatment cycle, patients should be 
evaluated for their response to the proposed therapy. For patients 
with intact immunoglobulins, the recommended method of moni-
toring is serum and urinary M protein quantification. The interval 
between the evaluation of all serum and urinary parameters is at 
the physician’s discretion, taking into account the aggressiveness 
of the disease, organ involvement, and other relevant clinical fac-
tors [51].

Complete response to treatment is considered when the patient 
presents normalization of SFLC (serum free light chain) values, 
absence of plasma cell infiltration in the bone marrow, and nega-
tive immunofixation in serum and urine samples [51, 55].

Recurrence occurs when the patient who previously responded 
completely to the treatment presents the reappearance of the MM, 
while the progression refers to patients with an increasing burden 
of disease when compared to the diagnosis or persistent residual 
disease. Progression can be determined biochemically (an increase 
of an existing monoclonal peak) or through radiological and clin-
ical examinations. The evaluation of the response can be challeng-
ing, especially after treatment and response with the use of 
monoclonal antibodies, as these can interfere with the quantifica-
tion of the M protein, requiring more specific assays for the evalu-
ation [51].

3.6.3.8  Minimum Residual Disease
The treatment for MM has evolved in recent years due to the 
introduction of drugs with different mechanisms of action, better 
understanding of the disease, and improved diagnostic criteria, 
leading to longer patient survival [55].

Despite the evolution in survival with the introduction of drug 
combinations, bone marrow transplantation, post-transplant consoli-
dation, and prolonged maintenance, most patients present relapse, 
showing a persistent disease that requires new methods to detect and 
quantify the level of disease minimum residual (DRM) [44].
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MM often relapses due to residual MM cells, drug resistance, 
and/or persistence of resistant dormant subclones. MRD can be 
detected through multipara flow cytometry, polymerase chain 
reaction (PCR), or state-of-the-art sequencing to identify clonal 
cells [51].

Flow cytometry can identify malignant plasma cells and abnor-
mally expressed cell surface markers in up to 90% of patients by 
analyzing a bone marrow sample. Technical advances have 
increased the sensitivity of cytometry to the range 10–6. The big-
gest challenges of this MRD analysis using flow cytometry are the 
heterogeneous infiltration of the biopsy and the dilution of periph-
eral blood, which can make the sample unfeasible [51].

By PCR, DRM analysis detects residual tumor cells by ampli-
fying a tumor-specific molecular marker, with IGH (immunoglob-
ulin heavy chain gene) being used in various B cell diseases. 
Allele-specific oligonucleotide PCR with primers complementary 
to the heavy chain variable sequence is a sensitive approach to 
detect residual malignant plasma cells. However, it becomes a 
laborious and time-consuming method as it requires patient- 
specific primers and probes for quantitative PCR, which are not 
always available [51].

Next-generation sequencing of IGH segments allows evaluat-
ing the functioning of the B lineage with consensus primers. The 
B lineage repertoire includes a malignant plasma cell clone, 
allowing next-generation IGH sequencing to quantitatively deter-
mine MRD without patient customization, provided the malignant 
clone has been identified in a diagnostic or collection sample per-
formed with the active disease. The lack of standardization and 
limited commercial availability are the main restrictions for this 
procedure [51].

The third approach to assessing MRD is PET-CT and MRI 
imaging. The studies showed that patients with negative PET-CT 
after induction treatment and autologous stem cell transplantation 
had better progression-free and overall survival when compared 
to patients with positive PET-CT (52 versus 38 months and 5-year 
estimates of 90% versus 71%, respectively). The advantage of 
PET-CT compared to other approaches is its ability to assess 
MRD outside the bone marrow. Disadvantages are high cost, 
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insufficient standardization, and reduced tracer uptake capacity in 
some patients [51].

DRM testing is not recommended for routine follow-up of 
patients with MM, but will likely be included in the standard 
response and progression assessment soon. Current alternatives 
for evaluating MRD are next-generation flow cytometry (bone 
marrow cells) or next-generation sequencing (molecular analy-
sis), which can be combined with imaging evaluation [51].

In the future, DRM could be used to guide treatments and 
probably as a marker for progression-free survival and overall 
survival [51].

3.6.4  Myelodysplastic Syndrome

3.6.4.1  Introduction and Epidemiology
During formation, some cells can be abnormal, and this process is 
called “dysplastic,” while the term “myelodysplastic” was used 
for the first time by a French–American–British (FAB) group to 
describe abnormalities during the formation of myeloid cell. 
Myelodysplastic syndrome (MDS) represents a very heteroge-
neous group of myeloid disorders and increased risk of transfor-
mation to acute myelogenous leukemia (AML) [56, 57]. MDS 
main characteristics include clonal stem cell proliferation, recur-
rent genetic abnormalities, myelodysplasia, ineffective hemato-
poiesis, and peripheral blood cytopenia [58].

It can be clinically classified based on the underlying cause. 
Primary MDS occurs when MDS is diagnosed, and its cause can-
not be related to treatment, or the patient has no history of cyto-
toxic therapy or radiotherapy. On the other hand, secondary MDS 
is when the cause of the disease is related to prior cancer  treatment, 
and it was included in WHO classification as therapy- related 
myeloid neoplasms (t-MN) [59].

t-MN cover many malignant disorders previously described as 
therapy-related myelodysplastic syndrome (t-MDS) or therapy- 
related acute myeloid leukemia (t-AML). It is characterized by a 
result of complication based on exposure to cytotoxic agents, in 
special by alkylating agents and topoisomerase-II inhibitors [60].
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MDs frequently affects more males than females and is rare 
among children/adolescents and young adults, with an incidence 
rate of 0,1 per 100,00 people per year in those age groups, and the 
risk increases with aging. The average age of patients is 70 years, 
with crude incidence between 4 and 5 cases per 100,000 seniors 
per year, and it will likely be higher due to underreporting records 
[59, 61].

3.6.4.2  Risk Factors
The exposure to some risk factors may lead the pathologies devel-
opment. Here we identify some of those literature described fac-
tors which may be related to the MDS development.

Age: aging is one of the most important risk factors for a lot of 
pathologies, and it is not different for MDS, once the prevalence 
in young people (less than 50 years) is uncommon and most cases 
are found in elderly (more than 70  years). Over the years, we 
accumulate somatic mutations, and these molecular changes can 
co-operate with some pathology’s genesis [62].

Sex: MDS affects more men than women. Even though the 
mechanism remains unclear, the increased risk in men may be 
related to lifestyle and exposure to certain chemicals in the past.

Cancer treatment: Patients who have been treated with some 
chemotherapy drugs have an increased probability to develop sec-
ondary MDS.  Procarbazine, chlorambucil, cyclophosphamide, 
ifosfamide, etoposide, teniposide, and doxorubicin are some 
drugs that can lead to MDS. These drugs can cause DNA muta-
tions that isolated may not lead to secondary MDS carcinogene-
sis, however this factor associated with previous chemotherapy 
and the accumulated doses that were given to the patient over the 
years can contribute to the develop of a t-MN [60].

Genetic syndromes: The advent of easy access to molecular 
panels made easier to know how hereditary predisposition can 
lead to the development of MDS. People who carry some inher-
ited syndromes are more willing to develop MSD.  These syn-
dromes may present mutation in one or more well-described 
genes loci that can affect the outcome of primary MDS patient 
[63]. Examples of syndromes include:
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• Fanconi anemia (FA)
• Shwachman–Diamond syndrome (SDS)
• Diamond–Blackfan anemia (DBA)
• Familial platelet disorder with a propensity to myeloid malig-

nancy
• Severe congenital neutropenia
• Dyskeratosis congenita

Familial MDS: In some families it is difficult to understand the 
cause of MDS; sometimes a gene mutation in a family can be 
related to the MDS, but in other cases, this relationship is not 
clear. Some guidelines have proposed screening newly diagnosed 
myeloid malignancy for further referral for genetic counseling 
and genetic testing.

Smoking: We already know that smoking can cause cancer 
almost anywhere in our body even though these parts are not 
directly in contact with the smoke, as it could happen to passive 
smokers (secondary smokers). Smoking in MSD is not different; 
a lot of substances are absorbed by blood as it passes through the 
lungs and can directly affect these cells. People who are in contact 
with the burning of a cigarette as well as the people who inhale the 
breathed-out smoke from smoker can be classified as secondary 
smokers, and these people are liable to suffer DNA mutation and 
consequently development of a tumor [64].

Environmental exposures: The exposure to some environmen-
tal factors, such as benzene and ionizing radiation, suggests that 
they may be involved in the development of MDS. Other types of 
exposure, such as pesticides and solvents, should be analyzed 
since some professional categories, as agricultural and textile 
workers, have more probability to develop MDS [65, 66].

3.6.4.3  Signs and Symptoms
It is important to know that signs and symptoms can vary from 
patient to patient, and even other pathologies can present signs 
and symptoms similar to MDS.

The signs and symptoms tend to reflect the lineage most 
affected and may include:
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• Fatigue.
• Weakness.
• Easy bruising or bleeding.
• Bone pain.
• Fever.
• Shortness of breath.
• Frequent infections.

3.6.4.4  Detection
Nowadays we know that some medications and viral infections 
may cause morphologic chances in marrow cells, leading these 
cells to be like MDS cells. To be more assertive in the MDS diag-
nosis, the physician must carefully evaluate some features like 
count and peripheral blood smear, marrow morphology, cytoge-
netics, duration of abnormal blood counts, causes of cytopenia, 
and concomitant illness.

To maintain a pattern during the MDS diagnosis, an interna-
tional working group (IWG) defined minimal diagnostic criteria 
for this disease that includes two prerequisites: [1] constant cyto-
penia (it should last more than 6 months in at least one of the fol-
lowing lineages: erythroid cells, neutrophil granulocytes, and 
platelets; in case of bilineage dysplasia or specific karyotype, only 
2  months of stable cytopenia are needed) and [2] exclusion of 
other factors that can lead the patient to have cell dysplasia and 
abnormal blood cell count.

Beyond the prerequisites, the diagnosis of MDS requires one 
of the following decisive criteria:

 1. Dysplasia (≥10% in more than one major bone marrow lin-
eages).

 2. Blast cell count of 5–19%.
 3. Abnormality in typical cytogenetic of MDS.

Other co-criteria may be used in patients with MDS features, 
but they show questionable results (chromosome aberration, bor-
derline percentage of dysplasia, and blast count). This comple-
mentary test may include mutation analysis, flow cytometer, gene 
chip analysis, and others [61, 67]. If these tests are not available 
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or results are negative, the diagnosis of MDS should not be estab-
lished, and the standard recommendation for this situation is to 
repeat diagnostic tests after some time interval.

Diagnostic problems in MDS
Since the diagnostic factors are guided by morphological aspects, 
patients who have questionable results can be misclassified as 
MDS, and this situation directly affects patients’ treatment and 
outcome.

For patients who have cytopenia, it is recommended other tests 
that allow the right diagnostic of cytopenia. If other diagnoses 
were already discarded, it is not possible to identify the cause, and 
the patient does not have dysplasia, it can be classified as idio-
pathic cytopenia of undetermined significance (ICUS). Part of 
these patients have cytogenetic abnormalities and may carry 
somatic mutations [68]. Patients in this context of cytopenia and 
somatic mutations can be considered a clonal cytopenia of unde-
termined significance (CCU).

Differently of ICU and CCU, patients without evidence of 
hematological disorder but with somatic mutations on blood cells 
can be classified as clonal hematopoiesis of undetermined poten-
tial (CHIP). Thus, an isolated identification of a cytogenetic alter-
ation without cytopenia and dysplastic changes in bone marrow 
should be interpreted with caution as it does not necessarily rep-
resent a pre-MDS or leukemia phase [69].

For some authors, the classification above is considered as a 
precursor of MDS, once approximately 25% of patients with ICU 
may develop MDS or AML and the probability gets higher when 
it involves somatic mutations, mainly in the presence of highly 
predictive mutation patterns [70, 71].

3.6.4.5  Staging and Differentiation
To propose an adequate treatment for MDS patient, it is necessary 
to correctly stratify the patient based on the sum of disease and 
patient-related particularities. Finding the correct algorithm for 
the patient can often be an arduous task that can take time and 
effort. Knowing the evolution of classification system and their 
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nuances is necessary for the correct clustering of the patient and 
establish score system that can predict patient’s prognosis.

In 1982 was born the first useful classification system; that was 
proposal for the French-American-British (FAB) cooperative 
group, and their classification was mainly based on morphologic 
features [72].

Over time, other criteria were needed to explain some events, 
and it is in this context that WHO updated the FAB classification, 
including some issues and excluding others. Nowadays WHO 
system recognizes six main types of MDS:

• MDS with multilineage dysplasia (MDS-MLD): Cytopenia in 
at least one blood cell, dysplasia in at least 10% of cells in two 
or more lineages in the bone marrow, less than 15% of sidero-
blasts or less than 5% of sideroblasts in bone marrow (if the 
cells are mutated in SF3B1 gene), and less than 5% of blast in 
bone marrow.

• MDS with single lineage dysplasia (MSD-SLD): Cytopenia in 
one or two blood cells, dysplasia in at least 10% of cells in one 
lineage in the bone marrow, less than 15% of sideroblasts or 
less than 5% of sideroblasts in bone marrow (if the cells are 
mutated in SF3B1 gene), and less than 5% of blast in bone 
marrow.

• MDS with ring sideroblasts (MDS-RS): Cytopenia in one or 
two blood cells, more than 15% of erythroid precursor with 
ring sideroblasts in bone marrow or more than 5% of erythroid 
precursor with ring sideroblasts in the bone marrow (if the 
cells are mutated in SF3B1 gene). This condition can be 
divided into two types based on the number of cell types that 
are affected by dysplasia:

 – MDS-RS with single lineage dysplasia (MDS-RS-SLD): 
Dysplasia in one cell type

 – MDS-RS with multilineage dysplasia (MDS-RS-MLD): 
Dysplasia in more than one cell type

 – MDS with excess blasts (MDS-EB): Cytopenia in at least 
one blood cell, dysplasia in at least 10% of cells in one or 
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more lineage in the bone marrow (some cases dysplasia 
may not happen). This condition has blasts in peripheral 
blood or bone marrow; because of this it can be divided in 
two types based on the count and blast location:

 – MDS-EB1: 5–9% of blasts in bone marrow or 2–4% in the 
blood

 – MDS-EB2: 10–19% of blasts in bone marrow or 5–19% in 
the blood

• MDS with isolated del(5q): Cytopenia in at least one blood 
cell, dysplasia in at least 10% of cells in one or more lineages 
in the bone marrow, less than 5% of blast in bone marrow, and 
this condition is characterized by the bone marrow cells show-
ing a missing part of chromosome 5.

• MDS unclassifiable (MDS-U): Cytopenia in at least one 
blood cell, dysplasia in at least 10% of cells in one or more 
lineage in the bone marrow and less than 5% of blasts in bone 
marrow [73].

The types of MDS were classified based on the number of dys-
plastic lineage, number of lineage with cytopenia, ring sidero-
blasts in erythroid elements of bone marrow, percentage of blasts, 
and cytogenetics.

3.6.4.6  Risk Stratification
The prognosis of MDS patients is heterogeneous, and prognostic 
tools are necessary, helping physicians in stratifying patients’ risk 
and to choose the appropriate therapy, consequently improving 
outcomes.

The International Prognostic Scoring System (IPSS) is a tool 
created in 1997 that presents high reproducibility, is very easy to 
use, and has a fundamental importance once it allowed patient’s 
prognostic for many decades [74], being widely used to indicate 
allogenic bone marrow transplantation. With the evolution of 
MDS, some limitations were identified, mainly the prognostic of 
low-risk patients. It leads to a tool update in 2012, when the 
Revised International Prognostic Score (IPSS-R) was launched, 
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with different cut off for many features and attributing better 
weights for cytogenetics based on the last version. Both versions 
were developed for primary MDS patients, limiting the use of the 
tool.

IPSS-R consider the following factors:

• Cytogenetics: poor prognosis is associated to high risk or mul-
tiple abnormalities.

 – Very good, e.g., del(11q)
 – Good, e.g., del(5q), del(12p)
 – Intermediate, e.g., del(7q), +8, +19
 – Poor, e.g., − 7, inv. [3]/t(3q)/del(3q)
 – Very poor, more than 3 abnormalities

• Percentage of blast in bone marrow: worse prognosis for 
greater count of blasts.

• Cytopenia: poor prognosis associated with hemoglobin <8 g/
dL (< 80 g/L), platelets count <50.000/mcL (< 50 × 10 [9]/L), 
and absolute neutrophil count (ANC)  <  800/mcL (0,8  ×  10 
[9]/L) [75, 76].

Trying to overcome IPSS and IPSS-R limitations, MD 
Anderson Cancer Center developed the global MDACC model 
(adding patient’s age and performance status), allowing the evalu-
ation of all patients that are considered as MSD at any time of 
disease natural course [77], and MDACC MDS lower risk prog-
nostic model that may improve prognostication in patients with 
low risk MDS [57, 78]. Moreover, WHO developed the WHO 
prognostic Scoring System (WPSS) that incorporates WHO clas-
sification as well as the presence or not of transfusion dependence 
[79].

All the described tools have limitations and may not correctly 
stratify a determined population. Due to this fact other criteria 
have been studied to be incorporated in these tools.

The selection criteria for the tool will depend on the variables 
available at the moment of patient stratification as well as clinical 
practice of each physician.
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Allogenic Stem-Cell Transplantation
Despite the fact transplantation is a high-risk mortality treatment 
and not all the patients are eligible for this kind of treatment, allo-
genic stem-cell transplantation can offer a curative option for 
MDS patients [80, 81], in comparison with other therapies that 
may prolong survival [82].

During diagnosis and risk stratification phase, physicians must 
analyze patient’s eligibility for transplantation. Some authors 
consider patients stratified as high risk MDS with good perfor-
mance status e no or few coexisting conditions as the best candi-
dates for transplantation, while patients with low risk, poor 
performance status and coexisting comorbidities should consider 
other therapies [83].

3.6.4.7  Molecular Considerations
As we already saw in this chapter, gene sequencing improves 
diagnostic and prognostic process. The literature shows some 
studies describing the mutational landscape of MDS and its poten-
tial prognostic and therapeutic implications. Genes frequently 
mutated in MDS, grouped based on their cell’s role, include:

• Signal transduction: JAK2, KRAS, CBL.
• DNA methylation: DNMT3A, TET2, IDH1/2.
• Transcriptional regulation: EVI1, RUNX1, GATA2.
• Chromatin modification: EZH2, ASXL1.
• RNA splicing: SF3B1, U2AF1, SRSF2, and ZRSR2 [84].

Mutations in genes RUNX1, TP53, and EZH2 have been 
associated with poor prognosis [84–89], while mutations on 
SF3B1 are associated with favorable outcomes [84–86, 89]. 
Thus, during the treatment choice, analysis of the cytogenetic 
and molecular profiling has been shown crucial. For example, 
patients with mutation on TP53 gene were recently associated 
with high response rate to decitabine protocol, while mutations 
on TET2 have shown higher responses on azacytidine protocols 
[85, 90, 91].
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4.1  Introduction

Chemotherapy is one of the treatment modalities for cancer. It can 
be used with curative intent (aiming at eradicating the tumor), 
disease control (aiming at preventing the tumor from growing and 
developing, providing greater quality and life expectancy to the 
patient), or palliative (aiming at greater control of symptoms and 
a better quality of life to the patient).

Cancer cells differ from healthy cells by their ability to grow 
fast and disorderly, bypassing stages of cell cycle control 
(Fig.  4.1). These stages are checkpoints that repair the damage 
that has occurred or induce the cell to apoptosis if the error is 
irreparable [1].

Cytotoxic chemotherapeutic agents act by disrupting the cell 
cycle through various mechanisms. They can have specific action 
at some stage of the cell cycle, or not be phase-specific. Due to its 
systemic action, it also affects healthy cells that grow rapidly such 
as nail, hair, and mucous membrane cells [1]. From this mecha-
nism, we can understand the toxicity caused by this class of drugs.
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Chemotherapy can be adjuvant (when it is used after some pre-
vious treatment, such as surgery, aimed at reducing relapse due to 
micro-metastatic disease) or neoadjuvant (when it is performed 
before surgery, aiming at reducing the size of the tumor for a more 
conservative surgery and better recovery) [1].

In this chapter we will talk about the drugs used in this thera-
peutic modality. Fig. 4.1 is a representation of the cell cycle and 
each of its phases.

Cycle
Cell

G2

G1

G0

S

M

Interphase

Fig. 4.1 Cell cycle. Interphase: The longest phase of the cell cycle. Cell 
grows in size and copies its DNA. In G0 the cell is at rest; in G1 there are a 
cell growth, RNA, proteins, and organelle synthesis; in S there is a division of 
genetic material and DNA duplication; in G2 there is reorganization of cell 
content and preparation for mitosis. Mitosis (M): DNA separation and cyto-
plasm division, with consequent formation of two new cells
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4.2  Alkylating Agents

Alkylating agents were discovered in 1942 through the mustard 
gas used during World War I and World War II. At that time it was 
noticed that this substance caused leukopenia in soldiers who had 
contact with this gas, and from then onwards, its mechanism of 
action, toxicities began to be better studied, and several drugs for 
the treatment of cancer were developed [2].

It is a class of drugs that cause DNA damage by promoting its 
alkylation. They are non-specific cell cycle agents [2, 3].

Due to DNA damage, although it rarely occurs, the use of 
alkylating agents can cause leukemia. The risk is dose-dependent, 
that is, the higher the total dose, the higher the risk [3].

Currently, they are used as conditioning for hematopoietic 
stem cell transplantation, in addition to the treatment of various 
types of cancer, such as lung, breast, ovary, multiple myeloma, 
and sarcoma [3].

We will see below its subclasses and representatives.

4.2.1  Nitrogen Mustards

• Bendamustine: It acts by crosslinking DNA strands, resulting 
in their degradation. It is active against resting and dividing 
cells. It has moderate emetogenic potential. It can cause severe 
myelosuppression and anaphylactic reactions, in addition to 
tumor lysis syndrome, which usually occurs in the first course 
of treatment. It is recommended not to be used in patients with 
ClCr<40 mL/min [4–6].

• Cyclophosphamide: It forms crosslinks with the DNA of tumor 
cells, causing an imbalance in the RNA and protein synthesis, 
inducing cell death. It is metabolized by the liver and has uri-
nary and partially fecal excretion if administered orally. It has 
moderate emetogenic potential at doses less than or equal to 
1500  mg/m2, and high emetogenic potential at doses higher 
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than 1500 mg/m2. It is a drug with potent immunosuppressive 
action, which it has been used in several protocols for bone 
marrow transplants after stem cell infusion [4–6].

One of the main reactions that should be monitored with the 
use of cyclophosphamide is hemorrhagic cystitis. This occurs due 
to the accumulation of acrolein, a toxic metabolite of cyclophos-
phamide, which accumulates in the urinary tract. To avoid this 
reaction, it is necessary to use mesna, a detoxifying agent that 
reduces the deposition of acrolein in the bladder [7]. Intense 
hydration should also be used to prevent this reaction, which is 
considered only in patients with a need for fluid restriction.

High doses of cyclophosphamide can cause cardiotoxicity and 
cardiac dysfunction (CHF, cardiac necrosis, hemorrhagic myocar-
ditis, pericardial effusion, acute heart failure that can manifest 
from 1 to 10 days of treatment), in addition to pulmonary fibrosis 
[4, 5].

• Chlorambutil: Oral medicine. It acts by forming crosslinks 
with DNA, inhibiting its synthesis and functionality. It is 
metabolized by the liver, excreted in urine, and is not dialys-
able. Its chronic use can cause myelocytic leukemia and sec-
ondary malignancies. It is important to monitor liver function 
tests, blood count, and uric acid level during treatment. It has 
low emetogenic potential and high myelosuppressive poten-
tial. It is suggested that it be ingested on an empty stomach 
[4–6].

• Ifosfamide: It acts after being activated by hepatic microsomal 
enzymes. It destroys and blocks DNA synthesis, causing its 
strands to break. It is a synthetic analogue of cyclophospha-
mide, so it can also cause hemorrhagic cystitis and cardiotoxic-
ity. Neurotoxicity, encephalopathy, confusion, and coma due to 
CNS toxicity may also be associated with therapy. It has 
hepatic metabolism (acrolein is one of its metabolites), renal 
excretion, and moderate emetogenic potential [4–6].

• Mechlorethamine: It inhibits DNA and RNA synthesis through 
the formation of carbon ions; it causes changes in DNA strands 
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(inter- and intra-strand cross-linking) promoting coding break-
age and replication failure. It has rapid and extensive metabo-
lism, and urinary excretion. Some adverse effects are 
coagulation disorders, hyperuricemia, and dermatitis. It has 
high emetogenic potential [4–6].

• Melphalan: Derived from mechlorethamine. It has fecal and 
urinary excretion, and the half-life time for intravenous admin-
istration is approximately 75 minutes, while for oral presenta-
tion is 60–120 minutes. It is not dialyzable and has moderate 
emetogenic potential. Some of the adverse effects are myelo-
suppression and mucositis [4–6].

Cryotherapy is widely used to reduce the incidence and dura-
tion of oral mucositis caused by the use of melphalan; patients 
suck ice or ice cream or put cold water in their mouths before, 
during, and after infusion of the medication [8, 9]..

4.2.2  Nitrosureas

They are alkylating drugs with known action in the central ner-
vous system, as they cross the blood-brain barrier. Therefore, they 
are effective for the treatment of some brain tumors [3].

The representatives of this class are:

• Fotemustine: It acts by inhibiting DNA synthesis and has a 
chelating and carbamylating effect. It has low emetogenic 
potential at doses above 150  mg/m2, and minimal at doses 
below this; it has easy tissue penetration and high plasma 
clearance. Some of its most common reactions are paresthesia, 
anemia, leukopenia, thrombocytopenia, and elevated transami-
nases [4, 6].

• Streptozocin: It acts by inhibiting DNA synthesis. It is believed 
to present some specificity for endocrine cells from pancreatic 
tumors. It has liver metabolism and urinary excretion. It often 
causes severe nausea, nephrotoxicity, and neurological reac-
tions (confusion, lethargy, depression). There are also reports 
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of changes in glucose metabolism in some patients. It has high 
emetogenic potential [4–6].

• Lomustine: It alkylates DNA strands, generating inhibition of 
DNA, RNA, and proteinsynthesis, in addition to amino acid 
carbamylation. It has hepatic metabolism, 50% renal excre-
tion, and < 5% fecal. It is recommended that pulmonary func-
tion tests be performed before starting therapy, and that this 
should be repeated frequently, as this may cause late pulmo-
nary toxicity; it is contraindicated for patients with pulmonary 
fibrosis. It is an oral medication, which should be administered 
on an empty stomach, and you should ingest food/drinks about 
2 hours after administration. It has moderate to high emeto-
genic potential [4–6].

• Carmustine: its action occurs through its metabolites, which 
inhibit several enzymes involved in the formation of 
DNA.  Furthermore, it also interferes with the synthesis of 
DNA, RNA, and proteins by breaking down their strands. In 
high-dose therapies, it can cause hypotension due to the alco-
hol contained in its composition as a diluent; in addition, pul-
monary toxicity is dose dependent, that is, the risk increases 
with cumulative doses >1400 mg/m2. Some adverse reactions 
are myelosuppression, reversible increases in liver parameters 
(bilirubin, alkaline phosphatase, and AST), seizures, and hemi-
plegia. It has urinary excretion [4, 5].

4.2.3  Triazenes

• Dacarbazine: It’s a non-classic alkylating. It causes double- 
strand DNA breaks, leading to apoptosis of the cell. It has 
hepatic metabolism, and its excretion is approximately 40% in 
the urine. Its emetogenic potential is high. There is recommen-
dation for dose adjustment for renal dysfunction and  monitoring 
of liver function. Hematological toxicity is the most common 
toxicity [4–6].

• Temozolomide: It is an imidazotetracene, chemically trans-
formed in the systemic circulation at physiological pH, forming 
the active compound MTIC (monomethyl-triacenoimidazole-
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carboxamide), which has cytotoxic activity. Its excretion is via 
urine, and women may have approximately 5% lower temo-
zolomide clearance (adjusted for body surface area) than men 
[10]. It has moderate/high emetogenic potential when used at 
doses above 75  mg/m2, and low when used in doses below 
75 mg/m2. It can cause severe hepatotoxicity and viral infec-
tions, mainly due to Pneumocystis jirovecii pneumonia, with a 
higher proportion in patients using corticosteroids. It is an oral 
medicine, and it is suggested to take away from meals or at 
bedtime to reduce emetogenic effects [4–6].

4.2.4  Alkyl Sulfonate

• Busulfan: Interferes with normal DNA function by alkylation 
and crosslinking of DNA strands. It reacts with the N-7 posi-
tion of guanosine and interferes with DNA replication and 
RNA transcription. Busulfan has a more prominent effect on 
myeloid cells than on lymphoid cells [10]. Low emetogenic 
potential. The high doses used in conditioning for hematopoi-
etic stem cell transplantation can cause tonic-clonic epileptic 
seizures that can occur up to 24 hours after the last dose of 
Busulfan. Therefore, there is an indication for the use of pro-
phylactic anticonvulsant therapy (phenytoin, levetiracetam, 
benzodiazepines, or valproic acid), which should be started 
24 hours before the first dose of Busulfan and maintained for at 
least 24 hours after the last dose. Other important aspects are 
attention to hypoalbuminemia, monitoring of liver function, 
and signs/symptoms of veno-occlusive disease, due to the 
increased risk of VOD due to its use [4–6].

4.2.5  Platinum Coordination Complexes

• Cisplatin: composed of a heavy metal complex containing a 
central platinum atom. It acts through bonds between the 
strands (intra and interstrand) of DNA, altering its synthesis, 
function, and inhibiting transcription. Its excretion is urinary 

4 Drugs Used in Chemotherapy



128

(90%) and fecal (10%). It poses a risk of cumulative nephro-
toxicity, especially if used concomitantly with aminoglycoside 
antibiotics; intense pre-hydration (1 to 2 L intravenously asso-
ciated with magnesium sulfate), and mannitol is used to stimu-
late diuresis. It has a high emetogenic potential [4–6].

• Carboplatin: part of a more modern generation of platinum 
analogues. Its mechanism is by changing the structure of DNA, 
through crosslinks in its strands. It is structurally similar to 
cisplatin, with a central platinum atom, but it has less renal, 
neurological, and gastrointestinal toxicity [4]. It has moderate 
emetogenic potential [6]. In some protocols, when the patient 
does not tolerate the use of cisplatin (e.g., cases of limiting 
renal toxicity), carboplatin can be assessed and also prescribed 
[4–6].

• Oxaliplatin: its mechanism of action is through the inhibiting 
of DNA synthesis and replication, in addition to interfering 
with the synthesis of RNA and cellular proteins. Just like cis-
platin, it produces covalent bonds that lead to the formation of 
interfilament and intrafilament bridges in DNA. It has moder-
ate emetogenic potential, urinary excretion, and is not dialyz-
able. Some of the most common reactions are peripheral 
neuropathy, anemia, fatigue, thrombocytopenia, and fever; 
some reactions to a lesser extent, but which should be 
 considered are cardiovascular toxicity, posterior reversible leu-
koencephalopathy syndrome, and rhabdomyolysis [4–6].

4.2.6  Other Alkylating Agents

• Estramustine: Its mechanism of action is not yet fully eluci-
dated. It combines the effects of estradiol and nitrogen mus-
tard, in addition to having characteristics of a microtubular 
agent because it binds to proteins associated with microtu-
bules, preventing the normal function of tubulin. It promotes a 
reduction in plasma testosterone levels and an increase in 
estrogen levels. It has moderate/high emetogenic potential. It 
has hepatic metabolism and fecal excretion. Some of the most 
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common adverse reactions are edema, breast tenderness, gas-
trointestinal reactions, and dyspnea. Its administration is orally, 
and the capsule should be ingested away from meals, as 
absorption is decreased when administered with meals, with 
milk or calcium-rich medicines [4–6].

• Lurbinectedin: An agent that selectively inhibits the RNA 
polymerase II enzyme, affecting the active transcription of 
encoding genes and inducing cell apoptosis. It is believed to 
cause dysregulation of cytokine synthesis associated with 
tumor growth by preventing oncogenic transcription in macro-
phages. It is hepatically metabolized by CYP3A4 and excreted 
by feces (89%) and urine (6%). There is a strong recommenda-
tion for the use of pre-medicating the patient with antiemetics. 
It can cause severe hepatotoxicity; therefore it is suggested that 
liver function tests be performed before prior to initiation of 
treatment and during use as needed. Some of the most common 
adverse reactions are myelosuppression, fatigue, increased 
blood glucose, and dyspnea. It may cause peripheral neuropa-
thy (11%). Extreme caution should be exercised with drug 
interactions with inhibitors and inducers of CYP3A4, due to 
the increase and decrease, respectively, of systemic exposure 
of lurbinectedin [4, 5].

• Procarbazine: Oral alkylating agent, derived from methylhy-
drazine. It acts by inhibiting the synthesis of proteins, DNA, 
and RNA; it can suppress mitosis and directly damage DNA. It 
has hepatic and renal metabolism, and urinary excretion. It has 
moderate/high emetogenic potential, and some of its adverse 
effects are myelosuppression, neurotoxicity (CNS and periph-
eral neuropathy), and liver dysfunction. It can be given as a 
single dose or divided into 2 or 3 daily doses. It is important to 
monitor adherence to treatment, and guide the patient to avoid 
consumption of alcohol and foods rich in tyramine (procarba-
zine has MAO-inhibiting activity) [4–6].

• Treosulfan: An alkylating agent similar to Busulfan, differing 
from it by the presence of two hydroxyl groups in its structure. 
It acts by enzymatic conversion to an active epoxide compound 
that reacts with the nucleophilic centers in the DNA via alkyla-
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tion. It has active epoxide L-diepoxybutane metabolism and 
urinary excretion. As more serious adverse events, it can cause 
cardiomyopathy, alveolitis, and pulmonary fibrosis [4].

• Thiotepa: It is pharmacologically similar to mechlorethamine. 
It reacts with phosphate groups to inhibit the synthesis of pro-
teins, DNA, and RNA, as it produces chromosomal alterations 
and blocks the synthesis of nucleoproteins. It has hepatic 
metabolism, urinary excretion, and is dialyzable. It can be used 
intravesically to treat bladder cancer and intrathecally in cases 
of leptomeningeal metastases. It may cause reactions such as 
rash, asthenia, fatigue, fever, stomatitis, and myelosuppression 
[4–6, 10].

• Trabectedin: It causes changes in the cell cycle after its binding 
to DNA, which forms a cascade of signals that affect transcrip-
tion factors, DNA-binding proteins, and repair pathways. It has 
moderate hepatic metabolism and emetogenic potential. It is 
not recommended for patients with CrCl<30  mL/min e 
CPK > 2.5 × LSN (due to the high risk of rhabdomyolysis). It 
can cause reactions such as hand-foot syndrome, stomatitis, 
fatigue, and myelosuppression. It is recommended to pay 
attention to drug interactions inhibitors and inducers of 
CYP3A4, due to the increase and decrease, respectively, in the 
systemic exposure of trabectedin [4–6].

4.3  Antimetabolites

A class of specific cell cycle drugs, with S-phase action, which act 
on the metabolism of proliferating cells, by replacing the normal 
building blocks of DNA and RNA, performing a biochemical 
blockage in DNA synthesis. Thus, they interfere with cell division 
[3, 11, 12]..

The agents of this group, in their subclasses, and some of their 
characteristics are:
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4.3.1  Folate Analogues

• Methotrexate: It inhibits dihydrofolate reductase (DHFR), pre-
venting the conversion of dihydrofolic acid to tetrahydrofolic 
acid, which is essential for the production of thymines and 
purines. It binds with thymidylate synthase (TS), causing inhi-
bition of purine and synthesis of thymidylic acid [4]. It is indi-
cated for a wide variety of pathologies, from 
onco-hematological diseases to solid tumors. It has an immu-
nosuppressive action, and is used in several allogeneic bone 
marrow transplant protocols after stem cell infusion as preven-
tion of graft-versus-host disease, and in the treatment of auto-
immune diseases. It has hepatic and intracellular metabolism, 
and urinary excretion [5]. It may cause alopecia, photosensitiv-
ity, thrombocytopenia, increased liver enzymes, and mucositis. 
Its use should be avoided in patients with ascites, pleural effu-
sion, or significant peripheral edema, as toxicity can be 
increased in these situations. For doses above 500 mg/m2, cal-
cium folinate rescue should be used [4].

• Pemetrexed: It acts by disrupting the folate-dependent meta-
bolic process, essential for cell replication, in addition to 
inhibiting thymidylate synthase, DHFR, and glycinamide 
ribonucleotide formyl transferase (GARFT), folate-depen-
dent enzymes for new biosynthesis of thymidine and purine 
nucleotides. Its metabolism is minimal, and its excretion is 
renal. Treatment can cause severe kidney toxicity. It is not 
recommended for patients with ClCr<45 mL/min; therefore it 
is necessary to monitor creatinine clearance before each dose. 
It is recommended to pre-medicate with dexamethasone, 
4  mg by mouth, 12/12  h, for 3  days, starting 1  day before 
administration. Administer folic acid (0.4 to 1 mg by mouth, 
1×/day) for at least 5 days before and continue throughout the 
treatment and until 21  days after the last dose. Administer 
vitamin B12 1000 mcg in a single dose 1  week before the 
start of treatment and repeat every 9 weeks. It has low emeto-
genic potential [4–6].
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• Pralatrexate: DHFR inhibitor and competitive inhibitor for 
polyglutamylation by the enzyme folylpolyglutamate syn-
thase. This inhibition causes depletion of thymidine and other 
biological molecules on which a single carbon transfer 
depends. It has negligible hepatic metabolism, and renal excre-
tion. It is recommended to administer low dose of folic acid 
orally (start 10 days before the first cycle, continue throughout 
the treatment and for 30 days after the last dose) and vitamin 
B12 1000 mcg IM (start within 10 weeks before the first cycle 
and then every 8–10 weeks). It can cause severe mucositis, kid-
ney failure, dermatological reactions, and fatigue. It has mini-
mal emetogenic potential [4–6].

• Raltitrexed: inhibitor of thymidylate synthase, which causes 
DNA fragmentation and cell death. It suffers intense cell 
metabolism (there seems to be no systemic metabolism). Its 
excretion is 50% renal and 15% fecal. Some reactions it can 
cause are nausea, vomiting, diarrhea, asthenia, anemia, fever, 
and leukocytopenia [4].

4.3.2  Purine Analogues

• Cladribina: Prodrug activated by phosphorylation and con-
verted into the active part, Cd-ATP. This active form inserts 
itself into the DNA and promotes its strand break and interrup-
tion of its synthesis and repair. This also results in a depletion 
of the nicotinamide adenine dinucleotide and adenosine tri-
phosphate (ATP). It destroys dividing or resting lymphocytes 
and monocytes, malignant or not, which have a large amount 
of deoxycytidine kinase but a small amount of deoxynucleo-
tides. It has minimal emetogenic potential. Excretion is uri-
nary, and its most common adverse reactions are fever, 
myelosuppression, and fatigue. For patients with a high tumor 
burden, prophylaxis for tumor lysis syndrome is recommended 
[4–6, 10].

• Clofarabine: It acts by interfering in DNA synthesis by 
reducing the deoxyribonucleotide triphosphate pools, by 
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inhibiting ribonucleotide reductase through the termination 
of DNA chain elongation and by competing with DNA 
polymerase for incorporation into the DNA chain, inhibit-
ing cell repair. It can also promote mitochondrial-mediated 
apoptosis. It has hepatic metabolism (0.2%) and renal 
excretion. It can cause reactions such as severe and pro-
longed myelosuppresion, tumor lysis syndrome, increased 
liver parameters (AST, ALT, and bilirubins), and nephrotox-
icity. Monitor and discontinue if sinusoidal obstruction syn-
drome is suspected [4, 5, 10].

• Fludarabine: Prodrug resistant to deamination by adenosine 
deaminase. Fluorinated nucleotide analogous to the antiviral 
agent vidarabine. It inhibits DNA synthesis by inhibiting 
DNA polymerase and ribonucleotide reductase; it also inhib-
its DNA primase and DNA ligase I. It has low/minimal emeto-
genic potential, hepatic metabolism, and renal excretion. It 
can cause reactions such as myelosuppression, asthena, cough, 
fatigue, fever, and tremors. Use prophylaxis for patients at 
risk of tumor lysis syndrome. At high doses it can cause irre-
versible or fatal neurotoxicity, which manifests 21 to 60 days 
after use [4–6].

• Mercaptopurine: It blocks DNA and RNA synthesis; inside the 
cell, it is converted into an active form that competes for an 
enzyme necessary for purine synthesis. Its metabolism is 
hepatic and in the gastrointestinal mucosa, and excretion is uri-
nary. It’s not dialyzable. It has low/minimal emetogenic poten-
tial and can cause reactions such as hyperuricemia, 
hypoglycemia-induced seizure, and hepatotoxicity. It is given 
orally, and should be ingested on an empty stomach. Oral 
hydration of at least 2 L/day is recommended to prevent uric 
acid nephropathy [4–6].

• Nelararabine: is a prodrug of the analogue deoxy-
iguanosineara- G. It is demethylated by adenosine deaminase 
(ADA) in ara-G and then intracellularly phosphorylated by 
deoxyguanosine and deoxycytidine kinases in its 5′-mono-
phosphate metabolite. The monophosphate metabolite is sub-
sequently converted into active form 5′-triphosphate, 
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ara-GTP. The accumulation of ara- GTP in DNA leads to inhi-
bition of its synthesis and cell death. In vitro, T cells are more 
sensitive than B cells to their cytotoxic effects. The main 
metabolic pathway is O-demethylation by adenosine deami-
nase to form the ara-G, and its excretion is partially urinary. 
It has minimal emetogenic potential. It is administered intra-
venously and must not be diluted during preparation. The 
dose to be used should be transferred to PVC, EVA, or glass 
bags and administered for 2 h in adults and within 1 h in chil-
dren. Neurotoxicity is dose-limiting, and neurological events 
are often not reversible even after discontinuation of the drug, 
so continuous monitoring of signs and symptoms (such as 
altered mental status, drowsiness, seizures, peripheral neu-
ropathy, paralysis) should be carried out. It is recommended 
that the patient be hydrated in an endovenous route and that 
the use of allopurinol should be considered in patients at risk 
for tumor lysis syndrome [4–6].

• Pentostatin: Pentostatin is a purine antimetabolite that inhibits 
adenosine deaminase, preventing the deamination of adenos-
ine in inosine. The accumulation of deoxyadenosine (dAdo) 
and deoxyadenosine 5′-triphosphate (dATP) leads to a reduc-
tion in purine metabolism that blocks DNA synthesis and leads 
to cell death. It has hepatic metabolism, renal excretion, and 
minimal emetogenic potential. It is recommended to perform 
intravenous hydration before and after administration of the 
drug. It may cause nausea, vomiting, stomatitis, myelosuppres-
sion, fatigue, and fever. Concomitant use with fludarabine can 
cause fatal lung toxicity [4–6, 10].

• Thioguanine: Analogue of mercaptopurine which, after being 
converted into its active form, inhibits the synthesis of purines, 
blocking the formation of DNA.  Its metabolism is hepatic; 
excretion is urinary and not dialyzable. It has minimal emeto-
genic potential. It is an oral chemotherapy that can be adminis-
tered with or without food. Some reactions that may occur are 
hyperuricemia, stomatitis, myelosuppression, and hepatotoxic-
ity [4, 6, 10].
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4.3.3  Pyrimidine Analogues

• Fluorouracil: F-UMP (an active metabolite) binds to RNA to 
replace uracil and inhibit cell growth; the active metabolite 
F-dUMP, inhibits thymidylate synthase (TS), depleting thymi-
dine triphosphate (a necessary component of DNA synthesis). 
It has low emetogenic potential; its metabolism is hepatic and 
urinary excretion. For hemodialysis patients, administer 50% 
of the dose after this procedure. It is contraindicated in patients 
with DPD deficiency (dihydropyrimidine dehydrogenase, an 
enzyme encoded by the DPYD gene). Some of the main 
adverse effects are myelosuppression, hand-foot syndrome, 
loss of appetite, headache, mucositis, and alopecia [4–6, 10].

• It can also cause cardiotoxicity associated with complications 
of coronary vasculature, such as angina, which has a higher 
incidence of continuous infusion when compared in bolus 
infusions, with an incidence reported in the literature ranging 
from 1 to 45% and onset during infusion or up to 72 h, in addi-
tion to acute coronary syndrome, hypotension, and heart fail-
ure [13–15].

• Capecitabine: It is a prodrug of 5-fluorouracil, metabolized in 
the liver into 5-deoxy-5-fluorouridine and converted in vivo in 
5-fluorouracil by the enzyme thymidine phosphorylase, 
expressed at higher levels in tumors than in normal tissues. 
Capecitabine is an oral drug with minimal/low emetogenous 
potential. It has hepatic metabolism, renal excretion and is dia-
lyzable. It is contraindicated in patients with DPD deficiency, 
and as the toxicity in this patient profile is severe, there may be 
fatal neutropenia, mucositis, and diarrhea; nevertheless, as it is 
a rare mutation, screening for the mutation before starting 
treatment is not necessarily performed [4–6].

One of its most common reactions is hand-foot syndrome (54–
63%), characterized by painful erythema, edema, dysesthesia 
(abnormal burning sensation, tingling, or pain), desquamation, 
blistering, and ulcers in the palmar and plantar regions [16]. It can 
also cause edema, diarrhea, stomatitis, myelosuppression, and 
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cardiotoxicity. It is essential to evaluate the degree of toxicity of 
the reactions presented, to perform the management and dose 
modifications whenever necessary. It should be administered 
within 30  minutes after breakfast and dinner, with water, and 
without breaking or chewing the tablets [4].

• Cytarabine: Within cells, cytarabine is converted into azaciti-
dine triphosphate, its active compound, which blocks the DNA 
synthesis and function and inhibits DNA polymerase. It also 
inhibits the enzyme ribonucleotide reductase by reducing 
 levels of deoxyribonucleotides, essential for DNA synthesis 
and function. It is metabolized to a greater extent by the liver 
and to a lesser extent by the kidneys; its excretion is urinary. It 
has moderate emetogenic potential at doses above 1 g/m2, and 
low at smaller doses. It can cause reactions such as skin rash, 
anal inflammation, mucositis, fever, myelosuppression, and 
liver dysfunction [4–6].

When used in high doses, even intravenously, it can cause cor-
neal toxicity. To avoid such a reaction, it is customary to use 
corticosteroid- based eye drops (e.g., dexamethasone or predniso-
lone) to reduce the risk [17].

• Liposomal cytarabine: Liposomal cytarabine formulation for 
direct administration into the CSF. It should only be used intra-
thecally. Some of the most common adverse events are nausea, 
vomiting, asthenia, headache, and fever. Monitor for immedi-
ate adverse events and neurotoxicity. It is recommended to 
administer dexamethasone, 4 mg 2×/day (by mouth or IV), for 
5 days, starting on the day of administration of liposomal cyta-
rabine to reduce the occurrence of chemical arachnoiditis [4].

• Floxuridine: Metabolized to fluorouracil after administration, 
resulting in activity similar to it. It acts by inhibiting DNA syn-
thesis, function and repair, and RNA and protein synthesis, as 
well as the methylation of deoxyuridylic acid to thymidylic 
acid. It has hepatic metabolism and renal (10–13%) and respi-
ratory (60% as CO2) excretion. It can cause reactions such as 
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liver and kidney failure, myelosuppression, gastrointestinal 
toxicity, and photosensitivity [4, 5].

• Gemcitabine: It acts as a false metabolite, incorporating itself 
into DNA and promoting cell death. It inhibits DNA synthesis 
through intracellular conversion into nucleoside diphosphate 
and triphosphate. Diphosphate inhibits ribonucleotide reduc-
tase necessary for the formation of deoxynucleosides, essential 
in the DNA synthesis process, and triphosphate competes with 
deoxynucleosides for DNA incorporation. The active 
 metabolite, gemcitabine triphosphate, can be extracted from 
peripheral blood mononuclear cells. Its excretion is urinary. It 
has low emetogenic potential. It can cause reactions such as 
edema, myelosuppression, hepatotoxicity, fatigue, and ototox-
icity. Use with caution in patients with kidney and liver disor-
ders, dose adjustment may be required. If the patient is on 
hemodialysis, start the procedure 6 to 12  hours after gem-
citabine infusion. Consider drug pneumonitis when dyspnea, 
fever, cough, and/or hypoxemia. Infusions over 60  minutes 
increase adverse events due to the accumulation of its active 
metabolite gemcitabine triphosphate [4–6].

4.3.4  Hypomethylating Agents

They are pyrimidine analogues that instill DNA methyltransfer-
ase, causing hypomethylation and cell death [4].

The representatives of its class and some features are:

• Azacitidine: It has hepatic metabolism, renal excretion (85% EV 
and 50%SC) and moderate emetogenic potential. It can cause 
reactions such as myelosuppression, chest pain, hypotension, 
and increased liver enzymes. Evaluate the use of prophylaxis for 
tumor lysis syndrome in patients with high tumor burden (the 
reaction can occur even with the use of allopurinol) [4–6].

• Decitabine: It has metabolism via deamination by cytidine 
deaminase, minimal emetogenic potential, and can cause 
 reactions such as myelosuppression, prexia, edema, electrolyte 
disorders, cough, fatigue, and fever [4–6].
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4.3.5  Other Antimetabolites

• Hydroxyurea: its mechanism of action is not yet fully eluci-
dated. Studies support the hypothesis that hydroxyurea causes 
immediate inhibition of DNA synthesis by acting as an inhibi-
tor of ribonucleotide diphosphate reductase, and inhibits the 
incorporation of thymidine into DNA, blocking its synthesis. It 
does not interfere with the production of RNA or proteins. It is 
metabolized in about 60% by the liver and gastrointestinal tract 
and excreted by urine (30–55%). It has minimal/low emeto-
genic potential. It’s an oral medicine; if necessary, the capsules 
can be opened and dissolved in 100 to 120 mL of water and 
ingested immediately after. It should be administered on an 
empty stomach. It can cause reactions such as myelosuppres-
sion, headache, and genetic mutation with long-term use [4–6].

• Trifluridine/Tipiracil (TAS-102): Trifluridine is the active cyto-
toxic component of Trifluridine +Tipiracil; it is a thymidine- 
based nucleic acid analogue; the triphosphate form of 
Trifluridine is incorporated into DNA, interfering with DNA 
synthesis and inhibiting cell proliferation. Tipiracil is a thymi-
dine phosphorylase inhibitor that prevents the rapid degradation 
of trifluridine, allowing an increased exposure to the drug [10, 
18]. It is an oral medicine, which should be ingested 1 h after a 
meal in the morning and in the evening. It can cause severe 
myelosuppression (which can lead to dose reduction or discon-
tinuation of treatment), nausea, fatigue, and anemia [4, 5].

• Tegafur/Uracil: Cell cycle phase specific agent (post-mitotic 
G-1 phase). Tegafur is a metabolic precursor of fluorouracil 
whose conversion takes place in vivo. Uracil is a constituent of 
nucleic acids that does not present isolated pharmacological 
activity; however, preclinical studies reveal that the combina-
tion of tegafur with uracil in a 1:4 molar ratio inhibits the 
catabolism of fluorouracil and selectively increases the levels 
of this compound in the tumor, thus increasing its efficacy. It 
has low/minimal emetogenic potential. It is an oral medicine 
that should be given on an empty stomach 1 h before or 1 h 
after meals. It can cause reactions such as leukopenia, throm-
bocytopenia, asthenia, and peripheral neuropathy [4, 6].
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4.4  Anti-Tumor Antibiotics

Anti-tumor antibiotics differ from antibiotics used to treat 
infections. They are called that because they are synthetic 
derivatives or isolated from living microorganisms, such as 
varieties of Streptomyces [19]. They have cytotoxic properties 
and cause DNA damage by various mechanisms, such as DNA 
and RNA interleaving, DNA alkylation, and oxygen-based free 
radical generation to induce single- and double-strand DNA 
breakage [20].

4.4.1  Anthracyclines

This class of anti-tumor antibiotics consists of one of the most 
widely used chemotherapeutic categories in clinical practice for 
different types of tumors, both solid (such as breast cancer) and 
hematological (such as leukemia). They generate permanent DNA 
damage.

One of its main characteristics concerns the cardiotoxicity 
induced by its use. The exact mechanism by which this occurs is 
not yet fully understood, but some of the most accepted theories 
are anthracyclines interfere in the redox cycle, causing DNA dam-
age by producing reactive oxygen species (ROS); the interaction 
of anthracyclines with type II topoisomerase can also contribute, 
since this enzyme can be a mediator of cardiotoxicity [21].

They have the maximum recommended cumulative dose, 
which can greatly limit the treatment [21].

In general, they are vesicants. Its extravasation can cause 
severe injuries.

Doxorubicin and daunorubicin were the first anthracyclines 
used in clinical practice. Epirubicin is a stereoisomer of doxorubi-
cin, whose difference is having a larger volume of distribution and 
half-life time. On the other hand, idarubicin, derived from dauno-
rubicin, differs from the former in that it is more lipophilic and 
has greater cellular uptake [21].
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In addition to these drugs, other representatives of this class 
are:

• Liposomal doxorubicin: It is a form of doxorubicin encapsu-
lated in liposomes with methoxypolyethylene glycol 
(MPEG),which increases the duration of the drug in the blood 
circulation by protecting it from the phagocytic system [4].

• Valrubicin: It is a semisynthetic analog of the doxorubicin, 
with negligible systemic action. Indicated for bladder carci-
noma, it is used intravesically. It must be instilled through a 
catheter and retained in the bladder for 2 hours, and after the 
patient urinates [5, 10].

• Mitoxantrone: Considered an anthracenedione agent. In 
patients with multiple sclerosis and cancer who have used 
mitoxatrone, there is an increased risk of secondary acute 
myeloid leukemia [4, 5].

4.4.2  Other Anti-Tumor Antibiotics

• Mitomycin C: It acts similarly to alkylating agents, alkylating 
DNA, and inhibiting DNA, RNA, and protein synthesis. It is 
derived from cultures of Streptomyces caespitosus; therefore it 
is considered an anti-tumor antibiotic. It is mainly metabolized 
by the liver, but can occur in other tissues; its excretion is via 
the kidneys. It has low emetogenic potential. It can cause 
 reactions such as myelosuppression, hemolytic uremic syn-
drome (usually associated with single doses greater than 
60 mg; its symptoms can be increased by blood transfusion), 
and pulmonary and cardiac toxicity. It can be administered 
intravesically [4–6, 10].

• Bleomycin: Specific to cell cycle phase (G2 and M phases), it 
acts by inhibiting DNA synthesis by binding to it, causing 
strand breakage. It also inhibits protein and RNA synthesis. It 
is metabolized in several tissues, and its excretion is renal 
(65% approximately) and intrapleural (40% approximately). It 
is not dialyzable and has minimal emetogenic potential. It 
requires dose adjustment for renal function, and some of its 
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main toxicities are pneumonitis, pulmonary fibrosis (especially 
when used in combination with other antineoplastics drugs), 
hepatotoxicity, and thrombotic microangiopathy. Attention 
should be paid to the use of bleomycin with brentuximab due 
to the increased risk of pulmonary toxicity [ 4–6].

• Dactinomycin: It inhibits DNA, RNA, and protein synthesis. It 
binds to DNA, intercalating between guanine and cytosine 
base pairs, disorganizing its helix. It has minimal metabolism, 
fecal and urinary excretion, and moderate emetogenic poten-
tial. It can cause severe skin reactions, myelosuppression, and 
increase the risk of hepatic veno-occlusive disease. There is a 
recommendation to avoid vaccination with live viruses during 
treatment [4–6].

4.5  Topoisomerase Inhibitors

Topoisomerases are essential enzymes for cell survival, as they 
help to reduce the tension of DNA supertwist, promoting strand 
cleavage and their rebinding. They play a role in cell duplication, 
acting in replication, transcription, recombination, repair, and 
reconstruction of chromatin (a filamentous complex of DNA, 
RNA, and proteins present in the cell nucleus). They are divided 
into topoisomerase I (which induces strand DNA breakage, 
 allowing the passage of the other strand through this space) and 
topoisomerase II (which promotes a breakage in both strands, 
allowing the passage of another double helix) [22, 23].

When the functions of topoisomerases are inhibited, the cells 
become vulnerable, as cell replication is hampered by impeding 
the repair of cleaved strands. Therefore, they are excellent targets 
for drug action [10, 24].

4.5.1  Topoisomerase I Inhibitors (Also Known 
as Camptothecins)

Topoisomerase I is present in high concentrations in several types 
of malignant neoplastic cells [4]. It is not a cell cycle-dependent 
enzyme [23].
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The representatives of this class, and some of its characteris-
tics, are:

• Irinotecan: Pro-drug converted into the active metabolite 
SN-38, which binds to the topoisomerase I-DNA complex, 
preventing religation of the DNA strand. It has hepatic 
metabolism, renal and biliary excretion, and moderate emeto-
genic potential. Some of the main adverse reactions are gas-
trointestinal (diarrhea mainly), increased bilirubin, and fever. 
The use of atropine should be considered as a premedication 
to avoid acute cholinergic symptoms and to decrease diarrhea 
[ 4, 6, 10].

• Liposomal Irinotecan: A form of irinotecan encapsulated in a 
liposome (lipid layer) that allows higher serum and plasma 
concentrations at lower doses [4].

• Topotecan: It inhibits the production of topoisomerase I. It has 
low emetogenic potential and is metabolized in plasma and 
liver, and its excretion is fecal and urinary. It can cause effects 
such as myelosuppression, neutropenic colitis, asthenia, and 
fatigue [ 4, 6, 10].

4.5.2  Topoisomerase II Inhibitors (Also Known 
Epipodophyllotoxins)

Caution should be exercised with rapid infusions as they can 
cause hypotension [4].

The representatives of this class, and some of its characteris-
tics, are:

• Etoposide: It has hepatic metabolism, urinary and fecal excre-
tion, and low emetogenic potential. It may cause effects such 
as dose-limiting myelosuppression, asthenia, fever, malaise, 
hepatotoxicity, cardiotoxicity, and tremors. It’s not dialyzable. 
[4, 6, 10]

• Teniposide: It has hepatic metabolism, urinary and fecal excre-
tion, and moderate emetogenic potential. It may cause severe 
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myelosuppression, mucosal inflammatory disease, and neuro-
toxicity (<1%). A dose adjustment may be required for patients 
with significant renal dysfunction. [4, 6, 10]

4.6  Mitotic Inhibitors

Mitotic inhibitors are a class of agents that inhibit mitosis. There 
are four main categories: microtubule binders, microtubule 
enzyme inhibitors, mitotic enzyme inhibitors, and mitosis 
checkpoint inhibitors. Mitotic inhibitors impede the function of 
the mitotic spindle and cause the mitotic arrest and cause cell 
death. This mitosis inhibition approach has already been vali-
dated for the treatment of non-small cell lung cancer (NSCLC), 
for example, paclitaxel and docetaxel, already approved by the 
FDA. [25, 26]

Microtubules (MTs) are protein polymers made up of alternat-
ing subunits of α and β-Tubulin, which play a fundamental role in 
mitosis, such as intracellular signaling and motility. Disruption of 
the dynamics of microtubules (MTs), inhibiting their polymeriza-
tion or depolymerization, disrupts the mitotic spindle function 
and cell division, resulting in mitotic arrest, mitotic progression, 
and segregation errors during anaphase; both situations can lead 
to cell death. Therefore, microtubules are an intracellular target 
already validated in oncology treatments [25].

There are two conventional classes of agents that target MTs, 
those that stabilize MTs, such as taxanes (paclitaxel, nab- 
paclitaxel, cabazitaxel, and docetaxel) and epothilones (ixabep-
ilone) and those that destabilize MTs, such as vinca alkaloids 
(vinblastine, vincristine, vinorelbine, and vinflunine) and eribu-
lin [27].

4.6.1  Microtubule Binders

• Paclitaxel (PTX): It promotes the aggregation of tubulin dimers 
microtubules. It stabilizes MTs preventing depolymerization, 
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affecting the cellular dynamics of MTs reorganization, essen-
tial for cell function. Furthermore, it induces the abnormal for-
mation or bundles of MTs during the cell cycle, acting 
specifically in the G2 and M phases of the cell cycle. Patients 
with liver failure may be at increased risk of toxicity. Renal 
function adjustment is not necessary [4].

• Nab-Paclitaxel: is a form of paclitaxel bound to albumin, 
which works as an inhibitor of MTs, promoting the association 
of tubulin dimers and stabilization of MTs. This stabilization 
prevents depolymerization and inhibits cell reorganization, 
affecting the cells’ mitotic functions. Adjustment of liver func-
tion is necessary and adjustment for renal function is not nec-
essary [4].

• Cabazitaxel: It binds to tubulin and promotes its aggregation 
into microtubules, dissociating them. In this way, it causes the 
stabilization of MTs, which results in the inhibition of cell 
functions of interphase and mitosis. It should be used with cau-
tion as it can alter kidney and liver functions. The main adverse 
reactions it causes are hematological or kidney failure [4].

• Docetaxel: It promotes the aggregation of tubulins and stabili-
zation of MTS, causing their dissociation, making them non- 
functional, blocking cell division. It acts specifically in the M 
phase of the cell cycle. Its use should be cautious and the need 
for liver function adjustment observed, while adjustment for 
renal function is not necessary [4].

4.6.2  Vinca Alkaloids

• Vinblastine: It is considered a specific agent of the M phase of 
the cell cycle and inhibits the formation of MTs in the mitotic 
spindle, resulting in the arrest of cell division in metaphase. It 
inhibits DNA, RNA, and protein synthesis. The need for 
adjustment of liver function should be noted, while adjustment 
for renal function is not necessary [4].

• Vincristine: it is considered a specific agent of the S and M 
phases of the cell cycle; it binds to the protein of cellular MTs, 
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promoting its rupture and blocking cell division in metaphase. 
The need for adjustment of liver function should be noted, 
while adjustment for renal function is not necessary [4].

• Vinorelbine: It interferes with the rearrangement of MTs, 
inhibiting the metaphase stage in mitosis. It inhibits tubulin 
polymerization and acts on mitotic MTs. Furthermore, it 
interferes with amino acid metabolism, calcium transport, cel-
lular respiration, and nucleic acid synthesis. It is a phase 
M-specific agent. The need for adjustment of liver function 
should be noted, whereas adjustment for renal function is not 
necessary [4].

• Vinflunine: It binds to tubulin and inhibits the polymerization 
of MTs, resulting in microtubule breakdown, mitotic arrest, 
and cell apoptosis. The need for adjustment of renal and liver 
function should be noted [4].

Another important mitotic inhibitor is eribulin.
It inhibits the growth phase of MTs and sequesters tubulin in 

non-functional aggregates, blocking the G2 and M phases of the 
cell cycle, breaking mitotic spindles and causing cell apoptosis. 
The need for adjustment of renal and liver function should be 
noted [4].

4.7  Histone Inhibitors

Epigenetic dysregulation is an almost universal feature of human 
cancer. Rather than affecting the DNA sequence itself, like genetic 
alterations, epigenetic alterations work by modifying histones or 
DNA post-translational. Within the cell nucleus, DNA is pack-
aged into chromatin as repeating units known as nucleosomes. 
Each nucleosome consists of two copies, each with four histone 
proteins (H2A, H2B, H3, and H4). The level of compaction and 
the presence or absence of post-translational modifications in his-
tones and DNA play an important role in gene expression. Histone 
acetylation and methylation were the first post-translational mod-
ifications to be associated with transcription regulation [28].
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Below are some histone inhibitors:

• Tazemetostat: it is an inhibitor of the EZH2 gene (Enhancer of 
Zest Homolog 2) and of some EZH2 function mutations. EZH2 
is located on chromosome 7 and encodes a protein involved in 
epigenetic regulation that is deregulated and mutated in some 
neoplasms, leading to the development and progression of 
tumor cells. There is no need to adjust kidney and liver func-
tion [4].

Soon after the discovery of DNA hypomethylating agents, 
histone deacetylase (HDAC) inhibitors have been explored. The 
best activity observed was in cutaneous T-cell lymphoma 
refractory [28].

4.7.1  Histone Deacetylase Inhibitors

• Panobinostat: It inhibits the removal of acetyl groups from his-
tone lysine residues. This inhibition results in increased his-
tone acetylation, epigenetic alteration, causing chromatin 
relaxation and transcription activation, inducing cell cycle 
arrest or apoptosis. Adjustment for liver function is required 
and has not been evaluated for adjustment of renal function [4].

• Romidepsin: HDAC inhibition results in the accumulation of 
acetylated histones, inducing cell cycle arrest and apoptosis. It 
should be used with caution for patients with liver or kidney 
disease [4].

• Vorinostat: It is an histone deacetylase (HDAC) inhibitor that 
is overexpressed in tumor cells. These enzymes assist in the 
reactions to remove lysine acetyl groups, transcription factors, 
and histones. Accumulation of acetylated histones induces cell 
cycle blockage and leads to apoptosis. There are no conclusive 
data on the need for adjustment for renal and liver function [4].
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4.8  Proteasome Inhibitors

The proteasome is a complex of multicatalytic proteins that 
degrade cellular proteins. Proteasome inhibitors are an important 
new class of drugs for the treatment of multiple myeloma and 
mantle cell lymphoma (MCL). Proteasome inhibitors also work 
as immunosuppressants and inhibit bone absorption, among other 
applications. The first proteasome inhibitor to be approved by the 
FDA was bortezomib, followed by carfilzomib and ixazomib [29].

Protein degradation is an essential cellular function. Lysosomes 
were considered the main cell waste elimination system, as they 
degrade cytoplasmic proteins and organelle degradation by 
autophagy; it is currently known that the proteasome pathway is 
responsible for degradation processes in the cell [29].

The following are some proteasome inhibitors and their par-
ticularities:

Bortezombe: It reversibly inhibits the activity of chymotrypsin 
in the 26S proteasome, an enzyme complex that degrades ubiqui-
tinated proteins and regulates cellular protein balance. Its inhibi-
tion of proteolysis affects the activation of signaling pathways, 
which can lead to cell death. Dose adjustment should be per-
formed for liver function, but not needed for renal function. Its 
main toxicity effect is neurotoxicity, but it can be monitored by 
the doctor if it occurs. [4]

Carfilzomib: It is a proteasome inhibitor with pro-apoptotic 
and anti-proliferative activities in solid and hematological tumor 
cells, through irreversible binding to active sites of the 20S pro-
teasome. Dose adjustment should be made according to liver and 
kidney functions [4].

Ixazomib: It is a reversible proteasome inhibitor that induces 
apoptosis in vitro of multiple myeloma cell lines. It inhibits chy-
motrypsin in the 20S proteasome. Dose adjustment should be 
made according to liver and kidney functions [4].
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4.9  Hedgehog Inhibitors

The Hedgehog (Hh) signaling pathway controls a broad spectrum 
of processes during embryonic development, tissue homeostasis, 
tissue regeneration, and maintenance in adults. Activation of Hh is 
triggered by the interaction of ligands, which in turn relieves the 
suppression of the SMO (Smoothened) transmembrane receptor. 
Activation of SMO promotes the dissociation of the glioma- 
associated oncogene (GLI) and its nuclear translocation. As final 
effectors of Hh signaling, GLI factors activate the expression of 
Hh target genes involved in the regulation of the Hh pathway, pro-
liferation, apoptosis, angiogenesis, stem cell self-renewal, and 
epithelial-mesenchymal transition. In addition to the signaling 
cascade, GLI can be stimulated by other mechanisms that 
 interconnect other signaling pathways, such as RAS/RAF/MEK/
MAPK and PKI3/AKT/Mtor [30].

The following are some Hedgehog Inhibitors (Hh):

• Vismodegib: It is an inhibitor of the Hedgehog pathway whose 
signaling through SMO leads to activation and localization of 
nuclear transcription factors of the GLI oncogene and induc-
tion of Hh. Many of these genes are involved in proliferation, 
survival, and differentiation. Vismodegib binds to and inhibits 
the SMO protein, blocking signals for the Hh pathway. The 
safety and efficacy of Vismodegib have not been evaluated for 
patients with renal and hepatic impairment [4].

• Glasdegib and Sonidegib: it is an inhibitor of the Hh signaling 
pathway that binds and inhibits SMO, affecting cancer biol-
ogy, interrupting cancer stem cell survival mechanisms. The 
need for dose adjustments for patients with renal and hepatic 
impairment has not been evaluated [4].

4.10  Enzymes

All enzymes are proteins (and, in some cases, RNA molecules) of 
varying functions. They catalyze reactions used in normal devel-
opment to help cells to protect against and fight disease. They 
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have important roles intra- and extracellular or even on the surface 
of cell membranes. Many enzymes are targets of interest from 
studies, but an important enzyme that has been gaining promi-
nence in the last 30  years is the enzyme L-Asparaginase. 
L- Asparaginase is the first therapeutic enzyme with antineoplastic 
properties. Its importance is due to its antineoplastic activity. It is 
known as amidohydrolases (or amidases) belonging to the group 
of amidase enzymes and can break down the amino acid 
L- asparagine in aspartate and ammonia [31].

The following are some important enzymes in this context:

• L-Asparaginase: It is a macronuclear enzyme isolated from 
Escherichia coli or Erwinia carotovora. It hydrolyzes the 
amino acid asparagine, which is essential in leukemic cell divi-
sion. It is an agent specific to the G1 phase of the cell cycle. No 
dose adjustment is necessary for kidney and liver function [4].

• Calaspargase Pegol: It is a conjugate of L-asparaginase and 
monomethoxy polyethylene glycol (mPEG) with a succinimi-
dyl carbonate (SC) linker. It is based on selective killing of 
leukemic cells. Dosage adjustment is necessary according to 
liver function, but it is not necessary for renal function [4].

• Pegaspargase: is a conjugate of L-asparaginase and monome-
thoxy polyethylene glycol (mPEG), an enzyme that catalyzes 
the conversion of the amino acid L-asparagine into aspartic 
acid and ammonia. Leukemic cells have low levels of expres-
sion of asparagine synthetase and are dependent on serum 
asparagine for survival, as pegaspargase hydrolyzes aspara-
gine, depleting its levels and then inhibiting protein, DNA, and 
RNA synthesis, resulting in leukemic cell death. No dose 
adjustment is necessary for kidney and liver function [4, 32].

4.11  Corticosteroids

Glucocorticoids have a wide spectrum of therapeutic indications. 
They are capable of inducing cell maturation, cell differentiation, 
and even inducing apoptosis, which allows their use in the treat-
ment of tumors, mainly of hematopoietic lineages. They play a 
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fundamental role in the treatment of diseases in which immune 
and inflammatory processes are involved, such as cancer [33]. 
The following are some of them used in oncology practice as anti- 
tumor aids:

• Dexamethasone: It is an adrenocorticoid with potent anti- 
inflammatory effects, about 25 to 30 times more potent than 
hydrocortisone. It has immunosuppressive, antitumor, and 
anti-emetic properties and little mineralocorticoid activity. Its 
action occurs by suppressing the migration of neutrophils, 
decreasing the production of inflammatory mediators and 
reversing the increase in capillary permeability. No dose 
adjustment is necessary for kidney and liver function [4].

• -Prednisone: it is a synthetic glucocorticoid with anti- 
inflammatory, anti-rheumatic, anti-allergic, and immunosup-
pressive action, all of which are powerful. It has an antitumor 
property and little mineralocorticoid activity. It suppresses leu-
kocyte migration and reverses the increase in vascular perme-
ability. Its immunosuppressive activity is characterized by 
reduced lymphatic system activity and volume. In high doses, 
it suppresses adrenal function. Its antitumor effects are associ-
ated with inhibition of glucose transport, phosphorylation, and 
induction of cell death in mature lymphocytes. Its antiemetic 
action is due to the blockage of the vomiting mechanism and 
inhibition of prostaglandin synthesis. No dose adjustment is 
necessary for kidney and liver function [4].

The following is an inhibitory agent of corticosteroid synthe-
sis:

• Mitotane: it is an inhibitor of adrenal corticosteroid synthesis; 
it is suggested that it modifies the peripheral metabolism of 
steroids, as well as directly suppressing the adrenal cortex, 
altering the extra-adrenal metabolism of cortisol. It should be 
administered with caution to patients with liver conditions, and 
there is no data on the need for dose adjustment for renal func-
tion [4].
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4.12  Hormone Therapy

4.12.1  The Effect of Testosterone on Prostate 
Cancer

The effects of androgens on the prostate and surrounding stroma 
are diverse. The binding of the active testosterone metabolite, 
5-α-dihydrotestosterone (DHT), to androgen receptors, results in 
the potentiation of several cellular processes, increasing the tran-
scription of genes affected by the androgen receptor (AR). These 
include increased angiogenesis due to upregulation of endothelial 
growth factor (EGF) and vascular endothelial growth factor 
(VEGF), increased epithelial proliferation, and decreased apopto-
sis. AR is a transcription factor activated by testosterone and DHT 
and regulates the expression of genes related to sexual differentia-
tion, growth and survival of prostate cells, and consequent cancer 
progression [34].

4.12.2  Androgen Deprivation Therapies (ADT)

The main objective of ADT is to reduce the circulatory level of 
androgens and their associated signaling mechanisms in tissues 
that respond to androgens, such as the prostate [34].

For patients with localized prostate cancer, definitive therapy 
includes radical prostatectomy and/or radiotherapy, given with or 
without adjuvant androgen deprivation. Despite the success of 
these treatments, up to a third of patients have a biochemical 
recurrence characterized by an increase in PSA. For these patients, 
androgen deprivation therapy (ADT) is indicated [35].

When there is an evidence of metastatic prostate cancer, 
patients are treated with androgen deprivation with or without 
docetaxel chemotherapy, or with or without abiraterone, with 
androgen deprivation continued indefinitely. At this stage, andro-
gen deprivation therapy may include approaches that lower serum 
androgen levels by orchiectomy or by gonadotropin-releasing 
hormone (GnRH) analogues [35].
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4.12.2.1  Luteinizing Hormone-Releasing Hormone 
(LHRH) Agonists and Antagonists

The main LHRH analogues or agonists are leuprolide, goserelin, 
buserelin, and triptorelin. Another option is degarelix, an LHRH 
antagonist that is used in the treatment of prostate cancer. These 
agents work to decrease luteinization and hormone production 
leading to decreased gonadal testosterone production. These 
options with GnRH antagonist or analogues may or may not be 
accompanied by androgen receptor blockade with non-steroidal 
anti-androgens, e.g., bicalutamide and flutamide [35].

GnRH agonists and antagonists are considered pharmacologi-
cal alternatives to surgical castration. Despite substantially lower-
ing serum testosterone, adrenal production of androgens may 
persist, and it has become clear that prostate tumors can also syn-
thesize androgens. Therefore, other therapies are usually added to 
suppress signaling and androgen levels [35].

Leuprolide or Leuprorelin: is an analogue of GnRH that is 
more potent than the natural hormone; it acts as an inhibitor of 
gonadotropin production. It initially causes an increase in lutein-
izing hormone (LH, also known as lutropin and sometimes lutro-
phin) and follicle stimulating hormone (FSH), causing a transient 
increase in testosterone and DHT.  DHT, also known as 
5α-androstan-17β-ol-3-one, is a naturally occurring androstane 
steroid with a ketone group at the C3 position and a hydroxyl 
group at the C17β position. It is the derivative of testosterone in 
which the double bond between the C4 and C5 positions has been 
reduced or hydrogenated. Prolonged administration leads to 
reduced levels of LH, FSH, and sex steroids [4].

Buserelin: is an analogue of GnRH, and its administration 
leads to the release of LH and FSH, followed by suppression of 
gonadotropin secretion as it desensitizes the pituitary gland to the 
effect of GnRH. Thus, it results in decreased levels of hormones 
and testosterone production; this decrease is obtained at the same 
levels obtained with castration [4].

Goserelin: is an analogue of GnRH that inhibits LH secretion, 
leading to decreased serum testosterone concentrations in men 
and women. Initially, it may increase serum concentrations of tes-
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tosterone and estradiol transiently, but its use for a long time will 
decrease the levels of these hormones. The use of goserelin 
extends to patients with prostate cancer and also to breast cancer, 
given monthly or quarterly [4].

Triptorelin: it is a decapeptide GnRH agonist, and after its con-
tinuous and prolonged administration, it inhibits the secretion of 
gonadotropins, and consequently it has a direct effect on the 
gonads with a decrease in the sensitivity of peripheral GnRH 
receptors.

The following is the main antagonist of GnRH:
Degarelix: is an antagonist of GnRH, and competes reversibly 

for GnRH receptors in the hypophysis or pituitary gland, thus rap-
idly reducing the release of gonadotropins, consequently decreas-
ing testosterone secretion. Unlike GnRH agonists, the antagonists 
do not induce LH peak with consequent peak/decrease in testos-
terone and transient tumor stimulation [4].

4.12.2.2  Antiandrogens
The most commonly used nonsteroidal antiandrogens today are 
bicalutamide, enzalutamide, apalutamide, and darolutamide. 
These agents bind directly to the androgen receptor (AR), also 
known as NR3C4 AR in order to block signaling in the ARs. 
Abiraterone is also a potent Cyp17A1 inhibitor antiandrogen that 
results in further lowering of testosterone levels by blocking the 
production of androgens in non-gonadal tissues. As it follows 
[35]:

Bicalutamide: It is a non-steroidal antiandrogen indicated for 
patients with castration-resistant prostate cancer (CRPC) with or 
without metastasis [36].

Enzalutamide: It is a non-steroidal antiandrogen indicated for 
patients with CRPC and also metastatic hormone sensitive 
(HSPC) with or without metastasis [36].

Apalutamide and Darolutamide: nonsteroidal antiandrogens 
indicated for patients with non-metastatic CRPC [36].

Abiraterone: is considered first-line treatment for metastatic 
patients with HSPC with high volume of disease and is also indi-
cated for CRPC [36].

Other drugs used in cancer therapy for prostate cancer patients:
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4.12.3  Hormone Therapy in Breast Cancer

Hormone therapy in the treatment of breast cancer is essential 
for patient survival and increased survival. They are important 
for reducing recurrence and mortality in early cases. Some 
advantages of hormone therapy, as it is for oral use, are that it 
improves quality of life and hospitalization savings. The main 
hormonal agents used in breast cancer are antiestrogens, anti-
progestins, aromatase inhibitors, and hormone blockers such as 
GNRH agonists [37].

4.12.3.1  Antiestrogens
Fulvestrant: It is an estrogen receptor antagonist, and its action 
involves the suppression of estrogen receptor protein in tumors 
and other target tissues. Thus, it completely blocks the trophic 
action of estrogen, without having any estrogen receptor agonist 
activity [4].

Tamoxifen: it is an estrogen receptor antagonist and considered 
an innovative drug in medical oncology because in the last four 
decades it has been helping to save many lives. It was the first 
target agent discovered for the treatment of breast cancer. It is 
indicated for breast cancer prevention, treatment of estrogen 
receptor-positive and metastatic breast cancer, adjuvant treatment 
of breast cancer, and for ductal breast cancer in situ. In some 
cases, it is indicated for endometrial cancer [4, 38].

4.12.3.2  Antiprogestins
Megestrol: It is a progestin synthetic acetate indicated for the 
treatment of hormone dependent tumors. There is a probable 
action on pro-inflammatory cytokines, tumor necrosis factor, and 
interleukins 1 and 6. Its effect is believed to be a glucocorticoid 
helping to suppress the pituitary gland and its action and decrease 
cortisol levels [39].

Aromatase Inhibitors: Breast cancers, especially those that 
depend on estrogen or progesterone hormones, are the most 
malignant form of the disease, especially in postmenopausal 
women. In this scenario, strategies with modulators of estrogen 
receptors (ER) or inhibitors of the aromatase enzyme (AIs) are 
being used by researchers. Aromatase is the enzyme that converts 
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hormones for estrogen synthesis. AIs are used to block estrogen 
production or to block the action of estrogen at receptors. The 
main AIs used in clinical practice are exemestane, anastrozole, 
and letrozole [40].

4.12.3.3  Somatostatin Analogs
They are synthesized drugs that are the most common somatosta-
tin analogue drugs used. Its main indications in oncology are for 
pancreatic and gastrointestinal neuroendocrine tumors [41].

Lanreotide and Octreotide: They are endogenous somatostatin 
synthetic analogs. Somatostatin is an inhibitory hormone found in 
the body. In the hypothalamus, it inhibits the release of growth 
hormone (GH), TSH, prolactin, and ACTH. It inhibits the secre-
tion of insulin, glucagon, gastrin, and other peptides. It functions 
as a CNS inhibitory neurotransmitter, inhibiting cell proliferation. 
Therefore, it has a direct effect on solid tumors of the gastrointes-
tinal tract and prolongs patient survival. Their inhibitory, anti- 
secretory, and absorption effects are used for hormone-secreting 
tumors (e.g., DHT) [41].

4.13  Main Therapies: Target for the Treatment 
of Cancer

4.13.1  The Role of Protein Kinases (PTKs)

The knowledge of cellular and biological mechanisms that involve 
proliferation, differentiation, metabolism, mobility, survival, cell 
death, and cell cycle control has made it possible to advance spe-
cific antineoplastic therapies that aim to inhibit the activity of pro-
teins and receptors that are involved in these cellular processes. 
These therapies target cell receptors, their RTK ligands, known as 
“growth factors” (GF) and molecules involved in signaling path-
ways and intracellular signal transduction, as well as the regula-
tion of cellular activities. Dysregulation and/or overexpression of 
protein kinases result in inappropriate cellular responses, culmi-
nating in the establishment of cancer [42, 43].

Protein tyrosine kinases (PTKs) (PTKs) are responsible for the 
transfer or addition of the γ-adenosine triphosphate phosphate 

4 Drugs Used in Chemotherapy



156

(ATP) to other target proteins (e.g., threonine, serine, tyrosine) 
inducing chemical, structural, and transcriptional control changes 
in these proteins. Therefore, it results in functional alterations of 
these proteins and alteration of their enzymatic activities. The 
binding between the ligand and its receptor results in the phos-
phorylation of the intracellular domain of the receptor, through 
the reaction between ATP and tyrosine residues, causing the phos-
phorylation of target proteins. Intracellular phosphorylation initi-
ates cascades of cytoplasmic reactions that result in diverse 
cellular responses. Activated receptors stimulate these phosphory-
lation cascades, occurring sequential enzymatic interactions that 
constitute these signaling pathways. The transduction of intracel-
lular signals is the way in which the cell receives a certain type of 
signal and transmits it to different pathways, which can be trans-
formed until reaching the effector function by changing behavior 
of the cell and emitting signals to divide, proliferate, or provoke 
cell apoptosis [42, 43].

Due to their essential role in the process of cell proliferation, 
glycogen metabolism, apoptosis, neurotransmission, oncogenesis, 
dysregulation, or overexpression of receptors in general, PTKs 
have been studied and researched all around the world. Because of 
that, the main groups of protein kinases, their characteristics, and 
their main activities in cell metabolism will be discussed here. 
There are some main types of protein kinases: protein kinase A 
(PKA), protein kinase C (PKC), calcium-dependent protein kinase 
Ca 2 / calmodulin (CaMK), cyclin-dependent protein kinase 
(CDK), protein kinases activated by mitogens (MAPK), tyrosine 
kinases (PTKs), and receptor tyrosine kinases (RTKS) [44].

4.14  The Main Types of Signal Transduction 
Pathways

4.14.1  Via Ras/Raf/MEK/ERK

Growth factors and mitogens use the Ras/Raf/MEK/ERK sig-
naling cascade to transmit signals from their receptors to regu-
late gene expression and prevent apoptosis. This pathway is 
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often activated in certain tumors by chromosomal transloca-
tions, such as BCR-ABL, mutations in cytokine receptors, or 
overexpression of wild-type or mutated receptors, for example, 
the EGFR. Raf/MEK/ERK is also a pathway that has profound 
effects on the regulation of apoptosis by post-translational phos-
phorylation of apoptotic molecules, and this pathway has sev-
eral effects that can regulate cell cycle progression, apoptosis, or 
differentiation [45, 46].

The activation of this Ras/Raf/MEK/ERK pathway can occur 
either by mutations in growth factor receptors (GFR) or by 
appropriate stimulation of growth factors (GF). Furthermore, 
mutations can occur in intrinsic members of the pathway (Ras, 
Raf, MEK1) [46].

Other mechanisms activated by ras/raf/mek/erk are cell 
survival, motility, invasion, and proliferation, as shown in 
Fig. 4.2 [47]:

4.14.1.1  Via PI3K/PTEN/AKT/mTOR
The PI3K/PTEN/AKT/mTOR pathway is frequently activated in 
several human cancers and has been considered a promising 
 therapeutic target. Possible mechanisms by which the PI3K/
PTEN/AKT/mTOR axis contributes to oncogenesis include stim-
ulation of proliferation, survival, cell metabolism, invasion and 
metastasis, suppression of autophagy, and senescence [48]. Look 
at Fig. 4.3 where the schematic shows the operation of this path-
way.

The activation of the PI3K/PTEN/AKT/mTOR pathway con-
tributes to the development of tumors and resistance to anticancer 
therapies. This pathway is found unregulated in almost all human 
cancers, such as breast cancer, colorectal cancer, and hematologic 
malignancies, which demonstrates the need to explore this path-
way as a potential therapeutic direction in cancer treatment. The 
safety and efficacy of these therapeutic approaches have been 
investigated in numerous preclinical and clinical studies, and it is 
becoming increasingly clear that PI3K inhibitors are effective in 
inhibiting tumor progression [49].
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The Ras/Raf/MEK/ERK and PI3K/PTEN/Akt/mTOR cas-
cades are often activated by genetic alterations in signaling mol-
ecules such as receptor tyrosine kinases (RTKs). The integral 
components of these pathways, Ras, B-Raf, PI3K, and PTEN, are 
also activated/inactivated by mutations. These pathways have pro-
found effects on proliferative, apoptotic, and differentiation path-
ways. Dysregulation of these pathways may contribute to 
resistance to chemotherapy drugs, cancer-initiating cell prolifera-
tion, and premature aging. These pathways play important roles in 
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Fig. 4.2 Ras/Raf/MEK/ERK signaling pathway  – Growth factors and 
growth factor receptors activate Ras gene phosphorylation which will trigger 
the activation of other B-Raf/MEK/ERK genes, resulting in activities in the 
cell nucleus that will result in the maintenance of cell survival, motility, inva-
sion, and proliferation
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regulating the growth of normal and malignant cells. Inhibitors 
that target these pathways have many potential uses in suppress-
ing cancer, proliferative diseases, as well as aging [45, 46].

There are several effective inhibitors specific to many of the 
major components of Ras/Raf/MEK/ERK and PI3K/PTEN/Akt/
mTOR.  These specific inhibitors have been developed and are 
currently used in clinical practice around the world in anticancer 
therapies [46].
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Fig. 4.3 PI3K/PTEN/Akt/mTOR signaling pathway  – Growth factors and 
growth factor receptors activate the PI3K protein that will trigger the activa-
tion of the other AKT and mTOR genes, resulting in activities in the cell 
nucleus that will result in an activation of oncogenesis, maintenance of sur-
vival and increase in cell metabolism, proliferation, invasion, and metastasis. 
PTEN inhibits the activation of PI3K; therefore it inhibits the activation of 
this signaling pathway
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4.14.2  Description of the Main PTKs Involved 
in the Signaling Pathways

4.14.2.1  RAS
The RAS (rat sarcoma) gene family consists of three members: 
KRAS (Kirsten rat sarcoma viral homolog oncogene), HRAS 
(Harvey rat sarcoma viral homolog oncogene), and NRAS (neu-
roblastoma RAS viral oncogene homolog) [50].

The RAS family (KRAS, NRAS, and HRAS) is the most fre-
quent mutated gene family in cancers. KRAS mutations are 
known causes of three of the deadliest cancers (lung cancer, 
colorectal cancer (CRC), and pancreatic cancer) and are also 
found in papillary thyroid cancers and some leukemias. On the 
other hand, mutations in NRAS genes are found more frequently 
in cases of melanoma, but they can also be found in anaplastic and 
follicular thyroid cancers, whereas HRAS mutations are found in 
squamous cell carcinomas (SCC) of the head and neck, urothelial 
carcinoma of the bladder, and rarely in renal cell carcinomas [50].

In normal cells, RAS is activated through growth factor recep-
tors on cell membranes, and when in its GTP-bound state, RAS 
interacts by activating various effector pathways, for example, 
mitogen-activated protein kinase (MAPK) and phosphatidylinosi-
tol 3-kinase (PI3K) pathway. RAS mutations keep the RAS in its 
active state, bound to GTP, activating the signaling pathways that 
result in tumor cell growth [50].

RAS proteins are activated through extracellular stimuli in the 
plasma membrane surface receptors, e.g., receptor tyrosine 
kinases (RTKs). These signals replace the inactive RAS bound to 
GDP with GTP, and this binding of RAS to GTP makes it active 
by stimulating intracellular signaling from various pathways, 
causing changes, for example, in mechanisms that lead to cell 
transformation, invasion, and metastasis. The most widely stud-
ied effectors for RAS signaling are the Raf serine/threonine 
kinases (c-Raf-1, A-Raf, B-Raf). The recent identification of 
mutated B-Raf in several types of human cancers provides vali-
dation of the importance of this effector pathway in oncogenesis. 
RAS promotes the association of Raf with the plasma membrane, 
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where other events facilitate Raf activation. Raf then phosphory-
lates and activates the dual specificity kinases MEK1 and MEK2 
which are mitogen-activated protein kinases ERK1 and ERK 2 
(MAPKs) [51].

4.14.2.2  RAF
RAF proteins are essential components of the RAS/RAF/MEK/
ERK signaling cascade, and there are three isoforms: CRAF, 
BRAF, and ARAF. CRAF (also called Raf −1) is the first RAF 
protein identified, followed by ARAF and BRAF [47, 52].

Although they have similar molecular structures, RAF proteins 
perform quite different activities. BRAF is one of the main targets 
of genetic mutations in oncogenesis; it has the highest activity 
among three isoforms. [47, 52]

For RAF research, the first attentions were on the CRAF and 
after, were transferred to the BRAF after the discovery in 2002 
that BRAF mutations (especially BRAF V600E) had a substitu-
tion of V600E (valine for glutamate) that occurs adjacent to a 
phosphorylation site, which occurs in a large percentage of cer-
tain types of cancer, especially melanoma [47, 52].

BRAF Inhibitors: Dabrafenib, Encorafenib, Vemurafenib, 
Sorafenib [4].

4.14.2.3  MEK (Methyl Ethyl Ketone)
MEK was independently identified by various groups as an RAF 
substrate in 1992. Recent studies have provided detailed mecha-
nisms of RAF phosphorylation and MEK activation. As substrate, 
MEK needs to be recruited by RAF prior to activation. In quies-
cent cells, BRAF and MEK form a heterodimer in the cytosol. In 
contrast to RAS and RAF mutations, MEK mutations are much 
less common in cancer genomes [52].

MAPK (MEK) is a RAS pathway kinase also known as 
MAPKs found in two different forms MEK1 and MEK2. These 
kinases, when phosphorylated, later activate to ERKs (ERK1 
and ERK2). They are the only known catalytic substrates for 
RAF kinase. When RAS binds to RAF, it activates MAP-ERK 
kinases that are responsible for cell growth, proliferation, 
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survival,  translation, lipid metabolism, transcription, and pro-
tein acetylation [53].

Selective MEK inhibitors represent a new therapeutic option, 
having been shown to inhibit growth and induce cell death in mel-
anoma cells with BRAF and NRAS mutations [52].

MEK1 and MEK2 inhibitors in combination with BRAF, 
KRAS, and PI3K inhibitors have shown promising results in 
mutated metastatic melanoma, colorectal adenocarcinoma with 
KRAS mutation, metastatic pancreatic adenocarcinoma, GIST, 
solid tumor, recurrent or refractory multiple myeloma, and recur-
rent melanoma [53].

MEK Inhibitors: Binimetinib, Cobimetinib, Trametinib [4].

4.14.2.4  ERK
ERK1 and ERK2 are serine/threonine protein kinases that partici-
pate in the RAS-Raf-MEK-ERK signal transduction cascade. 
While the RAF kinases and MEK families have narrow substrate 
specificity, ERK1 AND ERK2 catalyze the phosphorylation of 
hundreds of cytoplasmic and nuclear substrates, including regula-
tory molecules and transcription factors [54].

ERK cascades are involved in physiological responses as 4well 
as in maladaptive processes leading to diseases, for example, 
oncogenes have been identified within the ERK 1/2 signaling 
pathway in tumor cells [5].

Of several MAPKs, signal transduction via extracellular 
signal- regulated kinase (ERK) 1/2 is crucial for neurotrophin and 
growth factor-mediated neuronal responses. The RAS protein 
recruits RAF kinase to the membrane, where it is phosphorylated 
and activated by Ser /Thr /Tyr kinases. This leads to activation of 
ERK kinase (known as MEK). MEK then phosphorylates and 
activates ERK1/2 at Ser /Thr residues. After activation, ERK1 and 
ERK2 can phosphorylate regulatory targets in the cytosol or 
translocate to the nucleus and phosphorylate common substrates, 
including extracellular proteins, effectors, and transcription fac-
tors, resulting in a variety of responses such as cell proliferation, 
differentiation, expression gene, and the cell cycle response of 
neurons to neural activity [55].
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4.14.2.5  PI3K
Phosphatidylinositol-3-kinases (PI3Ks) are a family of intracel-
lular heterodimeric lipid kinases that respond to nutrition, growth 
factor, and play a critical role in the regulation of many biological 
functions, including cell growth, proliferation, survival, differen-
tiation, metabolism, motility, genomic stability, protein synthesis, 
and angiogenesis [56].

PI3Ks are divided into three classes (I–III) based on structural 
and biochemical properties. Class I PI3Ks are the main family of 
PI3K, and the enzymes are known to boost oncogenesis. Class IA 
PI3Ks are given activation through tyrosine kinase receptor sig-
nals (including HER, FGFR, and IGF-1) and G-protein-coupled 
receptors [56].

When PI3K is activated, it catalyzes the phosphorylation of PIP2 
and PIP3 which will activate kinases involved in cellular mecha-
nisms of activation of cell proliferation and multiplication [49].

Mutations in PI3K are often seen in the case of breast cancer, 
resulting in an uncontrolled, drug-resistant cell growth tumor [56].

Inhibition of PI3K can result in decreased cell proliferation 
and increased cell death [49].

PI3K Inhibitors: Alpelisib, Copanlisib, Duvelisib, Idelalisib [4].

4.14.2.6  AKT
AKT kinases are molecules that signal cell growth and differen-
tiation. AKT is a well-characterized effector of PI3K in the PI3K 
/ Akt / mTOR signaling pathway and its dysregulation plays an 
important role in the development of many human cancers. 
Increased AKT kinase activity has been reported in breast cancer, 
epithelial ovarian, prostate, and gastric cancers. Many oncopro-
teins and tumor suppressors cross in the AKT pathway that results 
in cell proliferation, differentiation, and inhibition of apoptosis. 
The AKT pathway acts as an effective mediator by transmitting 
signals from a wide range of regulatory proteins, such as PTEN, 
PI3K, and receptor tyrosine kinases [57].

AKT kinase activity is induced by various growth factors, such 
as fibroblast growth factor (FGF), vascular endothelial growth fac-
tor (VEGF), nerve growth factor, epidermal growth factor (EGF), 
and growth factor similar to insulin (IGF), among others [57].
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4.14.2.7  mTOR
The mTOR kinase is called the rapamycin mechanistic target or 
rapamycin target in mammals. Numerous studies in non-neuronal 
cells from different species suggest mTOR as a main signal of the 
PI3K/AKT pathway in regulating the cell growth process. It has 
the remarkable ability to detect and integrate signals for cellular 
nutrients and energy to control protein synthesis and cell growth. 
The activity of this kinase is stimulated by insulin, mitogens, 
growth factors, and inhibited by low nutrient levels, growth factor 
deprivation, and cellular stress [59].

The regulation of mTOR activity by growth factors is mediated 
by the PI3K / AKT signaling pathway. Activation of AKT will 
result in other activities that will develop in the activation of 
mTOR. Activation of mTOR often results in cell growth and cell 
size increase [59].

MTOR inhibitors have been and are still intensively tested in 
oncological indications; their use in genetically defined syn-
dromes and mTOR-related pathologies are promising pathways 
for pharmacological interventions [58].

mTOR Inhibitors: Everolimus, Temsirolimus [4].

4.14.2.8  PTEN
The phosphatase and tensin homolog (PTEN) regulates the 
dephosphorylation of PIP2 and PIP3, preventing the activation of 
kinases. Therefore it is a tumor suppressor and negative regulator 
of PI3K function catalyzing the reverse reaction. The PTEN muta-
tion and loss of its function are signaling activators and activation 
of PI3K in many tumors [58].

4.14.3  Description of Top RTKs

4.14.3.1  VEGFR/VEGF
Members of the vascular endothelial growth factor (VEGF) fam-
ily act by activating tyrosine kinase-like receptors. VEGF recep-
tors (VEGFR, vascular endothelial growth factor receptor) are 
predominantly expressed on vascular endothelial cells. There are 
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three VEGF receptors, and the selective activation of each one of 
them results in different biological responses. Activation of the 
Flt-1 receptor (or VEGFR-1) induces organizational effects on the 
vascular structure; activation of the KDR receptor (or VEGFR-2) 
induces vascular endothelial cell mitosis; and activation of the 
Flt-4 receptor (or VEGFR-3, predominantly expressed in lym-
phatic vessels) induces lymphoangiogenesis [60].

VEGF Inhibitors: Axitinib, Lenvatinib, Selpercatinib, 
Vandetanib, Sunitinib, Pazopanib, Sorafenib, Regorafenib, 
Sorafenib [4].

4.14.3.2  EGFR/EGF
The epithelial growth factor receptor (EGFR) is a plasma mem-
brane glycoprotein composed of an extracellular binding domain, 
a lipophilic transmembrane segment, and an intracellular tyrosine 
kinase domain. EGFR is a member of the human epidermal 
growth factor (HER) receptor family, which includes HER-1, 
HER-2, HER-3, and HER-4, important mediators of cell growth, 
differentiation, and survival. EGFR is activated by homodimer-
ization with another EGFR or heterodimerization with another 
member of the HER family, e.g., HER-2. The EGFR family com-
prises four growth factor tyrosine kinase receptors: EGFR itself 
(ErbB1), (EGFR/HER1), ErbB2 (HER2/neu), ErbB3 (HER3), 
and ErbB4 (HER4) [60].

EGFR Inhibitors: Gefitinib, Erlotinib, Dacomitinib, Afatinib, 
Lapatinib, Neratinib, Osimertinib, Vandetanib, Cabozantinib [4].

4.14.3.3  HER
Among the RTKs, the human epidermal growth receptor (HER) 
family plays an important role in the development and  progression 
of human cancer. Family members are extensively regulated, 
mutated, and overactivated in human cancer, and they regulate 
various characteristics of cancer and serve as a prototype for tar-
geting cell surface RTKs in cancer therapy [61].

The human EGF receptor (HER) family consists of four mem-
bers that belong to the ErbB proteins (ErbB1–4). The epidermal 
growth factor receptor gene family includes (i) EGFR /ERBB1/
HER1, (ii) ERBB2/HER2/NEU, (iii) ERBB3 / HER3, and (iv) 
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ERBB4/HER4. Although similar, the HER is the most commonly 
used nomenclature in articles and clinical reports, while the ErbB 
nomenclature is associated with biological sciences [62].

Members of the HER family  – EGFR, HER2, HER3, and 
HER4 – exhibit distinct and also shared structural characteristics, 
which allow these receptors to recognize growth factors in a dif-
ferential way, using various mechanisms of activation of these 
receptors [61].

Since the discovery of the founding member of the HER fam-
ily, the EGFR, the HER field has made progress in all three areas 
of HER research: basic, translational, and clinical. The central 
role of HERs in cancer biology has become more apparent, and 
this understanding has fueled some of the greatest advances in 
cancer therapy. Understanding the biology of HER3 initially took 
time because some of the paradigms applied to EGFR, HER2, and 
RTK are not applied to HER3, which is a pseudokinase receptor. 
These advances have led to the acceptance of the HER family as 
the preferred therapeutic target in a large number of types of epi-
thelial tumors [61].

HER Inhibitors: Lapatinib inhibits HER-2, neratinib inhibits 
HER-2 and HER-4, and tucatinib inhibits HER-2 [4].

4.14.3.4  FGFR
Fibroblast growth factor receptors (FGFRs) are a family of RTKs 
encoded by four different genes, namely, FGFR1, FGFR2, 
FGFR3, and FGFR4. These receptors are involved in signaling 
axes that result in cell proliferation, differentiation, and angiogen-
esis. Furthermore, they influence MAPK activation, inhibition of 
apoptosis, and promotion of cell survival through the PI3K/AKT 
pathway and are involved in cell migration through the activation 
of phosphokinase C (PKC), in addition to triggering the Janus 
kinase (JAK)-signal transducer and activator of transcription 
(STAT) pathway [63].

More than 4000 solid tumors have been evaluated and molecu-
larly sequenced, and the analysis of results indicates that approxi-
mately 7% of cancers are characterized by FGFR gene mutations, 
the majority by gene amplification, others by gene mutations and 
a minority by genetic rearrangements [63].
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FGFR1 has been identified in types of non-small cell lung can-
cer and small cell lung cancer, hormone positive breast tumors, 
bladder cancer, glioblastoma, and Ewing’s sarcoma. FGFR2 
amplification was found in small percentages of triple negative 
breast cancer, endometrial, gastric tumors, urothelial tumors, and 
lung cancer. They are present in adenocarcinomas and squamous 
cell carcinomas of the lung, thyroid, prostate, and cholangiocarci-
nomas. FGFR3 amplification is found in autothelial, breast, thy-
roid, gallbladder, and adenoid cancers. Somatic FGFR3 mutations 
are reported more frequently in non-muscle invasive bladder can-
cer than in invasive bladder tumors. Also found in cervical cancer, 
multiple myeloma, and seminomas. The FGRF4 mutation is 
rarely found in human neoplasms; however, it has been reported 
to induce the activation of rhabdomyosarcoma in childhood [63].

FGFR Inhibitors: Erdafitinib, Pemigatinib [4].

4.14.3.5  c-KIT
c-KIT, a type III receptor tyrosine kinase (RTK), plays a crucial 
role in cancer occurrence. Currently, c-KIT is mainly considered 
a stem cell factor (SCF), which participate in vital functions of the 
human body, such as fertility, homeostasis, and melanogenesis; 
however, early studies of c-KIT introduced it as an oncogene [64].

Dysregulation of c-KIT, including overexpression and gain of 
function mutations, has been detected in several human cancers. 
Leukemia is the first cancer linked to c-Kit mutation. Subsequent 
studies reported that the c-KIT activating mutation is found in 
almost all cases of systemic mastocytosis and other hematopoietic 
tumor diseases. These findings support the hypothesis that the 
c-KIT target is possibly located in the stem cell compartment. It 
has been reported that c-KIT is primarily related to  gastrointestinal 
stromal tumor (GIST), with 80% of all GIST cases. Therefore, the 
use of KIT inhibitors has provided new discoveries for the treat-
ment of cancer. In addition, KIT mutations have been detected in 
cancers such as leukemia, unilateral ovarian dysgerminoma, and 
melanoma, among others [64].

Studies reveal that targeting c-KIT as an oncogene using kinase 
inhibitor drugs is a promising approach to cancer treatment. 
However, a number of issues have been raised in relation to this 
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approach. For example, resistance to imatinib, a famous c-KIT 
inhibitor drug, has been observed in several cases and is attributed 
to alterations in c-KIT mutations; in addition, c-KIT is expressed 
in normal tissues such as breast epithelial, vascular endothelial, 
sweat glands, and retinal astrocytes. In this regard, c-KIT muta-
tions cannot be considered a risk factor for the occurrence of can-
cer. Therefore, targeting c-KIT for cancer treatment is only 
feasible in cases where c-KIT is the “conductor” of cancer [64].

KIT Inhibitors: Nilotinib, Ripretinib, Sorafenib, Cabozantinib 
(Cabometyx), Pazopanib [41].

In Table 4.1, we have listed the main protein kinases and their 
main inhibitors currently used in clinical practice in oncology [4], 
as it follows:

4.15  Immunomodulators

The first compound of this class was thalidomide, developed in 
1954 with sedative hypnotic purpose, and later scandalized due to 
its teratogenicity (pregnant women who used thalidomide had 
babies with developmental disabilities, such as phocomelia) [65].

However, a few years later, therapeutic properties and advan-
tages were discovered for thalidomide, such as the treatment of 
leprous erythema nodosum, autoimmune diseases, and multiple 
myeloma. Once again in market, it was approved for other uses. It 
is one of the most successful cases of drug repositioning. In coun-
tries like the USA, Japan, and Brazil, it is controlled by specific 
and rigorous systems of access and dispensing [65].

With properties such as reduced production of tumor necrosis 
factor, antiangiogenic, antiproliferative effects and 
 down- regulation of crucial cytokines, thalidomide has gained 
some analogs: lenalidomide and pomalidomide (INN; marketed 
as Pomalyst in the USA and Imnovid in the European Union and 
Russia) [65, 66].

The three drugs mentioned are administered orally.
Thalidomide (first generation drug) has significant toxicity in 

elderly patients. As it has a sedative effect, it is recommended to 
be administered at night. Do not ingest with food. One of the 
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most common reactions, and delicate management is peripheral 
neuropathy. It can also cause fatigue, edema, and muscle weak-
ness [4, 67].

Lenalidomide (second generation drug) is more potent, has 
fewer adverse effects, is used in newly diagnosed multiple 
myeloma, relapsed refractory myeloma, and as maintenance ther-
apy after autologous stem cell transplantation (ASCT). It inhibits 
hematopoietic tumor cell profiling, increases mediated immunity 
to T cells and NK cells, and increases the number of NKT cells; 
inhibits angiogenesis by blocking migration and adhesion of 
endothelial cells and the formation of microvessels; increases 
fetal hemoglobin synthesis by CD34+ hematopoietic stem cells 
and inhibits the production of proinflammatory cytokines (e.g., 
TNF-α and IL-6) by monocytes. It can be taken with or without 
food. It may cause reactions such as myelosuppression, diarrhea, 
nausea, and peripheral edema [4, 5, 67]..

Pomalidomide (a third-generation drug), on the other hand, is 
10 times more potent than lenalidomide and has shown excellent 
results in patients with relapsing multiple myeloma and in those 
refractory to lenalidomide and bortezomib. Smoking reduces its 
plasma concentration curve due to CYP1A2 induction. It can 
cause reactions such as fatigue, neutropenia, hypercalcemia, and 
muscle spasms [5, 67].

During therapy using these drugs, the patient is at an increased 
risk of suffering thrombotic events, such as deep vein thrombosis 
and pulmonary embolism. It is recommended that the need for 
concomitant use of prophylactic anticoagulant (such as acetylsali-
cylic acid/aspirin) be evaluated [5].

4.16  Radiopharmaceuticals

It is known as radiopharmaceutical therapy (RPT); the use of 
radioactive atoms seeking targets associated with tumors is an 
emerging treatment modality with several advantages over exist-
ing treatments [68]. Some of the drugs used in this modality are:
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• Radium chloride (223 RA): It emits alpha particles and mimics 
calcium, presenting an antineoplastic effect on bone metasta-
ses due to DNA breakage in adjacent cells [4].

• Iobenguane I 131: It is a Iobenguane labeled with Iodine-131. 
It accumulates in innervated adrenergic tissues such as the 
heart, lungs, adrenal medulla, salivary glands, liver, and spleen; 
as well as in tumors originating from the neural crest that 
express high levels of the NE transporter on their cell surfaces. 
It promotes cell death and tumor necrosis [4].

• Lutetium-Dotatate (177Lu-Dota): radiolabeled somatostatin 
analogue; it is used for malignant tumors that express soma-
tostatin receptors. It provokes cell damage, through the forma-
tion of free radicals, also reaching neighboring cells [4].

4.17  Other Drugs

• Arsenic Trioxide: Indicated for acute promyelocytic syndrome, 
usually with associated tretinoin. This drug is for intravenous 
use, and does not have a fully elucidated action mechanism. In 
vitro, it causes morphological changes and DNA fragmenta-
tion in human promyelocytic leukemia NB4 cells, generating 
apoptosis. It also damages and degrades the PML/RARα 
fusion protein. It can cause reactions such as differentiation 
syndrome, abnormalities in cardiac conduction, and encepha-
lopathy [4, 5].

• Bexarotene: It is a retinoid, which induces tumor regression by 
activating the retinoid receptor X, regulating genes that control 
cell differentiation. It has hepatic metabolism and renal excre-
tion. It can suppress TSH levels, causing hypothyroidism, so 
it’s important to monitor. Other possible reactions can be pan-
creatitis, photosensitivity, and lipid abnormality [5].

• Tretinoin: It is a retinoid that induces differentiation and inhi-
bition of cell proliferation in transformed hematopoietic cell 
lines. It is used for acute promyelocytic leukemia, but its 
mechanism of action on this disease is not fully known yet. It 
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has hepatic metabolism and renal and fecal excretion. 
Administered orally, it is recommended to be ingested with or 
after a meal. Some of its reactions are cardiotoxicity, fever, and 
otalgia [4].
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5.1  Introduction

According to the World Health Organization (WHO), there are 
more than 20 million new cases of cancer in the world by 2025, 
which makes cancer a public health problem, especially among 
still developing countries, where the impact is expected to be cor-
responding to 80% of new cases forecast for 2025 [9].

There are also an estimated 5210 new cases of non-Hodgkin’s 
lymphoma (NHL) in men and 5030 in women in 2016. These val-
ues correspond to an estimate of 5.27 new cases for every 100,000 
men and 4.88 for every 100,000 women. Regarding the cases of 
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leukemia, there were a total of 5540 new cases in men and 4530 in 
women, with values of 5.63 new cases per 100,000 men and 4.38 
per 100,000 women. More current data show that, in the 2018–
2019 biennium, there were more than 600,000 new cases of can-
cer per year, of which 10,800 were leukemic, 10,180 NHL, and 
2530 LH [10].

The basic treatment for onco-hematologic diseases is chemo-
therapy. Such methodology uses chemical compounds, called 
chemotherapeutics, in the treatment of diseases caused by bio-
logical agents. When applied to cancer, it is called anticancer che-
motherapy. Chemotherapy drugs do not act exclusively on tumor 
cells, affecting both tumor and normal cells as well. Therefore, 
some structures such as bone marrow, hair, and digestive tube 
mucosa can be affected by their action, mainly due to the degree 
of renewal of these tissues [13].

Neutropenia is one of the most common complications result-
ing from chemotherapy, causing a decrease in the number of neu-
trophils, a decrease in protective barriers, and changes in the 
microbiota, predisposing a high potential for infection, being con-
sidered a case of medical emergency, as it can evolve quickly and 
can lead to death of individuals [17].

5.2  Oncohematological Cancers

5.2.1  Leukemias

Leukemia is one of the main diseases afflicted by the population, 
has an unknown origin most of the time, and mainly affects the 
leukocyte-type defense cells, with the main characteristic of the 
accumulation of young abnormal cells in the bone marrow, which 
end up replacing the normal cells of the body [8].

Leukemias can be grouped and classified in different ways, 
and one of them is the evolution time, which can be chronic or 
acute. In acute leukemia, leukemic cells grow exorbitantly and 
very quickly in a short period of time. In chronic leukemia, the 
disease slowly worsens as the number of white blood cells 
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increases. In addition, there is another classification for leukemia, 
which can be classified according to the type of cell that is affected 
by the disease, that is, those that affect lymphoid cells are called 
lymphoid, lymphocytic, or lymphoblastic cells; those that affect 
myeloid cells are called myeloid or myeloblastic [15].

Therefore, the most common leukemic cancers are chronic 
lymphoid leukemia (CLL), acute lymphoid leukemia (ALL), 
chronic myeloid leukemia (CML), and acute myeloid leukemia 
(AML) [7].

5.2.1.1  Acute Lymphoid Leukemia (ALL)
ALL is a disease derived from undifferentiated lymphoid cells 
that are present in different organs of our body, such as bone mar-
row, thymus, and lymph nodes. There is an accumulation of these 
cells at different stages of the maturation process, having the abil-
ity to multiply a lot, but not for mature and normal cells, but for 
young and immature cells. ALL can occur at any age, but its 
recurrence is greater among children aged 2–5 years, white and 
male [5].

The most commonly used treatment schemes in pediatric and 
adult ALL are, in general, the same drugs in different combina-
tions and schemes. Superiority of one scheme over another is not 
established. Many of the schemes, particularly pediatric ones, 
included cranial caudal radiotherapy (RT) as CNS prophylaxis. 
However, with a higher rate of medium- and long-term complica-
tions with RT in the pediatric population, studies and analyses 
were conducted to assess the impact of omission of RT in treat-
ment protocols that included CNS penetrating drugs and intrathe-
cal applications. A prospective study with 501 patients treated 
with a scheme without RT showed CNS recurrence rates similar 
to protocols with RT [39].

Pediatric schemes incorporate asparaginase which in adults 
can present significant toxicity, especially in those aged >40–
45 years. The function of this agent is to deplete the serum levels 
of asparagine, a fundamental amino acid for lymphoblasts to 
maintain their viability. Asparaginase formulations come from 
Escherichia coli (E. coli) or Erwinia chrysanthemi. Thus, allergic 
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and infusional reactions can occur with the administration of 
these agents (stimulated by the bacterial protein). The allergic 
reaction may be associated with the production of anti- 
asparaginase antibodies with greater clearance of this medication 
and subsequent lower efficacy. Serum asparaginase levels >0.1 IU/
mL in the nadir are associated with more effective asparagine 
depletion and greater antitumor activity. Serum levels below this 
value may compromise the antileukemic activity of this agent. 
Therefore, it is important to measure the serum level of asparagi-
nase in patients who present allergic reactions to the drug. If there 
is documentation of inadequate serum levels, it is necessary to 
switch to an alternative formulation (Erwinia). In fact, serum 
asparaginase levels have been correlated with antileukemic activ-
ity and survival in pediatric studies [40].

Initial default scheme

Induction 
(4 weeks)

Vincristine, 1.5 mg/m2/week IV, for 4 weeks on D0, D7, 
D14, and D21; daunorubicin, 25 mg/m2/week IV, for 
4 weeks on D0, D7, D14, and D21; prednisone, 60  
mg/m2/day VO, for 28 days, on D0, D7, D14, and D21; 
asparaginase, 6000 IU/m2 IM, 3×/week, for 9 doses (start 
in the first week); cytarabine, 100 mg intrathecal on D0; 
and methotrexate, 12 mg intrathecal on D14

Consolidation 
(5 weeks)

Prednisone, 7.5 mg/m2 VO, in D0, 3.75 mg/m2 VO, in D1 
and D2; cyclophosphamide, 1000 mg/m2 EV, in D0 and 
D14; 6-mercaptopurine, 60 mg/m2/day VO, from D0 to 
D27; vincristine, 1.5 mg/m2 EV, on D14, D21, D42, and 
D49; cytarabine, 75 mg/m2/day EV, from D1 to D4, from 
D8 to D11, from D15 to D18, and from D22 to D25; 
methotrexate, 12 mg intrathecal, in D1, D8, D15, and 
D22; cranial RT, 1800 cGy in 10 fractions if CNS not 
involved in the initial presentation, 2400 cGy cranial in 
12 fractions, and 600 cGy in the axial spine in 3 fractions 
if involvement of the CNS in the initial presentation

Maintenance 
(8 weeks)

6-mercaptopurine, 60 mg/m2/day PO, from D0 to D41; 
methotrexate, 15 mg/m2 PO, in D0, D7, D14, D21, D28, 
and D35
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Initial default scheme

Late 
intensification 
(7 weeks)

Reinduction phase (4 weeks): dexamethasone, 10  
mg/m2/day orally, from D0 to D20, with gradual 
decrease for 7 days; vincristine, 1.5 mg/m2 IV in D0, 
D14, and D21; doxorubicin, 25 mg /m2 EV, in D0, D7, 
and D14. Reconsolidation phase (3 weeks): 
asparaginase, 6000 IU/m2 IM, on D3, D5, D7, D10, 
D12, and D14; vincristine, 1.5 mg/m2 EV, on D42 and 
D49; cyclophosphamide, 1000 mg/m2 IV, on D28; 
thioguanine, 60 mg/m2/day orally, from D28 to D41; 
cytarabine, 75 mg/m2/day IV or SC, from D29 to D32 
and from D36 to D39; methotrexate, 12 mg intrathecal, 
in D29 and D36

Extended 
maintenance 
(12 weeks)

Vincristine, 1.5 mg/m2 IV, on D0, D28, and D56; 
prednisone, 40 mg/m2/day VO, from D0 to D4, from D28 
to D32, and from D56 to D60; 6-mercaptopurine, 75  
mg/m2/day PO, from D0 to D83; methotrexate, 20 mg/m2 
PO, on D7, D14, D21, D28, D35, D42, D49, D56, D63, 
D70, and D77; methotrexate, 12 mg intrathecal, on D0

Dose reduction Suspension of asparaginase if there is liver, pancreatic, or 
allergic disorder. Reduce vincristine to 1 mg if bilirubin 
is >2 mg/dL; doxorubicin by 25% if bilirubin is 2–3  
mg/dL; in 50% if it is 3–4 mg/dL and in 75% if >4 mg/
dL; prednisone by 30% if there is hypertension or 
diabetes. Use it in the prevention of hemorrhagic cystitis 
by cyclophosphamide (dosing from 80 to 100% of the 
dose of cyclophosphamide, 40% IV immediately before, 
20% during and 20% after 4 and 8 h)

Source: Williams et al. [39]

With all schemes, long-term consequences can occur, particu-
larly when affecting younger individuals. Among the complica-
tions are melanoma, sarcoma, breast cancer, colorectal cancer, 
hormonal changes, sexual dysfunction, lung and heart diseases, as 
well as cognitive changes. Less exposure to chemotherapy and 
radiotherapy treatment has contributed to the reduction of these 
late complications [41].

5.2.1.2  Acute Myeloid Leukemia (AML)
AML is a neoplasm derived from hematopoietic precursors or 
myeloid stem cells, which causes anemia, neutropenia, and 
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thrombocytopenia precisely because of the accumulation of blast 
cells in the marrow. It accounts for about 90% of leukemias in 
adult life, affecting mainly young people and adults with more 
advanced ages (Table 5.1). The diagnosis became more specific 
due to monoclonal cells and through the laboratory test called 
flow cytometry [21].

Table 5.1 Chemotherapy protocols according to adopted criteria

Criteria Recommendations

Patients 
<60–70 years 
old eligible for 
intensive 
chemotherapy

Induction: the standard treatment, known as 7 + 3, 
consists of daunorubicin, 60–90 mg/m2 EV, in D1, D2, 
and D3 or idarubicin, 12 mg/m2 EV, in D1, D2, and D3 
and cytarabine, 100 at 200 mg/m2 IV, by continuous 
infusion, for 24 h, from D1 to D7, for a maximum of 
2 cycles. One can also consider as an alternative: (a) 
daunorubicin, 60–90 mg/m2 IV, in D1, D2, and D3 or 
idarubicin, 12 mg/m2 IV, in D1, D2, and D3; cytarabine, 
100–200 mg/ m2 IV, by continuous infusion, for 24 h, 
from D1 to D7; cladribine, 5 mg/m2 IV, in 3 h, from D1 
to D5, for a maximum of 2 cycles; (b) FLAG-Ida with 
or without gentuzumab mainly in young patients with 
favorable cytogenetic risk: fludarabine, 30 mg/m2 IV, 
from D2 to D6; cytarabine, 2 g/m2 IV, in 4 h, starting 
4 h after fludarabine D2 to D6; filgrastim, 300–480 mcg 
SC, from D1 to D7 and idarubicin, 8 mg/m2 IV, from 
D4 to D6. When used, the dose of gentuzumab 
ozogamycin is 3 mg/m2 IV in 2 h on D1 of cycle 1 only. 
Repeat FLAG-Ida for a maximum of 2 cycles, with 
gentuzumab being used only in the first cycle

Patients under 
60–70 years of 
age eligible for 
intensive 
care – 
consolidation

Consolidation: patients at favorable or intermediate risk 
receive 3 or 4 cycles of high doses of cytarabine, 
1.5–3.0 g/m2 (HiDAC), for 3 h, every 12 h on alternate 
days, on D1, D3, and D5 – total of 6 doses or 
1–2 cycles of HiDAC followed by autologous bone 
marrow HSCT. Individuals at intermediate cytogenetic 
risk may be considered for allogeneic HSCT as a 
consolidation regimen. Unfavorable risk patients should 
be referred for allogeneic HSCT in first remission if 
they have a related histocompatible donor
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5.2.1.3  Chronic Lymphoid Leukemia (LLC)
CLL accounts for about one third of all leukemias, affecting 
mainly older people, rarely seen in patients under 30–40 years of 
age and quite rare in children. It is characterized by the accumula-
tion of monoclonal lymphocytes [4].

The following is the description of the recommendation for fit 
patients with mutated IGHV: (a) FCR (fludarabine, 25 mg/m2/day 

Table 5.1 (continued)

Criteria Recommendations

Patients aged 
60–75 years old

Patients over 60 years old, with good performance 
index and without comorbidities should be considered 
for the “7 + 3” regimen (idarubicin, 12 mg/m2 IV, or 
daunorubicin, 45–90 mg/m2) IV, in D1, D2, and D3 and 
cytarabine, 100–200 mg/m2 IV, by continuous infusion, 
for 24 h, from D1 to D7. Consolidation: individuals 
who achieve CR after induction should be considered 
for reduced intensity allogeneic HSCT. At least one 
cycle of consolidation with HiDAC should be 
considered with doses adjusted according to age – 2 g/
m2 (patients over 60 years old) or 1.5 g/m2 (patients 
over 70 years old) for 3 h, every 12 h on alternate days, 
on D1, D3, and D5 – total of 6 doses – potentially 
followed by HSCT

Patients not 
eligible for 
intensive 
chemotherapy

(a) Azacitidine, 75 mg/m2, from D1 to D7, IV or 
subcutaneously or decitabine, 20 mg/m2, from D1 to D5 
IV + venetoclax, 400 mg daily (dose is rapidly 
escalated with 100 mg in the D1, 200 mg in D2 and 
400 mg in D3); (b) cytarabine, 20 mg/m2 subcutaneous, 
from D1 to D10 + venetoclax, 600 mg daily (dose is 
rapidly escalated with 100 mg on D1, 200 mg on D2, 
400 mg on D3, and 600 mg on D4

Patients with 
relapsed acute 
myeloid 
leukemia who 
have gene 
mutations

Patients with relapsed and/or refractory AML who have 
an HDI1 mutation should be treated, if available, with 
ivosidenib, 500 mg VO, 1×/day, continuously, from D1 
to D28. Patients with relapsed and/or refractory AML 
who have an IDH2 mutation should be treated, if 
available, with enasidenib, 100 mg VO, 1×/day, 
continuously, from D1 to D28. Alternatives for treating 
these AML subtypes in the absence of these drugs 
include the chemotherapy schemes abovementioned and 
venetoclax as a single agent
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IV, from D1 to D3; cyclophosphamide, 250 mg/m2/day IV, from 
D1 to D3; rituximab, 375 mg/m2/day IV, on D1 of cycle 1 and 
500  mg/m2/day IV, on D1 of cycles 2–6), every 28  days, for 
6  cycles. Recommended anti-infective prophylaxis, continuous 
and maintained up to 6–12  months after the end of treatment: 
sulfamethoxazole/trimethoprim, 160–800  mg orally, 3×/week 
and valaciclovir, 500  mg orally, daily (or acyclovir, 200  mg 
orally, 2 ×/day). Growth factors (G-CSF) should be used as there 
is an 85% chance of grade 3–4 neutropenia; (b) acalabrutinib, 
100 mg (1 caps.) PO, 12/12 h, in cycles of 28 days, continuous, 
from cycle 1 to progression, toxicity or doctor/patient decision, 
associated or not with obinutuzumab (G), starting only from 
cycle 2, in this cycle: 100 mg on D1, 900 mg on D2, 1000 mg on 
D8 and D15; from cycles 3 to 7: 1000 mg on D1, for a total of 
6 cycles of 28 days. The same prophylactic guidelines for ibruti-
nib should be followed, reinforcing the use of antivirals due to 
the anti-CD20 antibody; (c) ibrutinib, 420 mg (3 caps. of 140 mg) 
VO continuous until progression, toxicity, or decision of the doc-
tor/patient [42].

5.2.1.4  Chronic Myeloid Leukemia (CML)
CML is a myeloproliferative disorder, in which there is a lot of 
release of granulocytic cells as a result of the clonal expansion 
process (Table 5.2). Signs of the disease are leukocytosis, myeloid 
hyperplasia, basophilia, and neutrophilia. It is characterized by an 
acquired mutation that affects hematopoietic stem cells, differing 
from other leukemias in that approximately 90% of patients have 
a marker karyotype, the Philadelphia chromosome (Ph), resulting 
from a translocation involving chromosomes 9 and 22, allowing 
us to relate this change and/or mutation to CML [20].

5.2.2  Lymphoma

Lymphomas (LF) start from the transformation of a lymphocyte 
into the lymphatic system. The prefix “lymph” indicates its origin 
from the transformation of a lymphocyte, and the suffix “oma” is 
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derived from the Greek word meaning “tumor.” They are the 
result of damage to the DNA of a lymphocyte that occurs after 
birth and therefore represents an acquired disease rather than an 
inherited disease. This alteration or mutation in the lymphocyte 
DNA generates a malignant transformation: it results in the 
uncontrolled and excessive growth of the lymphocyte, providing a 
competitive advantage to the malignant lymphocytes and the cells 
formed from their multiplication. The accumulation of these 
dividing cells results in tumor masses in lymph nodes and other 
locations [27].

Lymphomas usually start in lymph nodes or in clumps of 
lymph tissue present in organs such as the stomach and intestines. 
In some cases, lymphomas can involve the bone marrow and 

Table 5.2 Initial recommendations for CML

Treatment of the Chronic Phase in First Line
First 
generation 
tyrosine kinase 
inhibitor

First line treatment: imatinib, 400–800 mg orally, 1×/day

Second 
generation 
tyrosine kinase 
inhibitor

First line treatment: dasatinib, 100 mg orally, 1×/day, or 
nilotinib, 300 mg orally, 2×/day. Patients with an 
intermediate or high ETLS score should preferably be 
treated with second generation TKIs

Treatment of advanced phases
Accelerated 
and blastic

Mutation analysis before starting therapy. FA: Patients 
who have not previously received imatinib, imatinib, 
600 mg/day PO, or second-generation TKI, dasatinib, 
140 mg, 1×/day PO or nilotinib, 400 mg, 2×/day PO or 
bosutinib, 500 mg, 1 ×/day VO. Ponatinib, 45 mg, 1×/day 
orally, in case of T315I mutation. Patients who progress 
to advanced stages during imatinib: Second- or third- 
generation TKI. Omacetaxin, 1.25 mg/m2 SC, 2×/day, 
from D1 to D14, every 28 days until hematological 
response or 6 cycles, followed by maintenance of 7 days 
of treatment at the same dose every 28 days can be 
considered in patients who progress to AF after treatment 
with TKI

Source: Castagnetti et al.[43]
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blood: they may spread to other locations. Lymphocytic leuke-
mias originate and occur mainly in the bone marrow and then pass 
into the blood. They can spread to the lymph nodes [23].

Non-Hodgkin lymphomas (NHL) account for about 2.5% of 
all malignant tumors diagnosed in Brazil, excluding non- 
melanotic skin cancer. The symptoms of general weakness with 
fever, weight loss, and pallor usually intensify with the evolution 
of the untreated disease. Bleeding is not a frequent symptom, but 
it can be present and very serious when the tumor infiltrates the 
bone marrow, progressing to the stage of blood dissemination 
(leukemized lymphoma or leukosarcoma) [22].

Hodgkin’s lymphoma is a lymphoproliferative neoplasm 
defined by the clonal multiplication of cells with a peculiar mor-
phological and immunophenotypic pattern, known as Reed- 
Sternberg cells, derived from the malignant transformation of B 
lymphocytes from the germinal center. Although lymphoma is 
usually disseminated at the time of diagnosis and indolent in its 
clinical course, it has been recognized that clinical aggressiveness 
and the risk of transformation to diffuse large B-cell lymphoma 
(LDGC-B) increase proportionally with the number of centro-
blasts (“large cells”) and the fraction of proliferating cells. Thus, 
lymphoma is classified, for purposes of therapeutic planning and 
prognosis, based on the number of centroblasts present in the 
pathological specimen: LF grade 1–2, up to 15 centroblasts per 
field of highest magnification; grade 3A, above 15 centroblasts, 
centrocytes present; and grade 3B, above 15 centroblasts, absence 
of centrocytes (11). Grade 3B LF has a genetic profile, immuno-
phenotypic and clinical behavior that can be considered as a fol-
licular variant of LDGC-B [23, 27].

Clinical staging is performed according to the Ann Arbor cri-
teria (adopted by the TNM/UICC Classification – International 
Union Against Cancer), modified at the Cotswolds conference, in 
Stage I: disease restricted to a single lymph node chain (I) or to a 
single organ or extralymphatic location (IE); » Stage II: disease 
affects two or more lymph node chains on the same side of the 
diaphragm (II) or involvement located in a single organ or extra-
lymphatic location and its regional lymph node(s), with or with-
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out involvement of other chains lymph nodes on the same side of 
the diaphragm (IIE); » Stage III: disease affects lymph node 
chains on both sides of the diaphragm (III), which may also be 
accompanied by localized involvement in an organ or related 
extralymphatic location (IIIE), or involvement of the spleen 
(IIIS), or both (IIIE+S); » Stage IV: disease affects one or multi-
ple extralymphatic sites, with or without associated lymph node 
involvement, or affects the extranodal area with non-regional 
lymph node involvement; » Descriptor X: presence of tumor 
mass greater than 10 centimeters; » Descriptor E: extranodal 
involvement by contiguity or single isolated site of extranodal 
disease; » Descriptor A or B: absence (A) or presence (B) of 
symptoms “B”  – unexplained weight loss greater than 10%, 
unexplained fever, and night sweats [24].

LF is radiosensitive and nodal irradiation is standard treatment 
in the early stages, i.e., I and II.  Symptomatic advanced stage 
(stage III or IV) LF patients are treated with the expectation that 
the disease will evolve in a relapsing and remitting form, which 
may require several lines of treatment during the course [25].

For many years, the standard of first line care was based on 
alkylating agents, often in combinations with vinca alkaloid and 
corticosteroid. Attempts to increase the intensity of chemotherapy 
by adding an anthracycline have failed to demonstrate a survival 
advantage. Any improvement in the response rate to anthracycline 
polychemotherapy must be weighed against the inevitable 
increase in toxicity and the exclusion of anthracycline as a thera-
peutic agent in the case of subsequent transformation to high- 
grade lymphoma [25].

Fludarabine is a drug with LF activity, whether used as a single 
agent or in combination. No studies have identified a survival 
advantage of fludarabine-based treatments compared to the use of 
alkylants. The comparison between fludarabine and the combina-
tion of cyclophosphamide, vincristine, and prednisolone (CVP) in 
381 patients with previously untreated LF showed higher response 
rates in the fludarabine group, without resulting in improvement 
in time to progression parameters. The use of fludarabine in first 
line therapy may, however, have a detrimental effect on the 
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mobilization of hematopoietic stem cells for autologous trans-
plantation, leads to an increased risk of opportunistic infections, 
and may be associated with an increased risk of secondary myelo-
dysplasia and leukemia [26].

5.2.3  Myeloma

Multiple myeloma (MM) is a malignant yet incurable neoplasm 
characterized by clonal proliferation of plasma cells in the bone 
marrow that secrete monoclonal protein in the blood and/or urine 
(97%) and may be associated with organ dysfunction. It repre-
sents 1% of malignant tumors and 10–15% of hematological neo-
plasms. It is preceded by at least 8–10  years by monoclonal 
gammopathy of undetermined significance (GMSI), which has a 
fixed risk of 1% per year of progression to MM/another related 
disorder. Every patient with active (symptomatic) MM should be 
treated. With the new treatments – immunomodulators (IMiDs) 
and proteasome inhibitors (PIs) – the relative 5-year survival has 
improved from 30% (1990) to 50% (2013) [29, 30].

The goals of initial therapy are rapid disease control and rever-
sal of complications, minimizing toxicity and early mortality, and 
allowing collection of hematopoietic stem cells (HCTH) in eligi-
ble patients. In these, melphalan-based induction therapy should 
be avoided, as it compromises the collection. However, many of 
the induction regimens that incorporate newer drugs do not sig-
nificantly affect collection, and in these cases, the need to classify 
patients based on TCTHA eligibility has diminished over time 
(Table  5.3). The main objective is to obtain complete response 
(CR) after induction followed by TCTHA, a strong predictor of 
long-term prognosis [29].

Treatment is based on a combination of immunomodulatory 
drugs (IMiDs) (thalidomide, lenalidomide, pomalidomide), pro-
teasome inhibitors (PIs) (bortezomib, carfilzomib, ixazomib), tra-
ditional chemotherapy (QT) (cyclophosphamide, doxorubicin, 
liposomal doxorubicin), and more recently antibodies monoclo-
nals (daratumumab and elotuzumab) [28].
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Table 5.3 Myeloma recommendations

Sequencing Recommendation

Induction (a) RVD (bortezomib, 1.3 mg/m2 SC, in D1, D4, D8, 
and D11; lenalidomide, 25 mg PO, from D1 to D14; 
dexamethasone, 20 mg PO, in D1, D2, D4, D5, D8, D9, 
D11, and D12) every 21 days for 4 cycles; or (b) VTD 
(bortezomib, 1.3 mg/m2 SC, in D1, D4, D8, and D11; 
dexamethasone, 40 mg VO, in D1, D2, D4, D5, D8, D9, 
D11, and D12; thalidomide, 200 mg PO, from D1 to 
D21) for 4 cycles of 21 days; or (c) dara-VTD 
(bortezomib, 1.3 mg/m2 SC, on D1, D4, D8, and D11, 
oral thalidomide, 100 mg per day in all cycles, and oral 
or IV dexamethasone, 40 mg on D1, D2, D8, D9, D15, 
D16, D22, and D23 of induction cycles 1 and 2 and in 
D1 and D2 of induction cycles 3 and 4, and 20 mg in 
D8, D9, D15, and D16 of induction cycles 3 and 4 and 
in D1, D2, D8, D9, D15, and D16 of the two 
consolidation cycles). Daratumumab was administered 
IV at a dose of 16 mg/kg body weight once weekly in 
induction cycles 1 and 2 and once every 2 weeks during 
induction cycles 3 and 4 and consolidation; (d) CyBorD 
(or VCD) – cyclophosphamide, 300 mg/m2 PO, 
bortezomib, 1.5 mg/m2 SC and dexamethasone, 40 mg 
PO, on D1, D8, D15, and D22, every 28 days for 
4 cycles. When a faster response is desired, 
cyclophosphamide, 300 mg/m2 VO, in D1, D8, D15, and 
D22 can be considered; bortezomib, 1.3 mg/m2 IV or 
SC, on D1, D4, D8, and D11; dexamethasone, 40 mg 
VO, from D1 to D4, from D9 to D12, and from D17 to 
D20, every 28 days, in cycles 1 and 2

Consolidation Autologous transplantation (melphalan, 200 mg/m 2)
Maintenance Lenalidomide, 10–15 mg orally continuously (or from 

D1 to D21 every 28 days in case of cytopenia). Addition 
of bortezomib, 1.3 mg/m2 SC every 2 weeks as part of 
maintenance, may also be considered in high-risk 
individuals. All patients should receive zoledronic acid, 
4 mg IV, in 15 min or denosumab, 120 mg SC, every 4 
or 12 weeks, for at least 2 years

Source: Ravi et al. [44]
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5.3  Pediatric Cancer

Tumors in juvenile patients can be subdivided into two large 
groups: hematological tumors such as leukemia and lymphoma 
and solid tumors such as those in the central nervous system/
brain, abdominal tumors (neuroblastomas, hepatoblastomas, 
nephroblastomas), bone tumors, and soft tissue tumors (rhabdo-
myosarcomas, synovial sarcomas, fibrosarcomas), among others. 
The prognosis of cancer in children and adolescents is positively 
influenced by early diagnosis strategies and continuity of care 
through appropriate treatment at the right time [32].

Pediatric cancer is not a preventable disease. Although several 
studies point to the existence of potential risk factors for the 
child’s intrauterine exposure, there is no scientific evidence that 
clearly shows the association between the disease and environ-
mental factors. Therefore, the prevention of childhood cancer is 
still a challenge for the future, and the current emphasis on the 
approach to this cancer must be given to early diagnosis and 
timely referral for timely and quality treatment, which enables 
higher cure rates [31].

Diagnosis of the disease, treatment, and implications have an 
important impact on children and family members. In Brazil, can-
cer accounted for eighth place among the causes of death among 
children aged zero to 4 years, but it is the leading cause of death 
in the age group from 5 to 19  years in 2014, according to the 
Mortality Information System (Table  5.4). While in adults, the 
main risk factors for cancer are environmental, related to expo-
sure to carcinogens, and inadequate lifestyle habits, in the first 
two decades of life, the development of cancer is strongly linked 
to inherited genetic factors or acquired mutations of the uncertain 
cause [33].

Cancer in children and adolescents has characteristics that 
make it different from cancer in adults. It predominantly origi-
nates from embryonic cells, has a short latency period and, in 
general, rapid growth, being very important to obtain better 
results, prompt diagnostic suspicion and prompt referral to start 
treatment [37].
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Table 5.4 Main childhood cancers

Type of cancer Main symptoms

Acute leukemias The clinical manifestations of acute leukemia are 
secondary to the excessive proliferation of 
immature (blastic) cells in the bone marrow, 
which infiltrate the body’s tissues, such as tonsils, 
lymph nodes (buttocks), skin, spleen, kidneys, 
central nervous system (CNS), and others

Tumors of the central 
nervous system

Signs and symptoms are multiple and 
progressive, such as vomiting and headache, 
mood change, behavior change, gait and 
coordination change, seizures, nonspecific signs 
and symptoms of intracranial hypertension 
(ICH), strabismus, macrocephaly, cranial nerve 
palsy, lethargy, abnormal eye movements 
(nystagmus), hemiplegia, weight loss, and focal 
motor deficit

Lymphomas Adenomegaly is considered suspicious when, 
after ruling out an infectious cause, it presents 
together with the following characteristics: fever 
without a determined cause, weight loss, and 
night sweats; alterations in two or more series of 
the blood count (anemia and/or leukopenia/
leukocytosis and/or thrombocytopenia); 
hepatosplenomegaly, negative serology 
(toxoplasmosis, rubella, HIV, cytomegalovirus, 
infectious mononucleosis, syphilis); persistence 
of lymph node infarction greater than 3 cm after 
6 weeks of evolution, even after appropriate 
specific treatment

Retinoblastoma Patients who have more common warning signs 
such as the “cat’s eye reflex” – a yellowish 
white reflex in the eye due to alteration of light 
refraction in the retina

Osteosarcomas Signs and symptoms suggestive of bone 
neoplasm permeate the request and evaluation 
of imaging tests, such as radiography, computed 
tomography, and magnetic resonance imaging of 
the affected region. Other changes that prompt 
referral: signs of rarefaction and bone lysis; 
osteolytic lesions; periosteal reaction – 
thickening or rupture of the periosteum line and 
Codman’s triangle

(continued)
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In pediatrics, there is an extended off-label use of chemother-
apy agents such as carboplatin, which is indicated for ovarian car-
cinoma, small cell lung carcinoma, head and neck squamous cell 
carcinomas, and uterine cervix carcinomas. Other uses, such as in 
the treatment of brain tumors, are off-label. Contraindications: 
hypersensitivity to the drug or other constituents of the formula or 
to cisplatin; severe renal failure, severe myelosuppression, and/or 
in the presence of massive bleeding [37].

Cisplatin is approved by the National Health Surveillance 
Agency (ANVISA) for adult and pediatric use, for metastatic tes-
ticular tumors, metastatic ovarian tumors, advanced bladder can-
cer, head and neck squamous cell carcinomas. Other uses, such as 
in the treatment of brain tumors, are off-label. Contraindications: 
hypersensitivity to the drug or formula components, myelosup-
pression, severe kidney failure, hearing disorders, generalized 
infections [38].

There is no standard treatment for children under 3 years of 
age with malignant brain tumors. Patients with incomplete resec-
tion have an unsatisfactory prognosis and reduced prolonged 
progression- free survival.

Table 5.4 (continued)

Type of cancer Main symptoms

Rhabdomyosarcoma The signs and symptoms of rhabdomyosarcoma 
depend mainly on the location of the tumor: 
tumor located in the trunk, limbs, or groin 
(including the testes). The first sign is usually a 
mass or swelling. Most of the time, it doesn’t 
cause any pain or other problems. Tumors 
around the eyes may cause swelling or the child 
may look cross-eyed. Tumors in the ear or 
sinuses can cause earache, headache, or nasal 
congestion

Source: Brasil [33]
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5.3.1  Wilms’ Tumor

Wilms’ tumor (or nephroblastoma) is the most common primary 
renal malignancy in childhood. It is an embryonic tumor that 
develops from immature renal remnants (nephrogenic remains or 
nephroblastomatosis). In most cases they are unicentric, but they 
can be multifocal in one or both kidneys. The occurrence of 
Wilms’ tumor is often associated with the development of various 
syndromes, such as sporadic aniridia syndrome, WAGR syndrome 
(Wilms, aniridia, genitourinary anomalies, and mental retarda-
tion), Denys-Drash syndrome (Wilms, intersex disorders, and 
nephropathy), and others [36].

Wilms’ tumor treatment is an example of success resulting 
from the association of the efforts of integrated multidisciplinary 
teams with cooperative groups in the United States and Europe. 
The National Wilms Tumor Study (NWTS) was founded in 1969 
and currently records more than 80% of estimated cases in the 
United States. Studies by the Société Internationaled’OncologieP
édiatrique or International Society of Pediatric Oncology (ISPO) 
began in 1971, with the collaboration of several European coun-
tries [35].

The ISPO-2001 protocol is based on international collabora-
tion with collection of relevant data that allow answering ques-
tions of clinical interest that are important to patients. Its main 
objectives are to maintain risk stratification according to preop-
erative response, minimize acute and late toxicity, and establish a 
tumor bank for research on molecular prognostic factors 
(Table 5.5) [36].

As with most solid tumors that appear in the pediatric age 
group, surgery is essential in the treatment of nephroblastoma. 
Nephrectomy should be performed on the affected side via the 
abdominal route. For bilateral tumors, conservative surgery with 
partial nephrectomies or even enucleations is indicated, in order 
to preserve renal function. Lung metastases that do not disappear 
completely after chemotherapy must be resected. Pulmonary 
radiotherapy is indicated to complete disease control [35].
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5.4  Solid Tumors: Breast Carcinoma

5.4.1  Classification

With two histopathological types (ductal infiltrating carcinoma 
(DIC) and lobular infiltrating carcinoma (LIC)), breast cancer will 
be staged by locoregional extension and distance, which will 
guide the treatment. The IUAC (International Union Against 
Cancer) Classification of Malignant Tumors is the most accepted 
staging system that uses the categories T (tumor), N (lymph node 
involvement), M (distant metastasis), and Tis (ICIS – introlobular 
carcinoma in situ) for this clinical process [2, 3].

Discussing the molecular classification, this may have the 
luminal A, luminal B, hybrid luminal, human epidermal growth 
factor receptor 2 (HER-2), and basal-like subtypes. In the case of 
immunohistochemistry (IHC), this will address the positivity of 
estrogen (ER) and progesterone (PR) receptors with percentage of 
involvement, and in clinical practice, for the treatment to be 
defined, the status of hormone receptors and the assessment of 

Table 5.5 Therapeutic recommendations of the ISPO-2001 protocol

Phase Low risk Intermediate risk High risk

I – Actinomycin
+
Vincristine

Actinomycin
+
Vincristine
+
Adriamycin

II Actinomycin
+
Vincristine

Actinomycin
+
Vincristine
+−
Adriamycin

5
Medicines
+
Radiotherapy

III Actinomycin
+
Vincristine

Actinomycin
+
Vincristine
+−
Adriamycin

5
Medicines
+
Radiotherapy

Source: Weirich et al. [34]
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HER-2 status play a crucial role, and therefore, the IHC will 
quantify the positivity of HER-2 receptors in 0/3 crosses, 1/3 
crosses, 2/3 crosses, or 3/3 crosses [2, 3, 16].

Regarding the classification T (tumor), it is important to note 
that in the case of Tis (Paget), the classification will occur accord-
ing to the size and characteristics of the parenchymal neoplasm, 
which can be classified as T1 (tumor with 2 cm or less in its larg-
est dimension) and T1mic (when there is microinvasion: there is a 
tumor measuring up to 0.1 cm in its largest dimension). Thus, the 
status of these receptors, the assessment of the status of HER-2 
together with the clinicopathological criteria, the TNM classifica-
tion and the breast cancer risk classification will guide the thera-
peutic decision [2, 3].

5.4.2  Chemotherapeutic Protocols

As mentioned, the therapeutic approach (surgery of the primary 
tumor, assessment of axillary involvement, radiotherapy, and sys-
temic drug treatment) will be defined by the criteria previously 
scored. With an emphasis on systemic drug therapy, it may have 
an adjuvant (prophylactic), prior (neoadjuvant/cytoreductive), 
and palliative character [1–3].

As one of the main therapeutic protocols, chemotherapy affects 
normal and neoplastic cells, and, in the case of adjuvant therapy, 
the analysis of the characteristics of the patient and the tumor is 
taken into account, in which patients with intermediate or high 
risk are elective for this type of therapy (Table 5.6). As for previ-
ous therapy, it is indicated when the patient presents an advanced 
stage of the pathology or through some other points to be ana-
lyzed; however, for these therapies, there is an assessment of the 
degree of risk and therapeutic regimens according to this degree 
[2, 3, 16].

With regard to palliative therapy, there is no consensus on the 
conduct to be adopted, as well as there are no guidelines that pro-
vide specific treatment and, thus, the selection of medications 
used occurs according to numerous factors related to the patient 
and the tumor. Currently, hormonal manipulations for advanced 
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breast cancer are widely used; among them are the drugs tamoxi-
fen, aromatase inhibitors (exemestane, anastrozole or letrozole), 
LHRH analogues, and fulvestrant [2, 3].

5.4.3  Main Effects Caused by Drugs Used 
in Breast Cancer Therapeutic Schemes

Kameo et al. [11] argue that, according to the amount of medica-
tion administered, there is an increase in the occurrence of adverse 
reactions arising from drug interactions. And, in this context, 
Amaral [1] emphasizes that the effectiveness of breast cancer 
therapy is related to the combination of two or more drugs and, in 
this combination, are the groups of anthracyclines (doxorubicin, 

Table 5.6 Suggested chemotherapy regimens of treatment according to risk

Risk/hormonal 
status Pre menopause Post menopause

Low risk Tamoxifen – if RH 
positive – for 5 years. 
Individual cases: AC for 
4 cycles, TC for 4 cycles, 
or CMF for 6 cycles

Tamoxifen or upfront 
aromatase inhibitor, or 
switch – if RH positive

Intermediate risk Tamoxifen if RH 
positive – for 5 years. AC 
or FAC or FEC or TC or 
AC for 4 cycles followed 
by 4 cycles of docetaxel 
100 mg/m2 every 21 days

Tamoxifen or upfront 
aromatase inhibitor or 
switch – if RH positive. AC 
or FAC or FEC or TC or 
AC for 4 cycles followed 
by 4 cycles of docetaxel 
100 mg/m2 every 21 days

High risk FAC or FEC for 6 cycles 
or AC for 4 cycles 
followed by 4 cycles of 
docetaxel 100 mg/m2 
every 21 days or 
paclitaxel 80 mg/m2 
weekly for 12 cycles

FAC or FEC for 6 cycles or 
AC for 4 cycles followed 
by 4 cycles of docetaxel 
100 mg/m2 every 21 days

Source: Brasil [3], [2]
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daunorubicin, epirubicin, mitoxantrone, and idarubicin) or tax-
anes (paclitaxel and docetaxel), in addition to fluorouracil, cyclo-
phosphamide, and carboplatin.

The group of anthracyclines are the most used chemotherapeu-
tics in the treatment of breast cancer, and, among the effects 
caused by these drugs, cardiotoxicity is cited. In addition, cardiac 
conduction disturbance, myocarditis, pericarditis, and arrhyth-
mias are present [1].

In the group of taxanes, the elimination of these drugs is com-
plex and, as side effects, cutaneous reactions stand out, and the 
patient may manifest erythema, phlebitis, desquamation, pain, 
and others. In addition to these, paclitaxel stands out, which, 
regardless of the dose administered, can lead to the onset of alo-
pecia, myelosuppression, and peripheral neuropathy. Fluorouracil 
may cause vomiting, pain, oral mucositis, taste changes, and nau-
sea. Cyclophosphamide can cause alopecia, cystitis, infection, 
and gastrointestinal problems. Carboplatin, on the other hand, is 
related to dry cough, muscle spasms, sweating, and tachycardia, 
among others [1, 18, 19].

By blocking the action of the aromatase enzyme, aromatase 
inhibitors (aminoglutethimide, fedrazole and formestane, anas-
trozole, letrozole, and exemestane) have more favorable side 
effects, with less frequency of cardiovascular, thromboembolic, 
and gynecological events (Table 5.7). However, there are side 
effects, with musculoskeletal effects being the most reported, in 
which exemestane has a higher incidence of diarrhea and arthral-
gia [12, 14].

In the case of the use of monoclonal antibodies, trastuzumab 
stands out, considered the standard treatment for patients  
with HER2+ breast cancer. In addition to this, pertuzumab, 
lapatinib, and neratinib also act on the HER2 protein. 
Pertuzumab can cause heart problems that can be aggravated by 
concomitant use of chemotherapy with doxorubicin or epirubi-
cin; on the other hand, trastuzumab is associated with the pos-
sibility of developing reversible heart failure (type II) by some 
patients [6, 16].

5 Protocols



198

5.5  Cancers of the Head and Neck

5.5.1  Nasopharynx Carcinoma

In nasopharyngeal tumors, unlike what occurs in other sites in the 
head and neck region, surgery as an initial treatment is not rou-

Table 5.7 Pharmacodynamic profile of AI (aromatase inhibitors)

Aromatase inhibitors Action mechanism Effects

Aminoglutetimide Inhibits aromatase, 
which is essential for 
the generation of 
estrogens from 
androstenedione and 
testosterone

Respiratory depression, 
hypoventilation, 
hypotension, hypovolemic 
shock due to dehydration, 
drowsiness, lethargy, coma, 
ataxia, dizziness, fatigue, 
nausea, and vomiting

Formstan Inhibits aromatase, 
which is essential for 
the generation of 
estrogens from 
androstenedione and 
testosterone

Itching, rash, lethargy, 
drowsiness, headache, leg 
swelling, vaginal or 
leakage bleeding

Anastrozole Inhibits aromatase; 
inhibits the conversion 
of androgens to 
estrogens

Hot flashes, asthenia, 
arthralgia, headache, 
nausea, and reddening skin 
lesions

Exemestane Inhibits aromatase; 
inhibits the conversion 
of androgens to 
estrogens

Convulsion

Letrozole Inhibits aromatase; 
inhibits the conversion 
of androgens to 
estrogens

Headache, nausea, 
bloating, tiredness, hot 
flashes, hair thinning, skin 
allergies, vomiting, 
indigestion, weight gain, 
muscle aches, increased or 
loss of appetite, vaginal 
bleeding, vaginal 
discharge, constipation, 
dizziness, and enlargement 
of sweating

Source: ESCÓRCIO et al. [48]
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tinely performed due to the difficulty of obtaining free surgical 
margins, in addition to the complexity of the access, aesthetic and 
functional morbidities, and high cure rates achieved with external 
RT. The key role of early stage RT was demonstrated in a retro-
spective analysis with 702 stage I patients treated with conven-
tional RT or IMRT and a median follow-up of 105 months, which 
demonstrated a 5-year overall survival (OS) rate of 99.3% [47].

Stages I and 
II

In stage I patients, we favor isolated radiotherapy (RT), 
preferably with modulated intensity (IMRT), at a dose of 
7000 cGy in daily fractions directed to the primary site. In 
stage II patients, we favor concomitant treatment of RT and 
chemotherapy (QT) with cisplatin, 30 mg/m2/week 
IV. Targeted doses and extension of the RT field to bilateral 
cervical regions vary according to the presence or absence 
of lymph node involvement, i.e., lymph node negative, 
5000 cGy in the upper cervical region (up to level III); 
positive lymph node, 6500–7000 cGy in total cervical 
region

Stages III to 
IVA

Induction systemic QT, followed by concomitant 
radiochemotherapy with cisplatin, 40 mg/m2 IV, in 2 h, 
weekly or, alternatively, cisplatin, 100 mg/m2 IV, in 2 h, in 
D1, D22, and D43, combined with IMRT in dose of 
7000 cGy in daily fractions from 180 to 200 cGy. Preferred 
induction systemic QT options include gemcitabine, 
1000 mg/m2 IV, on D1 and D8, and cisplatin, 80 mg/m2 IV, 
on D1, repeated every 3 weeks for 3 cycles; cisplatin, 
75 mg/m2 IV and docetaxel, 75 mg/m2 IV, both on D1 and 
repeated every 3 weeks for 3 cycles. Less favored systemic 
QT induction options include cisplatin, 60 mg/m2 IV, on D1, 
docetaxel, 60 mg/m2 IV, on D1 and 5-FU, 600 mg/m2/day 
IV in continuous infusion from D1 to D5, with G-CSF 
support, repeated every 21 days for 3 cycles; or cisplatin, 
80 mg/m2 IV, on D1 and 5-FU, 800 mg/m2/day IV in 
continuous infusion, from D1 to D5, repeated every 21 days 
for 2 cycles

Follow-up 
after initial 
treatment of 
stage I 
disease to 
IVA

Perform nasofibroscopy and imaging tests, preferably MRI 
of the face and neck. PET-CT can be considered 3 months 
after completion of RT. repeat nasofibroscopy periodically 
and check TSH to monitor thyroid function. After 2 years of 
follow-up, we favor semiannual follow-up until the fifth 
year and annually thereafter

Source: Sun et al. [46]
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5.5.2  Salivary Gland

The 10-year survival achieved with stage I and II surgery is 90% 
and 65%, respectively. Apparently, there is no difference accord-
ing to the place of origin of the primary tumor (parotid gland, 
submandibular gland, and minor salivary glands), and overall sur-
vival rates (OS) are correlated with tumor grade.

Staging Recommendations

Stages I and II Tumor resection with free margins and lymph node 
dissection in T2 tumors, with lymphovascular invasion, 
minor salivary glands, and high histological grade, and 
surgery should address chains I–III. Consider 
postoperative radiotherapy (RT) to the primary site in 
early high-risk tumors (intermediate or high grade, 
positive margins, perineural or intraneural invasion, 
lymphovascular invasion, and adenoid cystic carcinoma)

Stages III and 
IV (resectable)

Surgery considering primary tumor resection and 
prophylactic lymph node dissection for chains I–III, in 
case of clinically negative lymph nodes, and therapeutic 
lymph node dissection for chains I–V, in case of 
clinically positive lymph nodes, followed by 
postoperative RT. If available, consider using RT with 
the IMRT technique

Stage IVM0 
(unresectable)

RT in doses of 6000–6500 cGy, given in daily fractions 
over 6–7 weeks. In patients with good clinical condition 
and without comorbidities, we favor the concomitant use 
of QT containing platinum
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Staging Recommendations

Stage IVM1 There is no standard guideline regarding the most 
effective combination due to the lack of studies with a 
representative number of individuals. Systemic 
treatment must be defined considering the histological 
subtype. For patients with adenoid cystic carcinoma, we 
only recommend systemic treatment for symptomatic 
individuals or those with rapidly progressive disease, in 
which case we suggest lenvatinib, 24 mg VO, 1×/day 
(preferably) or axitinib, 5 mg VO, 2×/day. If not 
available, consider cisplatin, 80 mg/m2 IV, in 120 min, 
on D1 and vinorelbine, 25 mg/m2 IV, on D1 and D8, 
repeated every 3 weeks or CAP regimen 
(cyclophosphamide combination, 500 mg/m2 IV, 
doxorubicin, 50 mg/m2 IV and cisplatin, 50 mg/m2 IV, 
on D1), repeated every 3 weeks. For patients with 
HER-2 positive ductal carcinoma, we recommend 
preferably ado-trastuzumab emtansine, 3.6 mg/kg IV, 
every 3 weeks. If not available, we recommend a 
combination of carboplatin, AUC 6 IV, on D1, 
docetaxel, 75 mg/m2 IV, on D1 and trastuzumab, on D1 
(8 mg/kg IV as a loading dose followed by 6 mg/kg IV), 
every 3 weeks, followed, if response after 4–6 cycles, of 
maintenance with trastuzumab, 6 mg/kg IV, every 
3 weeks or the combination of docetaxel, 70 mg/m2, IV 
in D1 and trastuzumab in D1 (8 mg/kg IV as a loading 
dose followed by 6 mg/kg IV) every 3 weeks, for 
6 cycles, and then followed by trastuzumab, 6 mg/kg IV, 
every 3 weeks. For carriers of secretory carcinoma with 
TRK fusion, we recommend larotrectinib, 100 mg 
orally, 2×/day or entrectinib, 600 mg orally, 1×/day. For 
the other histological subtypes, we recommend cisplatin 
and vinorelbine, CAP or carboplatin, AUC 5 EV and 
paclitaxel, 175 mg/m2 EV, in 3 h, both on D1, every 
3 weeks

Source: Ning et al. [45]
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6.1  Occupational Exposure to Antineoplastic 
Drugs

Antineoplastic drugs present risks of occupational exposure to 
professionals responsible for handling them, as they have carcino-
genic, mutagenic, teratogenic, and/or genotoxic characteristics 
and can produce toxic effects at low doses when administered to 
humans or animals. Several international agencies, which develop 
guidelines for good practices and care in the handling and admin-
istration of these drugs, consider any agent that presents at least 
one of these effects as a dangerous substance [1–5].

The fact that they do not have a selective action on cancer cells 
and may also cause effects on healthy cells largely explains the 
risk to these professionals [3, 5, 6].

The risks to professionals responsible for handling cytotoxic 
drugs are the result of the combination of the characteristic of 
toxicity and the extent to which workers are exposed daily in the 
course of their work activities through inhalation, absorption, and 
ingestion of these agents. Thus, it is essential to describe work 
practice guidelines to limit exposure and what equipment is 
needed to carry out safe and appropriate practices [6].

In 2004, the National Institute for Occupational Safety and 
Health (NIOSH) published a warning on the prevention of occu-
pational exposure to antineoplastic drugs and other substances 
considered cytotoxic. In this publication and in subsequent 
updates, a list of substances that can cause harm to exposed pro-
fessionals was compiled [2].

Exposure to cytotoxic drugs can cause short- or long-term 
damage. Short-term damages are headache, dizziness, skin rash, 
vomiting; long-term damages are infertility, endocrine sequelae, 
early menopause, musculoskeletal disorders, immune dysfunc-
tions, fetal abnormalities, miscarriages, pregnancy abnormalities, 
DNA damage, increased micronucleus frequency, increased sister 
chromatid exchanges, and leukemia or others types of cancer [2, 
7, 8]. However, it is difficult to measure the risk, the long-term 
harm of these agents in the healthy individual, and the magnitude 
of safe exposure to these drugs [9, 10].

Groups involved in the handling of cytotoxic agents such as 
patients, pharmaceutical industry workers, pharmacists, nurses, 
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physicians, pharmacy and nursing assistants, cleaning and sanitiz-
ing personnel, researchers, family members, and caregivers are 
potentially exposed [2, 3, 11].

Exposure to contamination may occur at different times: 
removal of the solution from the vial, reconstitution of drugs, 
opening of ampoules, removal of air from the syringe containing 
the drug, adjustment of doses, connection of needles and removal 
of caps from the syringes, handling of oral antineoplastic drugs, 
administration to the patient, cleaning and sanitizing of handling 
and administration areas, and waste disposal [1, 6].

Several studies of environmental and personal contamination 
have been carried out using different methodologies and work-
places. Environmental contamination can be evidenced through the 
work surfaces where residues are found on the outside of the lami-
nar flow cabin, walls, floors, shelves, benches, equipment, packag-
ing and medicine bottles, syringes, elastomeric infusers, both in the 
areas of preparation in the pharmacy how much of the administra-
tion drugs in the infirmary. Contact with excreta and bodily fluids 
or clothing used on patients during the treatment period can also 
lead to contamination. Although not all samples have detectable 
drug levels, all studies have shown that surface contamination exists 
and is common in areas where cytotoxic drugs are stored, prepared, 
administered, or discarded [2, 3, 12–16].

In the case of antineoplastic drugs, there is no exposure limit 
allowed for each drug, requiring preventive measures. Thus, it char-
acterizes the importance of environmental monitoring and baseline 
levels in professionals who handle drugs. The major limitation of 
these measures is quantification: it is not possible to define the exact 
individual dose to which the worker was exposed [17]. Thus, it is 
important to know the amount of compounded drug and the mode 
of diffusion in the environment, characterize the area of greatest 
contamination, know the route of absorption of the antineoplastic in 
question and the proportion between cutaneous and respiratory 
dose, efficiency of collective and individual protection devices, and 
the eventual transfer of residual  microquantities present in the work 
environment to contiguous areas [18].

Different studies and methodologies for monitoring the occu-
pational exposure of workers involved in the handling and admin-
istration of antineoplastic drugs are being developed: comet 
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assays, micronucleus testing in peripheral blood lymphocytes and 
salivary fluid, cytogenetic methods of analysis of chromosomal 
aberrations and chromatid exchange sisters, methods of mutagens 
and thioesters in urine, and quantification of drugs and their 
metabolites through chromatography [15].

Ness et al. demonstrated an increase in oxidative stress param-
eters in pharmacists and nurses who handle and administer anti-
neoplastic drugs, respectively, even with the correct use of 
individual and collective protective equipment, and no damage to 
DNA was demonstrated through in comet assays and micronu-
cleus test when compared to a control group of professionals in a 
hospital in southern Brazil [19]. However, other studies have 
shown DNA damage through sister chromatid exchange, micro-
nucleus enlargement, and comet assay [20–22], and several review 
and meta- analysis studies analyze different studies and method-
ologies [23–27].

6.2  Individual and Collective Protection 
Equipment

Drugs considered cytotoxic and that present risks of contamina-
tion must be handled, taking into account strict safe handling 
techniques and use of individual (PPE) and collective (CPE) pro-
tection equipment, ensuring personal protection of the team and 
the environment [2, 3, 28].

6.3  Collective Protection Equipment (CPE)

6.3.1  Biological Safety Cabinet (BSC)

All handling must take place in a biological safety cabinet (BSC), 
class II, type B2, or class III, indicated for handling sterile and 
highly toxic products. It features a high-efficiency particulate air 
(HEPA) filter that removes particles and microorganisms from the 
air, producing sterile work areas. Class II B2 has 100% external 
exhaust, with the air passing through a HEPA filter, ensuring per-
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sonal and environmental protection (Fig.  6.1). This flow works 
under negative pressure, preventing the contaminated air inside 
from expanding outward, contaminating the handling room. In 
this way, its air movement technology protects the operator, the 
handled product, and the external environment.

As per the 2006 ASHP guidelines, professionals must under-
stand that BSC Class II does not prevent contamination inside the 
cabinet and that effectiveness in containing contamination by 
antineoplastic drugs depends on the use of proper techniques by 
the operators [29].

The BSC Class III (Fig. 6.2) is a fully enclosed vented, gas- 
tight enclosure. Operations are conducted using gloves that are 
attached and observed through a viewing window that does not 
open. This BSC is kept under negative pressure, and air is drawn 
into the cabinet through HEPA filters. The exhaust air is treated by 
double filtration of HEPA filters. The passage of material in and 
out of the cabin is usually accomplished through a double-door 
passage hatch.

The Class III of biological safety cabinets (BSCs) have the 
advantage that there is a physical barrier between the products and 
the handler [30].

Fig. 6.1 Biological safety cabinet (BSC), class II, type B2
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ASHP recommends that BSCs be certified by qualified techni-
cians every six months or whenever the cab is moved or needs 
repair [29]. Technicians who maintain these cabinets or change 
HEPA filters must be aware of the risks and must use the same PPE 
recommended for large spills. Any interruption in its operation 
implies the immediate stoppage of preparation activities [2, 6].

Fig. 6.2 Biological safety cabinet (BSC), class III
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Most biological safety cabinets have built-in ultraviolet (UV) 
light. Ultraviolet light is intended to destroy microorganisms in 
the air or on exposed surfaces when the BSC blower is turned off. 
When the cabinet runs continuously, this light is not needed.

Horizontal type cabinets should not be used for the preparation 
of cytotoxic drugs, as they represent a risk to the handler.

Table 6.1 refers to the types of biological safety cabinets

6.3.2  Biological Safety Cabinet Certification

All equipment and processes used in the preparation of parenteral 
cytotoxics that affect sterility or product attributes must be vali-
dated and/or certified.

The biological safety cabinet must be certified by a qualified 
person and must meet the requirements of biosafety standards 
such as design, construction, performance, and field certification. 
Documentation for this purpose must be approved, maintained, 
revised, and signed by a designated pharmacist, and the cabinet 
must be recertified every six months when the cabinet is changed 
or repaired or the HEPA filter is changed [31, 32].

Table 6.1 Types of biological safety cabinets

Class II

   Down air and HEPA filter
A – It recirculates 70% of the internal air and 30% discharged into the 
preparation area.
B – Extracted air is expelled to the outside.
   B1 – It recycles 30% and expels 70% of the air.
   B2 – It expels 100% of the air.
   B3 – It recycles 70% and expels 30% of the air.
Class III

   Closed cabinets, handling with rubber gloves attached. The pressure 
must be negative and does not require a clean area.
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Tests include the following:

• HEPA filter integrity test
• Airflow
• Particle count
• Pressure and sterilization
• Fume test

6.3.3  Shower and Eye-Wash

The shower and eye-wash are equipment used in places of storage 
or handling of chemically hazardous products to be used in case 
of accidents. Their function is to immediately clean the eyes, face, 
hands, and any other part of the body that has been contaminated. 
The equipment has a controlled water flow with low speed, allow-
ing for efficient decontamination (Fig. 6.3).

They must be in the room before the handling room and be 
checked weekly for functionality [32, 33].

6.3.3.1  Personal Protective Equipment (PPE)
Personal protective equipment is defined by OSHA as equipment 
used to minimize exposure to hazards that cause serious injury 

Fig. 6.3 Shower and eye-wash
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and illness in the workplace. They must be designed and built 
safely and must be kept clean and reliably [1].

The correct selection and use of PPE are essential both to guar-
antee the sterility of the final product and to protect the operator. 
PPE should be used to protect the professional during the recon-
stitution of cytotoxics and during all other activities in which they 
may come into contact with these medications.

Activities may include packaging opening, handling, transpor-
tation, administration, spill control, labeling, disposal of drug resi-
dues, and handling of patient excreta and bodily secretions [28].

Thus, personal protective equipment must be provided by the 
employer and used by all professionals involved in the handling 
of cytotoxic drugs, both in preparation and administration.

USP specifies that the composition garment (Fig. 6.4) for ster-
ile doses must include the following [34]:

• Powder-free sterile gloves
• Clothing closed at the back and neck, with sleeves that fit com-

fortably on the wrists
• N95/PFF2 respirator
• Protective goggles
• Exclusive shoes or shoe covers
• Caps/protectors for beard and hair

Waterproof Overalls or Apron
Appropriate clothing protects the handler from spills and splashes 
of waste materials, providing a physical barrier to particles gener-
ated during the handling process. Overalls and/or gowns must not 
have seams or zips that could allow the passage of medicines.

Even though there is no specific standard for clothing, dispos-
able gowns made of materials coated with polyethylene, polypro-
pylene, or other waterproof laminated materials offer protection 
for all activities that may result in direct exposure of the worker 
and should not be used in other areas to avoid spreading contami-
nation and exposing other health professionals [29, 34, 36].

The overalls or long aprons are for use restricted to the han-
dling area, with low release of particles, low permeability, and 
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closed front with long sleeves and a tight cuff. It must be used by 
all professionals directly involved in the handling of cytotoxic 
drugs, activities that present the possibility of splashes or spills. 
After use, it must be disposed of in toxic waste containers. Reuse 
increases the probability of exposure [3].

Fig. 6.4 Attire in the handling of antineoplastic drugs [35]
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Surgical Glove
Gloves are essential for handling cytotoxics and must be worn at 
all times, including receipt, storage, and in contact with cytotoxic 
drug packages, boxes, and vials.

NIOSH and ASHP recommend the use of two pairs of gloves 
when preparing, administering, and disposing of potentially haz-
ardous drugs, both to reduce penetration of antineoplastic agents 
and to improve work practices, because the use and removal of a 
single glove allows the skin to be exposed to a number of con-
taminated surfaces [29, 36].

Gloves must not contain dust, considering the possibility of 
causing contamination, absorption, and retention of antineoplas-
tics in the work area. Gloves must be changed regularly. 
Recommendations range from 30 to 60 minutes or whenever they 
are damaged or contaminated [34].

Respiratory Protection
Respiratory protection should always be used when there is expo-
sure to aerosols from cytotoxic drugs. In activities that require 
respiratory protection, the respirator type PFF2/N95 is sufficient 
and must be perfectly adjusted to the operator’s face, adequately 
covering the nose and mouth. The disposable or semifacial use 
model with a double filter periodically changed can be used.

The N95 disposable respirator is a type of particulate respirator 
that only protects against inhaling particulates  – not gases or 
vapors.

NIOSH-approved chemical cartridge respirators protect from 
airborne exposure to vapors or gases and are most suitable for 
preparation, cleaning of hazardous drug spills, decontamination, 
or cleaning of BSC with the viewing window raised [37, 38].

The use of a disposable respirator is also recommended when 
administering medication.

Surgical masks are not recommended as they do not offer ade-
quate protection because they do not have aerosol retention power 
[28, 39].
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Eye Protection
Eye protection is necessary in view of the possibility of splashing 
in the eyes from antineoplastic drugs, which, when absorbed, can 
be irritating to the eyes and mucous membranes. Thus, it is rec-
ommended in all activities that present a risk of splashing cyto-
toxic drugs, as well as having side barrier protection [28].

Beanie or Disposable Head Cover
Disposable head covers (and beard protectors, if necessary) are 
used to minimize the release of hair and skin particles into the 
clean area. Disposable head covers must completely cover the 
hair and ears and the beard protector (if necessary to cover the 
facials) must be placed on the dirty side of the demarcation line in 
the anteroom, and they are for single use and must not be kept for 
reuse [28].

Is There a Difference Between Shoe Covers and Protective 
Foot Covers?
Shoe covers and protective foot covers help minimize the spread 
of particle contamination from worn shoes in the clean area. A 
pair of shoe covers should be put on by all caregivers who pass 
from the dirty side of the demarcation line in the anteroom to the 
clean side. These shoe covers must be disposed of in hazardous 
waste containers and must not be kept for reuse. They must be 
worn over closed shoes or nonslip boots [28].

6.3.3.2  Closed-System Drug-Transfer Device (CSTD)
The use of closed-system transfer devices (CSTDs) (Fig. 6.5) in 
the handling and administration of cytotoxic drugs has increased 
considerably over the years. The system is intended to prevent the 
release of the drug into the environment through the formation of 
aerosols or spillage and the occurrence of a puncture accident dur-
ing the handling process. The devices are connected to syringes, 
vials, and sets (Luer-lock connection), eliminating the use of nee-
dles [40, 41].

NIOSH recommends its use and defines CSTD as “a drug 
transfer device that mechanically prohibits the transfer of envi-
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ronmental contaminants into the system and the escape of hazard-
ous drug or vapor concentrations out of the system” [2]. Several 
international societies and bodies recommend its use in the han-
dling and administration of dangerous drugs [1–3, 28, 42, 43].

However, it is not certain that all available CSTDs perform 
fully adequate and equally protective. To date, there is no stan-
dardized test protocol to assess the performance of available 
CSTDs. Therefore, they should be carefully evaluated, based on 
independent peer-reviewed studies, with demonstrated reduction 
in contamination [43]. NIOSH is developing an independent 
vapor containment performance protocol for CSTDs in healthcare 
environments [44].

CSTDs should not be used as a substitute for other protective 
equipment listed and are therefore not the only means of worker 
protection. They should be used as part of a hazardous drug safety 
program and used in conjunction with PPE, CPE, and engineering 
controls [2, 43]. They should also not be used with physically or 
chemically incompatible drugs.

Handling a used syringe and needle usually results in contami-
nation. Drops, leakage from the butyl rubber stopper after multi-
ple punctures, and aerosol generation resulting from increased 
pressure within drug vials have also been observed [28].

There is no short-term or long-term data to inform whether 
specific CSTDs impact health outcomes [44].

Studies have been carried out to demonstrate the impact and 
efficiency of these devices when compared to the use of needles to 

Fig. 6.5 Closed-system drug-transfer device (CSTD)
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dilute and reconstitute drugs. The results found, through different 
techniques used, have shown a reduction in surface contamination 
with a reduction in occupational exposure and environmental con-
tamination [13, 18, 24, 40, 45].

6.3.4  Medical Surveillance

Medical surveillance is a medical examination program that aims 
to detect and monitor potential health effects on workers exposed 
to hazardous chemical or physical substances in the workplace. 
Thus, the objective is to minimize and allow early treatment of 
adverse health effects for everyone involved in the handling of 
dangerous drugs that are at risk from daily exposure.

When a damage is identified, it can be corrected early, and the 
employer can limit worker exposure and prevent everyone’s 
health through protective actions on other workers. NIOSH rec-
ommends conducting medical surveillance but points out that it is 
a second line of defense, increasing the protection already pro-
vided by engineering, administrative, work practices, individual 
and collective protective equipment, and education and training 
on the risk of exposure to these agents [1, 2].

The following surveillance data must be performed pre- 
placement of the worker and repeated annually, according to med-
ical criteria and implemented surveillance program:

• Medical history including reproductive status, smoking, work 
history, and occupational exposure, through a questionnaire

• Complete physical examination including skin, mucous mem-
branes, and lymphatic system

• Laboratory tests such as full blood count with differential, 
reticulocytes, liver function tests, urea nitrogen, creatinine, and 
urine monitoring (damage to the bladder or dipstick for blood 
in urine)

• Biological monitoring, which does not become clear as there is 
no reliably published data of a standard or best practice. Not 
used as routine exams.
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The employer must provide a safe workplace, quality protec-
tive equipment and proper use training, and good safety prac-
tices [1].

• Identify risk situations and activities and exposed staff.
• Preserve and maintain each employee’s medical and exposure 

records.
• Make all records available to employees.
• Provide any and all informational material about.

Workers should be counseled and encouraged to report any 
occupational health problem to employee health services.

When handling cytotoxic drugs, the reproductive status of 
employees and the risk of toxicity in handling such drugs must be 
considered, diverting from this activity, professionals who want to 
become pregnant, pregnant and who are breastfeeding.

In the case of accidents and occupational exposure to antineo-
plastic drugs, the type and size of exposure should be evaluated: 
splashes, needle prick containing cytotoxic drugs, skin shedding 
(analysis of skin and mucous membranes), and inhalation of 
 aerosols (evaluation of the pulmonary system). In addition to the 
exams mentioned above, an accident notification report must be 
generated.

6.3.5  Physical Area

All projects in the physical area of health facilities must be pre-
pared in accordance with the provisions of regulatory standards 
(within their territory of operation) on the minimum requirements 
for infrastructure and quality of care provided to the health of the 
population.

Antineoplastic treatment includes preparation, administration, 
storage, transport, disposal, and management of health waste. 
Thus, antineoplastic and cytotoxic drugs must be handled under 
conditions that promote patient safety, worker safety, and environ-
mental protection.
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Several studies demonstrate that vials of antineoplastic drugs 
are contaminated upon receipt [13, 46]. Therefore, both pharma-
cists, pharmacy technicians, and other health professionals 
involved in the process of caring for cancer patients may be 
exposed when handling or touching contaminated surfaces.

International guidelines recommend that the preparation of 
antineoplastic drugs be carried out in a restricted area and prefer-
ably centralized [37, 47, 48]. Specific demarcations with signs 
through pictograms or texts should be evidenced before entering 
the production and storage areas of potentially dangerous drugs. 
Access to areas must be restricted to authorized personnel in order 
to protect individuals not directly involved in the manipulation 
process [30].

All handling of cytotoxic (hazardous) drugs must be carried 
out in a Class II Type B2 biological safety cabinet.

Bedrooms, rest areas, and circulation areas for employees, 
patients, visitors, and employees should be located away from 
areas of potential contamination in order to reduce unnecessary 
exposure to these agents. Chapter 800 USP determines that spe-
cific areas are designated for defined tasks, including receipt and 
storage of sterile and nonsterile drugs. The requirement that 
areas surrounding the handling area be under negative pressure 
to contain and minimize the risk of exposure is also evidenced 
[34, 47].

Antineoplastics and all cytotoxic and potentially dangerous 
drugs must be stored in a way to avoid spillage from falling and 
breaking vials. Sterile and nonsterile products can be stored 
simultaneously, but sterile handling must be carried out in a sepa-
rate place.

There must be a storage area for refrigerated antineoplastics 
with a dedicated refrigerator in a negative pressure area. Engineering 
controls are required to protect preparations from cross and micro-
biological contamination (if the preparation is sterile) during all 
phases of the handling process.

To avoid microbiological contamination and to ensure the 
comfort of professionals working in the area, the temperature of 
the preparation rooms must be controlled. The temperature in the 
range of 18–22 °C is acceptable. Humidity must be controlled to 
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prevent corrosion and condensation on work surfaces and also to 
provide operator comfort. The human comfort zone is generally in 
the range of 30–70% relative humidity [30].

The locker room of the chemotherapy dilution rooms must 
have an eyewash, in addition to the washbasin and the dressing 
area.

6.3.6  Area Classification

The International Standards Organization (ISO), in view of the 
need for classification and international standards for clean rooms, 
establishes a set of classification standards for particles in ambient 
air that are evaluated according to the number of particles per 
cubic meter in a size of specified particle (Table 6.2).

For sterile medications, room classification must take into 
account particulate and microbiological contamination. The room 
should be designed to facilitate asepsis in the handling and prepa-
ration of cytotoxic drugs and should also be designed to provide 
containment of cytotoxic drugs, particularly in the case of failure 
of the biosafety cabinet.

The preparation of sterile cytotoxic drugs can be defined as 
aseptic preparation and must therefore be carried out in a Grade A 
environment that corresponds approximately to ISO Class 5 [44].

Table 6.2 Classification of particulate matter in ambient air [34]

ISO classification of particulate matter in ambient air (limits are on 
particles 0.5 μm and larger per cubic meters [current ISO] and cubic feet 
[former Federal Standard No. 209E, FS 209E])

Class name Particle count

ISSO classification US FS 209E ISO, m3 FS 209E, ft3

3 Class 1 35.2 1
4 Class 10 352 10
5 Class 100 3520 100
6 Class 1000 35,200 1000
7 Class 10,000 352,000 10,000
8 Class 100,000 3520,000 100,000
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Positive and negative pressure differentials with the surround-
ing environment must be established for cytotoxic preparation 
rooms with the dual purpose of protecting operators and maintain-
ing the sterility of the parenteral finished products.

“Pass-through hatches” are essential to avoid direct access 
between the cytotoxic cleanroom and the external environment. 
There are two possibilities for locating such equipment: they can 
be between the clean room and the anteroom or between the clean 
room and the external environment. If the last option is selected, 
interlocking ports must be used, and the unit must be HEPA fil-
tered.

Hatch doors should preferably be equipped with an audible or 
visual alarm to prevent the doors from being opened simultaneously.

When the air pressure is positive in the handling room and 
the air pressure is negative in the anterooms and “through 
hatches,” the negative air pressure in the hatches and in the 
staging room, in this case, acts as a trap to isolate the poten-
tially contaminated air.

When the air pressure is negative in the handling room and the 
air pressure is positive in the “passage hatches” and in the ante-
rooms, the positive air pressure of the hatches, in this case, acts as 
a protective barrier.

6.3.7  Manipulation Area

It must consist of at least two separate controlled rooms, a clean 
room and an anteroom, closed off and physically separated by a 
wall. The anteroom can be subdivided into a dressing room and a 
storage room for medicines and finished products. The activities 
carried out in the manipulation area are directly related to the 
preparation of parenteral drugs.

The antineoplastic drug and cytotoxic drug preparation area is 
designed to minimize entry, generation, retention of particles, and 
microbial contamination. Preparation rooms must meet specific 
International Standards Organization (ISO) classification standards.

Access to the hazardous area must be limited to authorized and 
trained personnel. Each and every professional who accesses the 
classified area must follow proper hand hygiene and clothing pro-
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cedures as the first major step in preventing microbial contamina-
tion of sterile preparations.

The clean room containing the biological safety cabinet is used 
for the preparation of drugs considered potentially dangerous and 
must have at least 5 m2 per BSC. The cleanroom must maintain an 
ISO Class 7 environment and have negative pressure to the ante-
room with air filtered by HEPA (high-efficiency particulate arres-
tance) filters. A HEPA filter is a high-efficiency particulate air 
filter that retains approximately 99.9% of the 0.3-micron particu-
late material to provide ultra-clean air.

Anterooms help maintain the ISO rating and pressure differen-
tial in the cleanroom and can be used for the storage of supplies 
and medication as long as these activities do not interfere with 
maintaining the ISO rating. It must maintain an ISO Class 7 
 environment and be positive pressure for both the clean room and 
the rest of the pharmacy.

The anteroom should be divided into a “clean” side (closer to 
the clean room) and a “dirty” side (closer to the other areas), 
which can be demarcated with a visible line on the floor.

6.4  Technique of Handling Antineoplastic 
Drugs

6.4.1  Decontamination of the Biological Safety 
Cabinet

The decontamination of a biological safety cabinet must take 
place under the following conditions:

• After a manipulation has been completed and removed from 
the BSC

• Before pausing use for a long period of time
• When returning to use after a long period of time
• After a small spill involving the work surface

For the biological safety cabinet decontamination procedure, 
disinfectant solution, sterile water, wet wipes with 70% alcoholic 
solution, sterile gauze or clean, lint-free towels, and disposable or 
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reusable containers (for example, sterile stainless steel bowl) are 
required.

Before decontaminating the biological safety cabinet (BSC), it 
must be purged for at least five minutes after the last dangerous 
drug preparation (HD).

For this procedure, complete personal protective equipment 
(PPE) is required, including N95 respirator, overalls, and safety 
glasses. Ultraviolet light must be off, and cab must be in opera-
tional mode with indoor/outdoor fans on. Disinfectant solution, 
sterile water, wet wipes, 70% alcoholic solution, and sterile gauze 
or towels (enough to use at least one towel per surface) must be 
arranged on a cart next to the BSC.

The internal surfaces – roof grid, rear wall, fittings, sidewalls, 
and work surface – must be sanitized vertically from top to bot-
tom and horizontally from back to front (in the direction of air-
flow, from the cleanest area to the most contaminated area). To 
perform the same cleaning process on the bottom surface of the 
work tray, it is necessary to raise or support the tray to allow 
access below the work surface and perform decontamination of 
the top and bottom parts of the front entrance grill and shelves that 
hold the work tray.

After cleaning with disinfectant solution, rinse the site with 
sterile water to remove any residue of the cleaning agent. After 
cleaning, purge the BSC for at least 30 minutes before any aseptic 
procedure takes place inside the cab. Place all disposable PPE and 
contaminated waste into the proper chemical waste disposal after 
completion of the procedure [37].

6.5  Dressing Technique

Handling dangerous drugs requires attention and care to ensure 
that sterility is not compromised by the contamination of nonster-
ile substances and that no drug residues will contaminate the envi-
ronment and the handler.

Before performing the attire, all adornments, including brace-
lets, rings, and watches, must be removed in order to prevent con-
taminants from becoming attached to their surfaces [29].
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The step-by-step procedure for placing the PPEs includes the 
following:

• Access the anteroom on the dirty side of the demarcation line.
• Wearing disposable head cover or beanie (including beard 

cover, where applicable), making sure all hair and ears are cov-
ered by the head cover.

• Placing a shoe cover and stepping with that foot over the 
demarcation line to the clean side of the anteroom.

• Placement of the second shoe cover and enter to the clean side 
of the anteroom.

• Handwashing technique must precede the attire of personal 
protective equipment (PPE).

• Washing hands and wrists with soap and water for at least 
30 seconds.

• Hand hygiene must be performed by all professionals before 
entering the clean room to minimize microbiological contami-
nation of sterile products.

• Hand hygiene agents must be designed to remove visible dirt 
and dangerous drug contamination.

• The common soap has limited antimicrobial activity; there-
fore, soaps containing detergent and an antimicrobial agent 
(for example, chlorhexidine) are indicated for these cases, 
associated with alcohol-based hand products.

• Alcohol-based products used to disinfect hands prior to han-
dling antineoplastics must have a minimum alcohol concentra-
tion of 70% and be used in conjunction with regular soap or 
antimicrobial.

• Drying hands and wrists with paper towels (using the towel to 
close the faucets, if the faucet does not have foot pedal opera-
tion).

• Placement of the first pair of gloves examining integrity, holes, 
tears, or other defects.

• Placement of clothing consisting of a sterile apron or jumpsuit 
(in waterproof material, with long sleeves, adjustable elastic 
collar and cuffs, with low particle emission, without front 
opening), examining the integrity of the surface to ensure total 
closure of the PPI.
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• Placement of the jumpsuit cuffs over the cuffs of the first pair 
of gloves.

• Use an N95 or chemical cartridge-type respirator and safety 
glasses with side shields.

• To ensure that the respirator is placed correctly, perform a seal 
check of the respirator through the internal and external pres-
sure difference.

• DO NOT wear a surgical mask under a respirator.
• Wearing the second pair of sterile gloves, placed over the apron 

cuffs until the wrists are fully covered.

6.6  Biological Safety Cabinet Use

The manipulation must be carried out at least 15 centimeters from 
the front opening of the cabinet. Contaminated air must be expelled 
through the rear grill and not through the front opening [49].

It is important to avoid overloading the BSC and avoid filling 
the workspace completely in order that the airflow paths remain 
free, with no vial or materials imposing cab circulation. In addi-
tion, for operator protection, rapid movements in or near the front 
opening or insertion movements in and out of the front opening 
(activities that interrupt or block the airflow inside the BSC should 
be avoided).

Before starting the handling process, the medication vials must 
be disinfected and wrapped with pre-moistened gauze with 70% 
alcohol, placing them directly on the work surface of the BSC.

Sterile materials (syringes, covers, equipment, safety devices, 
etc.) must be placed directly on the work surface inside the BSC, 
avoiding placing them on the front grill. The outer packaging 
(protective wrap) of sterile supplies must be opened immediately 
prior to use.

Select syringes that will not have more than three-quarters 
capacity when containing the partial or full dose of the drug.

Select appropriate gauge and length needles for the vial and 
final container.

If the syringe is the final application device, select a locking 
cap for the syringe. If the dose is placed in another container, such 
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as an intravenous diluent bag or vial, select and prepare the con-
tainer for injection of the antineoplastic or cytotoxic drug, remov-
ing any external wrapping and equipping it with the appropriate 
device.

Wipe the sealing rubber of the vials with a gauze soaked in 
alcohol, and let it dry. The use of drug transfer devices by a closed 
system can prevent the dispersion of aerosols during handling.

Unperforated vials can have positive or negative pressure in 
relation to the work area. When making the first perforation, 
always anticipate the positive pressure to prevent leakage of the 
vial contents by droplets or aerosol.

6.6.1  Technique of Filling Secondary Equipment 
with Diluent

• Before adding dangerous drugs to the intravenous (IV) solu-
tion bag: make sure the correct solution/secondary administra-
tion set and the IV solution bag for the drug to be administered 
have been selected according to what has been validated in the 
medical prescription.

• Squeeze the diluent solution pouch to check for leaks. Close 
the secondary administration set roller clam.

• Remove the protective cap from the administration port of the 
diluent pouch and remove the protective cap from the spike in 
the solution and from the secondary administration set (equip-
ment).

• Place the secondary administration set inserter firmly into the 
administration port of the diluent pouch. Hold the solution 
pouch upright or lift the pouch using a hook to allow the 
 solution to flow freely from the pouch into the tube. Squeeze 
the secondary administration set drip chamber to fill the cham-
ber halfway with the diluent solution.

• Remove the protective cap from the distal end of the secondary 
administration set tube and keep it for later use, or dispose of it 
in waste inside the BSC if connecting a safety device to the 
distal end of the tube.
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• Slowly open the secondary administration set roller clamp to 
allow the solution to completely fill the tube and close the 
roller clamp when the solution reaches the distal end of the 
tube.

• Examine the tubing for air bubbles and remove when hitting 
the sides of the tubing, allowing them to move through the tub-
ing to either end.

• Place the diluent solution pouch on the work surface of the 
BSC.  Do not hang the diluent solution bag on the BSC bar 
while injecting the drug, as the solution may run through the 
needle out of the injection port, resulting in spillage.

6.6.2  Aseptic Technique for Handling Dangerous 
Drugs (Powder Reconstitution)

• Make sure the correct drug vial has been selected for prepara-
tion.

• To reconstitute powdered medicine in a vial, calculate the 
amount of diluent needed to reach the desired concentration.

• Remove the exact amount of diluent in a syringe in such a way 
that it is enough not to be more than three-quarters full when 
containing the entire dose, with the needle attached.

• With the vial on the work surface, position the syringe and 
needle so that the bevel of the needle is facing up away from 
the manipulator. Insert the needle at a 45-degree angle into the 
vial sealing rubber until the bezel is half covered. Make sure 
the needle is in the vial and that no part of this location was 
exposed during reconstitution.

• Pull the syringe plunger and draw air from the vial into the 
syringe, creating negative pressure in the vial. Allow the 
syringe’s diluent to enter the vial (to correct negative pressure) 
without pushing the plunger. If it is necessary to push the 
plunger, push it slowly and carefully, exchanging small amounts 
of liquid and air.

• Repeat these steps until all the diluent is in the vial and air is in 
the syringe. With the needle fully in the vial, hold the syringe 
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and vial firmly by rotating the medicine vial to ensure all the 
medicine powder is in the solution.

• Gently shake the vial (if appropriate or for medications that 
specifically do not blister) and inspect the solution for undis-
solved medication and particles.

• Thereafter, write reconstitution date and time, or date in use 
(stability) and time directly on the bottle, for future use.

• Move the needle to the top of the vial into the air space above 
the drug solution. Hold the syringe and plunger firmly in one 
hand and the medicine vial in the other and carefully separate 
the syringe and needle from the medicine vial.

• Once the correct dose is contained in the syringe, hold the 
syringe and plunger firmly and place the empty vial vertically 
on the work surface.

• Maintain traction on the plunger and rotate the syringe to bring 
all air bubbles to its surface.

• The syringe should not be more than three-quarters full with the 
desired contents of the vial, and no air bubbles should be in the 
solution. This will ensure greater precision in the syringe.

• Repeat this process, if necessary, to make sure all air bubbles 
are out of the syringe.

• Do not draw additional air into the drug solution as this will 
require removing the air bubble from the syringe.

• Check that the correct volume of medication for the dose is 
contained in the syringe. Hold the injection port perpendicular 
to the airflow so that the first air can flow, clearing the point 
where the needle will enter.

• To remove air from the syringe while the syringe is still filled 
with medicine, make sure the needle is capped.

• Hold the syringe in an upright position so that the tip of the 
covered syringe is pointing up and pull the syringe plunger 
down slightly at first to remove any solution from the needle or 
syringe tip.

• Tap the syringe barrel with fingers together or tweezers just 
below any air bubbles to bring them to the top of the syringe or 
tilt and rotate the syringe causing larger air bubbles to move 
through the solution, collecting smaller air bubbles at the top 
of the syringe.

6 Handling Chemotherapy



232

• Remove the needle cover by placing it beside the work surface. 
Clean the sealing rubber of the container with a 70% alcoholic 
solution.

• Place the needle tip in the center of the injection port by press-
ing the needle tip straight through the membrane into the pouch 
with the needle shaft parallel to the port walls.

• Inject the drug into the diluent container.
• Clean the needle by pulling air from the IV bag/vial into the 

syringe before removing the needle and syringe from the final 
container.

• Remove the injection port needle from the diluent solution and 
securely replace the needle cap.

• Discard needle in a sharps container.
• Clean the sealing rubber of the medicine bottle with gauze 

soaked in 70% alcohol to remove any chemotherapeutic resi-
due.

• Clean the outside of the container to remove any residue gener-
ated during handling that may have contaminated the container 
or gloves used during the process and before labeling the final 
container.

• To remove a dose of already reconstituted medicine from the 
vial, it is ideal to use a needle of a smaller gauge than the 
 original puncture, if possible, to avoid increasing the perfora-
tion of the vial and causing leakage.

• Draw a volume of air into the syringe a little less than the vol-
ume of solution you will draw.

• Examine the vial closure to identify the previous puncture. 
Make sure the closure has been sealed around the existing hole 
and repeat the previous steps to remove the drug.

• To recap the needle, place the cap on a flat surface such as a 
table or counter with something firm to “push” the cap against 
the needle.

• Hold the syringe in one hand and slide the needle into the cap 
without using the other hand.

• Push the capped needle against a firm object to “seat” the cap 
firmly on the needle.

• Immediately place a Luer lock or non-Luer lock (sliding) tip 
cap on the tip of the syringe.
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• Do not remove the needle and place the syringe with the 
syringe tip exposed on the work surface of the BSC if the 
syringe was used to withdraw dangerous drugs.

6.6.3  Aseptic Technique for Handling Dangerous 
Drugs (Ready-to-Use Liquid Medicines)

• To use a vial containing ready-to-use liquid medications, con-
sider that the unperforated vial may be at positive, negative, or 
neutral pressure in relation to the workplace.

• Given this uncertainty, it is prudent to draw a volume of air into 
the syringe that is slightly less than the volume of solution you 
will draw.

• Create and maintain negative pressure in the bottle as described 
above. Once you have mastered these manipulation techniques, 
any combination of them can be used to produce a partial dose 
from one vial, multiple doses from one vial, multiple doses 
from multiple vials, and so on.

• If it is necessary to use negative pressure, care must be taken. 
Accumulation of positive pressure within the vial will cause a 
splash of solution and spillage from the needle bevel when the 
needle is removed.

• The ampoules must be handled with care to avoid any form of 
contamination and to avoid cuts or scratches resulting from the 
sharp edges of the open ampoule.

• Make sure all liquid is removed from the neck of the ampoule. 
If not, gently tap the work surface to clean the neck.

• Position the ampoule away from open spaces or other profes-
sionals. Holding the ampoule at a small angle, grasp the top of 
the ampoule and break it with a quick snapping motion, pulling 
it up and away from the ampoule.

• A gauze must contain the top of the ampoule and any droplets 
that come off during opening.

• Contain and discard the top of the ampoule in an appropriate 
sharps waste container.
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6.6.4  Removal of the Finished Product 
From the Interior of the Biological Safety 
Cabinet (BSC)

• Before removing the final product from the interior of the BSC, 
gently invert the IV solution bag to check the final product for 
leaks and inspect the solution for the presence of suspended 
particles.

• Dispose of contaminated waste inside the BSC using gauze 
moistened with a 70% alcohol solution.

• Remove the final product from the interior of the BSC and 
place it on a clean or disposable surface and affix the patient’s 
specific label and all auxiliary labels to the final product.

• Once it has been removed from the interior of the BSC and 
labeled, place the final product in a bag and seal.

• Clean and disinfect the work surface using an aqueous antibac-
terial agent (e.g., chlorhexidine) followed by gauze moistened 
with 70% alcohol between each preparation.

6.6.5  Aseptic Technique for Handling Dangerous 
Drugs in Elastomeric Infusers

• Make sure the correct dangerous medicine bottle has been 
selected.

• Make sure the correct infuser model and size have been 
selected.

• Make sure the proper type and size have been selected.
• Select an appropriately sized syringe and withdraw the calcu-

lated total volume of diluent.
• Make sure that the elastomeric reservoir (balloon) is not 

twisted, preventing breakage during filling.
• Make sure the Luer cap is secured to the distal end of the 

infuser delivery tubing. Remove the fill compartment cover on 
top of the infuser.

• Attach a syringe filled with the appropriate diluent and volume 
for preparation to the filling compartment.
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• Inject the diluent into the infuser. Do not use a needle to inject 
the solution into the filling compartment as this may damage 
the infuser.

• In an upright position on the work surface of the BSC, remove 
the syringe from the infuser supply compartment before add-
ing any medication solution.

• Remove the Luer cap from the distal end of the infuser by rest-
ing it on alcohol-soaked gauze to visually confirm that the con-
tents of the infuser are flowing through the infuser line.

• Allow three drops of thinner to fall onto alcohol-soaked gauze.
• Replace the Luer cap on the distal end of the infuser delivery 

tubing and clamp the line.
• Add drug to the infuser through the filling port of the infuser. 

Once all diluent and drugs have been added to the infuser, 
replace the cap on the infuser supply compartment.

• Check the infuser for leaks and inspect the solution for the 
presence of particles.

• When adding the diluent or drug to the infuser, invert it with 
the syringe attached, placing it on a flat work surface.

• Hold the syringe barrel with one hand, and use slow, steady 
downward pressure to inflate the balloon while stabilizing the 
infuser with the other hand.

• Do not inject the solvent and drug with too much force creating 
turbulence in the solution as this can create too many bubbles 
in the elastomer.

• A small amount of bubbles is allowed as they will not cause 
problems as they will gradually dissipate as the air in the tube 
moves through the filter.

6.7  Spill of Dangerous Drugs

To minimize the exposure of staff and patients to dangerous drugs, 
spills must be properly managed in accordance with established 
institutional policies and procedures.

All employees working in areas where spills could potentially 
occur must participate in on-the-job training.
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Spill kits must be located in all areas where exposures may 
occur, including areas of preparation, distribution, storage, and 
receipt of hazardous drugs, and must be carefully reviewed to 
ensure that they contain all necessary supplies with adequate 
validity and integrity.

Kits must contain the following PPEs:

• Disposable and waterproof apron, with long sleeves, elastic 
cuffs, and back closure

• Two pairs of procedure gloves
• Disposable safety glasses or face shields
• Shoe cover and head cover
• N95/PFF2 respirator
• Sharps shovel and container
• Gauze pads or absorbent towels
• Two high-density garbage bags for chemical waste disposal
• Decontamination agent (detergent and water or equivalent 

solution)
• Chemical waste container
• Documents for recording the accident

6.7.1  Procedure in the Case of Spillage into 
the Environment

• Stop activities and assess the degree of spillage and personal 
contamination, if any.

• Open the spill kit.
• Put on respiratory protection first.
• Put on two pairs of procedure gloves, disposable apron, head 

cover, shoe covers, and glasses.
• Isolate and demarcate the area with paper towels.
• The affected region must be covered with compresses or absor-

bent paper and, at the limits of the leak, gauze to restrict the 
advance of the liquid.

• Open the first garbage bag.
• In the case of contamination with dust, use moistened com-

presses/paper towels.
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• In the case of contamination with liquids, use dry swabs/paper 
towels.

• Place liquid detergent in the affected area.
• If there are any glass fragments, collect them with a disposable 

shovel and discard them in the plastic garbage bag.
• Clean from the periphery to the center, that is, from the least 

contaminated area to the most contaminated area.
• Triple wash with detergent and plenty of water.
• Discard all contaminated material (swabs, gauze, absorbent 

paper, and bottles if present in the garbage bag, followed by the 
first pair of gloves used).

• Carefully close the plastic bag containing the waste so as not to 
cause a “sigh.”

• Place the bag with the waste inside another plastic garbage bag 
reserved for this purpose.

• Remove the PPE and discard in the external plastic bag.
• Dispose of in containers identified as toxic waste.
• Record by writing the size of the spill, drugs involved, and 

people exposed.
• Provide and replace a new spill kit.

6.8  Disposal of Hazardous Waste

Hazardous waste must be disposed of separately from general 
waste in capped chemical waste containers. Waste containers 
must be leak-proof, have a lid with a safety seal, and must be 
labeled with an appropriate warning label.

All sharps used for the preparation and administration of dan-
gerous drug mixtures must be placed in a sharps container.

Disposal for sharp piercing objects cannot contain more than 
three-quarters fill, and the contents must not be pushed down to 
create more space due to the risk of exposure.

Two pairs of chemotherapy gloves should be worn when han-
dling hazardous waste. Pending removal from the disposal con-
tainer, waste must be stored in a safe area in properly sealed and 
labeled containers [1, 9].
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6.9  Certifications and Quality Assurance

Whenever possible, all equipment and processes used for cyto-
toxic preparation that affect the sterility or attributes of the prod-
uct must be qualified or validated.

All certificates issued must be reviewed, approved, and signed 
by a designated pharmacist and archived for periods that may vary 
according to local practice and regulations.

Qualification is required for the room and equipment used. 
This includes the biological safety cabinet, among other equip-
ment.
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7.1  Introduction

It is undeniable that the immune system plays a crucial and deter-
mining role in the control and development of neoplastic diseases, 
acting at different stages of the immune window to ensure balance 
in the cellular functions of the human body.

Immunotherapy has its initial records from 3000 years ago, in 
ancient Egypt, until the beginning of the nineteenth century, with 
several reports of how tumors disappeared spontaneously or after 
an infection with a concomitant high fever. Thus, the following 
studies were performed [1, 2].

Before the immune system and its functionality were fully 
understood, the first sparks of inquiry were ignited near the end of 
the nineteenth century, when a young woman presented with a 
unique disease state in New York City. Bessie Dashiel’s story was 
featured in Stephen Hall’s text, “The Blood Conflict: Life, Death, 
and the Immune System,” published in 1997, chronicling the 
extraordinary events that precipitated the use of the immune sys-
tem to fight cancer [3].

In the summer of 1890, Dashiel developed severe pain in his 
right hand due to an injury sustained while traveling by train. Due 
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to the worsening of the infectious condition, she sought out Dr. 
William Coley, a young surgeon in New York. Coley confirmed 
the infectious condition and performed a local tissue biopsy, 
which confirmed round cell sarcoma. At the time, the best therapy 
available was amputation [2, 3].

On the first appearance, Coley observed that Dashiell’s right 
hand did not have the typical presentation of an infection. On 
closer examination, which included opening the wound, Coley 
found a small amount of pus and tissue that seemed “abnormally 
hard and more of a grayish color than normal.” As Dashiell’s pain 
and symptoms increased, Coley reopened the wound to find 
“grayish granulations” and a bone that appeared normal. It seemed 
to Coley that this was something other than an infection, and he 
became increasingly concerned that Dashiell had a sarcoma. In 
November 1890, two days after the biopsy results, Coley per-
formed an amputation of Dashiell’s right arm below the elbow. 
Following the amputation, however, Dashiell’s disease spread 
rapidly, and tumors appeared throughout her body. Her symptoms 
were managed with the best supportive care available at that time, 
but in January 1891, with Coley at her bedside, Dashiell died of 
her disease at the age of 18 [3].

After Dashiell’s death, Coley devoted himself to studies on the 
basic understanding of sarcoma treatments. He investigated medi-
cal records and medical literature accessible to him in the late 
nineteenth century, including works by his predecessors, uncover-
ing case reports of patients with potentially incurable cancers who 
underwent spontaneous remission after concomitant treatment 
with an acute bacterial infection [1].

His determination to prevent the same fate in others led Coley 
through a scientific journey that began with a retrospective chart 
review to gain a baseline understanding of sarcoma treatments 
and outcomes. Coley started a years-old project involving inject-
ing dead bacteria from inactivated heat, called Coley’s toxins, into 
patients with inoperable cancers. It achieved a significant number 
of regressions and cures in over 1000 patients, many or most with 
sarcomas, and the method began gaining widespread acceptance 
and notoriety. However, its toxins gradually disappeared from use 
because, in addition to not having much knowledge about the 
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immune system at the time, other researchers tried to use Coley’s 
toxins, but all attempts were unsuccessful [3, 4].

He identified and reviewed 90 cases of sarcoma over the pre-
vious 15 years. One particular case stood out that involved a man 
in his thirties with round cell sarcoma. The patient had four 
tumors on his neck and face and needed multiple surgeries, the 
last so extensive that it required skin grafts, which ultimately 
failed. Following his last operation, the patient developed erysip-
elas, a common infection at the time believed to be caused by 
Streptococcus pyogenes. The patient experienced two occur-
rences of this infection, but remarkably, his disease disappeared, 
and his large wound healed [3]. Surprisingly, he found one of 
these patients alive and well years after his cancer diagnosis. 
Coley concluded that if an accidental infection could lead to 
complete regression of this patient’s sarcoma, it seemed fair to 
assume that the same could occur when an infection was artifi-
cially produced [3].

Despite the development of radiation therapy and chemother-
apy as standard treatments for cancer, scientists remained 
intrigued by the underlying mechanisms of Coley toxins that led 
to responses in some patients. In the 1930s and 1940s, animal 
studies showed that bacteria caused tumor necrosis and that serum 
from endotoxin-treated tumors could be reintroduced to tumors. 
The serum caused the tumors to necrose, leading investigators to 
state that it contained a “tumor necrotizing factor” (TNF) [3].

The discovery of TNF and its relationship with necrosis in sar-
comas was associated with the phenomenon of tumor endothelial 
cell apoptosis, but therapies using TNF brought high systemic 
toxicity to their patients, with side effects such as fever, headache, 
hypotension, and edema pulmonary, which made its application 
for clinical treatments at that time difficult [3, 6].

But William Coley’s method increasingly spurred the advance 
of immunotherapy. In 1976, two Frenchmen, Léon Charles Albert 
Calmette and Jean-Marie Camille Guérin used the strategy of 
using bacteria to fight cancer. They applied the Bacillus Calmette- 
Guérin (BCG), which had been previously discovered, in 1929, 
by themselves, through the isolation and attenuation of the 
 attenuated strain of the tuberculosis bacillus Mycobacterium 
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bovis, found in oxen, bringing a revolution to the treatment of 
tuberculosis [1, 3].

By injecting a solution containing BCG into the bladder of 
some patients, an indirect increase in the expression of tumor anti-
gens can be noticed after the tumor cells engulf the bacteria. This 
promotes an intense, complex coordinated release of multiple 
cytokines, including those from helper T cells [3, 7].

In 1957, Thomas and Burnet presented the theory that lympho-
cytes could act as sentinels of the immune system, probably car-
rying out the identification and elimination of mutated cells, but 
they still had no knowledge about the specific mechanisms of 
action of tumor antigens, limiting advances in discoveries. But in 
1974, Stutman conducted an experiment showing that mice with 
immune deficiency developed neoplasms, as well as an increase 
in killer (NK) cells to support the immune system [1–3].

The innate immune system includes dendritic cells, natural 
killer (NK) cells, macrophages, neutrophils, eosinophils, baso-
phils, and mast cells. Innate immune cells do not require prior 
stimulation by antigens and act as a first line of defense against 
foreign antigens. The adaptive immune system includes B lym-
phocytes, CD4+ helper T lymphocytes, and CD8+ cytotoxic T 
lymphocytes (CTLs) and requires formal presentation by antigen- 
presenting cells (APCs) for its activation. The adaptive immune 
system generates antigen-specific T and B cell lymphocytes. The 
immune system is highly variable between individuals but rela-
tively stable over time in a given person [2, 4].

In 1980, new studies brought the identification of antigens 
linked to melanoma cells, enabling the insertion of targeted 
immunological therapies, where T cells could be used to attack 
the tumor, thus identifying the cytotoxic T antigen – lymphocyte 
4, which would become the basis for the development of check-
point inhibitors in the future [3].

Immunotherapies include immunostimulating cytokines, 
which are small proteins naturally produced and secreted by vari-
ous cells of the immune system. They are crucial in signaling 
between immune cells as well as between immune cells and vari-
ous other types of cells in the body. The first cytokine to be 
 discovered was interferon alpha, also known as type I, described 
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in 1957 by Isaacs and Lindenmann, IL-2, the T-cell growth factor 
Interleukin 2, was identified in 1976, and this allowed researchers 
to grow T lymphocytes in vitro for the first time. IL-2 was cloned 
in 1983 and was immediately used in clinical trials that led to 
promising results, acting as a synthetic analog of a bacterial cell 
wall that is capable of activating monocytes and macrophages, 
including tumor reduction [1, 2, 4].

Gradually, knowledge about the immune system, its actions of 
immunological surveillance, and protection of the organism 
enabled decisive advances for improvements in cancer treatments 
and better quality of survival for cancer patients. Monoclonal 
antibodies appeared at the beginning of the twentieth century, and 
they come from B lymphocytes and bind to a specific antigen that 
will mediate the cytotoxicity reaction induced by this antigen–
antibody complex. Paul Ehrlich presented a model for binding a 
drug to a specific transporter in order to exert its action at the tar-
get site, based on the principle of specificity that occurs in the 
antibody–antigen binding. This model allowed to reduce the 
unwanted action of the drug in other tissues, as well as to decrease 
the administered dose, due to the increase in efficacy [2, 3, 5].

The small proteins have since become well established, treat-
ing a wide spectrum of diseases, including cancers, acting in vari-
ous ways, for example, by preventing an antigen from binding to 
its receptor on the cell surface or by marking an antigen to be 
antibodies. Monoclonals are generally used, with “mono” infer-
ring that they are a single type of an antibody, targeting a specific 
antigen, and “clonal” meaning that they are multiplied thousands 
of times in order to obtain a clinically effective therapeutic dose. 
The main action of the antibody is to bind to the cell’s antigens 
and mark the cancer cell to be destroyed by specialized immune 
system cells. Some antibodies act by signaling the immune sys-
tem and triggering it to continue the attack, while other antibodies 
can interrupt the signaling that tells cancer cells to grow, divide, 
and spread [1, 2].

Research into antibody-based therapies flourished over the fol-
lowing decades and eventually led to the development of ritux-
imab, a monoclonal antibody that binds to the CD20 protein 
present on the surface of immature B cells. In 1997, rituximab 
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became the first approved monoclonal antibody by the FDA for 
the treatment of cancer, not Hodgkin’s lymphoma. The drug tar-
gets immature B cells for elimination by NK cells [1, 3, 5].

In order to ensure that an inflammatory immune system 
response is not constantly activated once a foreign tumor or anti-
gen has stimulated a response, multiple controls or “checkpoints” 
are in effect or activated. These checkpoints are primarily repre-
sented by T cell receptor binding to ligands on cells in the sur-
rounding microenvironment, forming immunological synapses 
that then regulate T cell functions, which become specialized, or 
“polarized,” to carry out different activities. In order to ensure that 
an inflammatory immune system response is not constantly acti-
vated once a foreign tumor or antigen has stimulated a response, 
multiple controls or “checkpoints” are in effect or activated. These 
checkpoints are primarily represented by T cell receptor binding 
to ligands on cells in the surrounding microenvironment, forming 
immunological synapses that then regulate T cell functions, which 
become specialized, or “polarized,” to carry out different activi-
ties [3–5].

Adoptive cell therapy (ACT) is another type of immunother-
apy that primarily involves isolation and in  vitro expansion of 
tumor-specific T cells, followed by infusion back into the cancer 
patient. These efforts have also extended to the use of natural 
killer cells, as they exhibit rapid and potent immunity to solid 
tumor metastases and hematologic cancers. In the early 2000s, 
genetically modified lymphocytes were introduced. To increase 
their specificity, T lymphocytes with chimeric antigen receptors 
(CAR T cells) were developed, which recognize tumor antigens 
without the need for presentation by APCs. After initial success, 
chimeric antigen receptors (second generation) were developed, 
in which costimulatory molecules such as CD28, 4-1BB, or OX40 
(molecules of the tumor necrosis factor receptor family) and 
ICOS (inducible T cell costimulator) were incorporated. Third- 
generation chimeric antigen receptors incorporate two costimula-
tory factors. And more recently, shielded chimeric antigen 
receptors have emerged, where in addition to two co-stimulatory 
molecules, transgenes for cytokines (IL-2) or ligands are associ-
ated (CD40L or 4-1BBL) [2, 3, 5].
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Research has shown that lymphocytes present in transplant-
able tumors are capable of recognizing tumor cells in  vitro, 
where they are clonally expanded and reinfused for treatment, 
but the technique of clonally isolating and expanding these 
lymphocytes is very expensive and laborious, which limits their 
use [4, 5].

Some lead to tumor-associated antigens expressed on the cell 
surface and therefore become a potential target for new antibody- 
based therapies. On the other hand, some tumors are known to 
lose their MHC class I expression, remaining a major challenge 
for immunotherapy. Furthermore, the entire tumor microenviron-
ment is known to impact cancer growth and development and 
mediate potential treatment, including the microbiome. Several 
preliminary trials of fecal microbiota transplants (FMT) have 
already been conducted with promising results. Identifying rele-
vant biomarkers is a key part of the process [3, 5].

In the early 2000s, genetically modified lymphocytes were 
introduced. To increase their specificity, T lymphocytes with chi-
meric antigen receptors (CAR T cells) were developed, which 
recognize tumor antigens without the need for presentation by 
adoptive cell therapy. After initial success, chimeric antigen 
receptors (second generation) were developed, in which costimu-
latory molecules such as CD28, 4-1BB, or OX40 (molecules of 
the tumor necrosis factor receptor family) and ICOS (inducible T 
cell costimulator) were incorporated. Thirdgeneration chimeric 
antigen receptors incorporate two costimulatory factors. In addi-
tion to its high complexity and cost, this treatment modality 
requires immunosuppression by the patient before its application 
in order to improve its effectiveness. An alternative source of lym-
phocytes is peripheral blood; strategies to isolate and expand 
these rare specific T cells are being developed.

Identifying relevant biomarkers is a key part of the process. 
For immunological checkpoint inhibitors, the level of expression 
of CTLA-4, PD-1, or PD-L1 genes is measured before drug 
administration, although good results are reported with low 
expression level. It is also well established that tumors with 
higher overall mutational burden are more responsive to check-
point inhibitor therapy. In addition, cancers with microsatellite 
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instability as a result of incompatibility repair deficiency are 
known to exhibit a particularly strong response to PD-1 block-
ade, regardless of the type of cancer. One of the most important 
challenges in science is figuring out why some patients respond 
to immunotherapy so perfectly, while others are not sensitive to 
this form of treatment. Furthermore, some are believed that 
patients develop cancer [3–5].

7.2  Immune Checkpoint Inhibitors  
(ICIs)

Immune checkpoint inhibitors are promising immunotherapies 
with demonstrated sustained antitumor responses in several 
tumors. Tumor cells exploit multiple complex mechanisms to 
escape recognition and destruction by the immune system. The 
ability to induce immune responses against cancer by abrogat-
ing an immune-system checkpoint that limits the antitumor 
activity of preexisting tumor-specific cytotoxic T cells shows the 
importance of focusing on immune regulatory events for cancer 
therapy [2, 8].

It was based on immunocytokines such as interleukin-2 and 
alpha-interferon that were poorly effective and highly toxic. 
Clinical research trials had tested diverse forms of cancer vac-
cines that were mostly ineffective, but (Rosenberg) after the first 
success of ICI and until today, immunotherapy leads the field and 
immunologists have regained a major influence in cancer research 
as illustrated by the attribution of the 2018 Nobel Prize in 
Medicine to the two immunologists who were at the origin of the 
concept of ICI-based immunotherapy, James Allison and Tasuku 
Honjo (Ledford).

Immune checkpoints refer to the set of inhibitory pathways 
that immune cells possess in order to regulate and control the 
durability of the immune response while maintaining self- 
tolerance [9]. Among the different immune checkpoint receptors, 
antibodies blocking two of them can be cited as the first approv-
als: CTLA-4 (lymphocyte-associated antigen 4) and PD-1 (pro-
grammed cell death 1) or its ligand PD-L1.
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7.2.1  CTLA-4

The CTLA-4 immune checkpoint receptor was first characterized 
by Brunet et al. [10] in the 1980s. It is expressed by T cells and 
controls T cell activation during early stages in the lymph nodes. 
CTLA-4 competes with the co-stimulatory receptor CD28 for the 
binding to ligands CD80 (B7.1) and CD86 (B7.2), interfering 
with CD28 interactions, thus preventing costimulation and the 
priming phase of T-cell activation as demonstrated. By doing so, 
it prevents and controls further proliferation of the initial T cell 
response.

7.2.2  PD-1

PD-1 was cloned in 1992 [10] with a subsequent characterization 
of its ligand, PD-L1. It is expressed on activated T cells, B lym-
phocytes, and natural killer cells and constitutes a main mecha-
nism of tumor immune resistance in peripheral tissues [9].

Interaction of PD-1 with its ligands, PD-L1 and PD-L2, inhib-
its the effector phase of T-cell activation, thus dampening the 
immune response [11]. The blockade of PD-1 receptor or its 
ligand PD-L1 with antibodies enhances preexistent antitumor 
immune activity, providing patients with major and durable 
immune responses against the tumor.

For example, we have the following immune checkpoint inhib-
itors in use nowadays: CTLA-4 inhibitors  – ipilimumab; PD-1 
inhibitors  – nivolumab, pembrolizumab, and cemiplimab; and 
PD-L1 inhibitors  – atezolizumab, durvalumab, and avelumab. 
The indications are diverse as you can see in Table 7.1:

Although the list of clinical indications is expansive, the clini-
cal response to immune checkpoint inhibitors is variable and dif-
ferences in clinical response limit their broad applicability. 
Several factors predict long-term clinical benefit including gene 
overexpression and the presence of mutations in tumor cells [12]. 
Often, these novel therapies are not potent enough to be used 
alone but can potentiate the effects of existing therapy. This syn-
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ergism may result in an increased incidence and severity of 
immune-related AEs. New toxicities including “on-target off- 
tumor” effects have been described, and the effects of these thera-

Table 7.1 Indication of use of immune checkpoint inhibitors

Class Drug Indication

Anti-CTLA-4 
monoclonal antibody 
(mAb)

Ipilimumab (Yervoy®) Unresectable or 
metastatic melanoma

Tremelimumab No clinical indication
Anti-PD-1 
monoclonal antibody 
(mAb)

Pembrolizumab 
(Keytruda®)

Hodgkin’s lymphoma
Metastatic 
nonsquamous NSCLC
Locally advanced or 
metastatic urothelial 
carcinoma

Nivolumab (Opdivo®) Unresectable or 
metastatic melanoma
Nonsquamous and 
metastatic squamous 
NSCLC
Advanced RCC
Hodgkin’s lymphoma
Locally advanced or 
metastatic urothelial 
carcinoma
Metastatic colorectal 
cancer
HCC
Squamous cell cancer 
of head and neck

Anti-PD-L1 mAb Atezolizumab 
(Tecentriq®)

Locally advanced or 
metastatic urothelial 
carcinoma, metastatic 
NSCLC

Avelumab (Bevancio®) Metastatic Merkel cell 
carcinoma, locally 
advanced or metastatic 
urothelial carcinoma

Durvalumab (Imfinzi®) Unresectable stage III 
NSCLC, locally 
advanced or metastatic 
urothelial carcinoma
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pies on healthy tissue remains a concern. Despite these challenges, 
immune checkpoint inhibitors remain a vital and promising tool 
in the fight against cancer.

7.3  Immunotherapy

7.3.1  Atezolizumab

7.3.1.1  Indications
It is indicated for the treatment of urothelial carcinoma, which is 
locally advanced or metastatic, in adult patients who have under-
gone previous chemotherapy with platinum or who are not eligi-
ble for cisplatin-containing chemotherapy, and whose tumors 
express PD-L1 ≥ 5%. It is also indicated for non-small cell lung 
cancer (NSCLC) in adults, locally advanced or metastatic after 
previous chemotherapy. As monotherapy, it is indicated for first- 
line treatment in adult patients diagnosed with squamous and non-
squamous metastatic non-small cell lung cancer, with PD-L1 
expression ≥50% of tumor cells (TC) or ≥10% of tumor- 
infiltrating (CI) immune cells that do not have mutated EGFR or 
ALK-positive NSCLC, in addition to locally advanced unresect-
able or metastatic triple-negative breast cancer with PD-L1 
expression ≥1% in combination with nab-paclitaxel in adult 
patients [13, 16].

Table 7.1 (continued)

Class Drug Indication

Anti-CTLA-4 
mAb + Anti-PD-1 
mAb

Ipilimumab + Nivolumab 
(Yervoy® + Opdivo®)

Unresectable or 
metastatic melanoma
RCC
Metastatic squamous 
cell carcinoma of the 
head and neck
Metastatic NSCLC

Lewis et al. [45]
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7.3.1.2  Pharmacokinetics
It is administered by an intravenous infusion (IV) because there 
are no studies on another form of administration. A population 
pharmacokinetic analysis performed indicates that the volume of 
distribution in the central compartment (V1) is 3.28 L and the vol-
ume at the state of equilibrium is 6.91 L. There are no direct stud-
ies on the metabolism of this drug and its elimination of antibodies 
mainly by catabolism [14]. The clearance (clearance) of atezoli-
zumab is 0.200  L/day and the half-life of the terminal typical 
elimination (t1/2) is 27 days [15].

7.3.1.3  Dosage
The recommended dose for first-line diagnosis of metastatic 
triple- negative breast cancer is 840 mg intravenously followed by 
100  mg/m2 of nab-paclitaxel every 28  days, with atezolizumab 
administered on D1 and D15 and nab-paclitaxel on D1, D8, and 
D15 [13].

The recommended monotherapy dose for hepatocellular carci-
noma is 1200  mg, intravenously every 21  days in combination 
with bevacizumab, until the disease progression or an unaccept-
able toxicity. For unresectable or metastatic melanoma, a dose of 
840  mg once every 2  weeks (combined with cobimetinib and 
vemurafenib) is indicated until the disease progression or an 
unacceptable toxicity. When indicated for small cell lung cancer 
(extensive stage), as a first-line treatment, a dose of 1200  mg 
every 3 weeks is recommended [15].

7.3.1.4  Maximum Adult Dose
The maximum dose is 1200 mg IV every three weeks [16].

7.3.1.5  Pediatric Dose
There are no data available on the safety and efficacy of the use 
of atezolizumab in children and adolescents below 18  years 
old [14].

7.3.1.6  Maximum Dose in Geriatric Population
It is not necessary for any dose adjustment of atezolizumab in 
patients ≥65 years old [13].
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7.3.1.7  Dose Adjustment
No dose adjustment is necessary in patients with renal insuffi-
ciency, as well as in patients with hepatic insufficiency [13, 16].

7.3.1.8  Drug Interactions
Pharmacokinetic drug interaction studies have not been performed 
with atezolizumab. Existing data shows that atezolizumab is 
cleared from the circulation via catabolism, which demonstrates 
that no metabolic drug interactions are expected. However, the 
use of systemic corticosteroids or immunosuppressants before 
starting atezolizumab should be avoided due to their potential to 
interfere with its pharmacodynamic activity and efficacy. 
However, if necessary, systemic corticosteroids or some immuno-
suppressants can be used to treat adverse reactions [13, 16].

7.3.1.9  Dilution, Infusion Time, and Stability
Atezolizumab should be diluted in 0.9% SF 250  ml, and it is 
important to wash the infusion lines and equipment before and 
after the drug infusion. It must be infused in a time of 30–60 min 
[13]. It has stability after dilution in a PVC infusion bag for 
8 hours at room temperature or 24 hours under refrigeration [16].

7.3.1.10  Main Adverse Reactions
The most common adverse reactions found were fatigue, 
decreased appetite, nausea, cough, dyspnea, pyrexia, diarrhea, 
skin rashes, back pain, peripheral edema, vomiting, hypoalbumi-
nia, hypomagnesemia, asthenia, arthralgia, musculoskeletal pain, 
pruritus, and infection of the urinary tract. It is noteworthy that 
discontinuation of therapy should only occur for severe reactions 
(Grade 3) and permanent discontinuation for life-threatening 
reactions (Grade 4) or recurrent severe reactions [13, 15].

7.3.2  Bevacizumab

7.3.2.1  Indications
Bevacizumab is a recombinant monoclonal antibody used in com-
bination with chemotherapeutics for the treatment of metastatic 
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carcinoma of the colon or rectum; metastatic or locally recurrent 
breast cancer; locally advanced, metastatic, or recurrent non- 
small cell lung breast cancer; nonsquamous, unresectable, locally 
advanced, metastatic, or recurrent non-small cell lung cancer; 
metastatic and/or advanced renal cell cancer [19].

7.3.2.2  Pharmacokinetics
The volume of distribution is 46 mL/kg and has an elimination 
half-life of 20  days (mean 11–50  days). In addition, it has an 
excretion rate of 2.75–5 mL/kg/day [16, 17].

7.3.2.3  Dosage
In adult patients, for metastatic colorectal cancer, the recommended 
dose is 5 mg/kg in the first-line therapy, administered intravenously 
once every 14 days, or 7.5 mg/kg given once every 21 days per 
intravenously. For second-line therapy, the recommended dose is 
10 mg/kg given once every 14 days or 15 mg/kg given every 21 days 
intravenously. For metastatic breast cancer, the recommended dose 
is 10 mg/kg every 14 days or 15 mg/kg given every 21 days intrave-
nously. For advanced, metastatic, or recurrent non-small cell lung 
cancer, bevacizumab is given in combination with intravenous plat-
inum-based chemotherapy for up to 6 treatment cycles, followed by 
monotherapy bevacizumab until disease progression is achieved. 
The recommended dose when combined with carboplatin is 15 mg/
kg every 21  days intravenously. For metastatic and/or advanced 
renal cell cancer, the recommended dose is 10 mg/kg given intrave-
nously every 14 days [19].

7.3.2.4  Pediatric Dose
For refractory solid tumors, the recommended dose is 5–15 mg/
kg/dose every 14  days intravenously in a 28-day  cycle, or 
5–10 mg/kg every 14–21 days. For gliomas and medulloblastoma, 
the recommended dose is 10 mg/kg/dose every 14 days in combi-
nation with irinotecan or 15 mg/kg/dose every 21 days [18].

7.3.2.5  Maximum Adult Dose
The maximum dose an adult can take is 15 mg/kg every 21 days 
intravenously or 10 mg/kg every 14 days intravenously [16].
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7.3.2.6  Maximum Dose in Geriatric Population
There are no special dose recommendations for seniors over the 
age of 65 years [18, 19].

7.3.2.7  Dose Adjustment
In patients with kidney and liver failure, there are no studies of 
efficacy and safety [18, 19]. Adjustments are necessary in the 
presence of reactions. For clinically insignificant mild ones, only 
decrease the infusion rate, and for those clinically significant 
reactions, stop the infusion and return to a reduced infusion rate 
after resolution of symptoms and discontinue the use in the case 
of severe infusion reactions [17].

7.3.2.8  Drug Interactions
Studies carried out evaluating the drug interaction between bev-
acizumab and other drugs that make up the therapeutic protocols 
showed that there were no clinically relevant or statistically sig-
nificant differences in the clearance of bevacizumab in combina-
tion with interferon alfa 2a, erlotinib, or chemotherapeutics, 
such as irinotecan, leucovorim and fluorouracil, carboplatin, 
paclitaxel, capecitabine, doxorubicin, or cisplatin, when com-
pared to patients who received monotherapy with bevacizumab. 
In other words, it does not change the pharmacokinetics of these 
drugs [16, 19].

7.3.2.9  Dilution, Infusion Time,  
and Stability

Bevacizumab should be diluted in sodium chloride solution 0.9% 
in 100 ml; no in-line filter is required in this process. The first 
infusion must be performed within 90 minutes; if there is no infu-
sion reaction, the second infusion can be performed within 
60  minutes. In the absence of infusion reactions, subsequent 
infusions can be performed within 30 minutes. After dilution of 
the drug in a pouch, its stability is 48 hours at room temperature 
[20]. The final concentration must be kept between 1.4 and 
16.5 mg/mL [16].
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7.3.2.10  Main Adverse Reactions
The most common adverse reactions are febrile neutropenia, leu-
kopenia, thrombocytopenia, anemia, dehydration, hyponatremia, 
dysgeusia, headache, dysarthria, hypertension, diarrhea, nausea, 
vomiting, abdominal pain, teeth problems, and others [19].

7.3.3  Cetuximab

7.3.3.1  Indication
It is indicated for the treatment of locally advanced head and neck 
cancer and nonmutated KRAS metastatic colorectal cancer with 
epidermal growth factor receptor expression associated with iri-
notecan or FOLFOX4. As monotherapy, it is indicated for patients 
who have not responded to treatments with irinotecan and/or 
oxaliplatin [23].

7.3.3.2  Pharmacokinetics
It has an half-life elimination of 112 hours (range 63–230 hours). 
The volume of distribution ranged from 45 to 62  mL/kg, and 
plasma concentrations reached stable levels after 21  days of 
monotherapy. The elimination processes observed in patients with 
doses equal to or greater than 400  mg/m2 followed zero-order 
kinetics up to 96 hours after the end of the infusion, with an elim-
ination of 0.4 mL/h/kg [16].

7.3.3.3  Dosage
The recommended initial dose is 400 mg/m2, followed by 250 mg/
m2 in subsequent administrations, which should be administered 
weekly [23].

7.3.3.4  Maximum Adult Dose
The maximum recommended dose is 400 mg/m2 [16].

7.3.3.5  Pediatric Dose
The safety and efficacy of using cetuximab in pediatric patients 
have not been established [21].
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7.3.3.6  Maximum Dose in Geriatric Population
No dose adjustment is necessary in the geriatric population [22].

7.3.3.7  Dose Adjustment
Dose adjustment is not necessary in patients with renal and 
hepatic impairment, nor is it necessary to add supplemental doses 
in patients undergoing hemodialysis. For grade 1 or 2 reactions 
after infusion, the infusion rate should be adjusted by 50%; for 
reactions of 3 and 4, it is recommended to discontinue therapy 
immediately and permanently [21].

7.3.3.8  Drug Interactions
Cetuximab in combination with platinum-based chemotherapy 
can lead to an increase in the frequency of severe leukopenia or 
neutropenia, which can lead to an increased rate of infectious 
complications, such as febrile neutropenia, pneumonia, and even 
sepsis, when compared to platinum-based chemotherapy alone. 
The association of cetuximab with fluoropyrimidines demon-
strated that the frequency of cardiac ischemia and the frequency 
of hand-foot syndrome (palmar–plantar erythrodysesthesia) can 
be high when compared to the use of fluoropyrimidines alone. 
Cetuximab associated with capecitabine and oxaliplatin can lead 
to an increased frequency of severe diarrhea [16, 23].

7.3.3.9  Dilution, Infusion Time, and Stability
Cetuximab must be diluted in a 0.9% sodium chloride solu-
tion; it is necessary to use a 0.22-micron in-line filter. The 
infusion time for the initial dose is 120 minutes, followed by 
60 minutes for subsequent doses on a weekly basis. After dilu-
tion in sodium chloride solution, bag stability is 8  hours at 
room temperature [16].

7.3.3.10  Main Adverse Reactions
The main adverse reactions are skin reactions, hypomagnesemia, 
severe skin rash, decreased heart rate, nausea, fever, chills, body 
aches, flu symptoms, bleeding, dizziness, dry mouth, diarrhea, 
headache, vomiting, pain stomach, loss of appetite, constipation, 
weight loss, and weakness, among others [22].
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7.3.4  Durvalumab

7.3.4.1  Indication
It is indicated for the treatment of patients with locally advanced 
or metastatic urothelial carcinoma who had disease progression 
during or after the use of platinum-based chemotherapy and for 
those who had disease progression within 12 months with neoad-
juvant or adjuvant treatment with chemotherapy of a platinum 
base. It is also indicated for the treatment of unresectable stage 
III non-small cell lung cancer, in addition to being indicated as 
the first line for the treatment of extensive stage small cell lung 
cancer [16, 24].

7.3.4.2  Pharmacokinetics
Steady state of durvalumab was reached in approximately 
16 weeks. In addition, the geometric mean (% coefficient of vari-
ation [CV%]) of the stationary volume of distribution was 
5.6 L. The main elimination pathways for durvalumab are protein 
catabolism through the reticuloendothelial system or therapeutic 
target-mediated arrangement [16]. The half-life elimination is 
about 18 days [26].

7.3.4.3  Dosage
The dosage of durvalumab is 10  mg/kg every 2  weeks applied 
intravenously, or 1500 mg every 4 weeks, until disease progres-
sion or in the maximum of 12 months [26].

7.3.4.4  Maximum Adult Dose
The maximum dose of durvalumab is 10 mg/kg every 2 weeks [16].

7.3.4.5  Pediatric Dose
In children and adolescents under the age of 18 years, safety and 
efficacy have not been established [26].

7.3.4.6  Maximum Dose in Geriatric Population
No dose adjustment is necessary for patients above the age of 
65 years old [16, 24].
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7.3.4.7  Dose Adjustment
No dose adjustment is necessary in patients with renal and hepatic 
impairment. Therapy should be withheld for severe reactions 
(Grade 3) and permanently discontinued for life-threatening reac-
tions (Grade 4) [26].

7.3.4.8  Drug Interactions
Due to the potential of interaction with the pharmacodynamic 
activity and efficacy of durvalumab with systemic corticosteroids 
or immunosuppressants, their use is not indicated before starting 
durvalumab, except for physiological doses of systemic corticoste-
roids (≤10 mg/day). However, these medications can be used after 
starting durvalumab in order to treat adverse reactions [16, 24].

7.3.4.9  Dilution, Infusion Time, and Stability
Durvalumab can be diluted in 0.9% sodium chloride solution or 
5% glucose solution; it is necessary to use a 0.22-micron in-line 
filter. The infusion must be carried out within 60 minutes. The 
final concentration must be kept between 1 mg/ml and 15 mg/ml. 
The stability of durvalumab after dilution is 24 hours under refrig-
eration or 4 hours at room temperature [16].

7.3.4.10  Main Adverse Reactions
The main adverse reactions are oral candidiasis, flu, cough, hypo-
thyroidism, pneumonia, diarrhea, abdominal pain, pruritus, fever, 
dermatitis, skin rash, myalgia, myositis, nephritis, dysuria, periph-
eral edema, hyperglycemia, hyperkalemia, and fatigue, among 
others [25].

7.3.5  Panitumumab

7.3.5.1  Indication
It is indicated for the first-line treatment of wild-type RAS 
metastatic colorectal cancer in adult patients, associated with 
oxaliplatin or irinotecan with 5-fluorouracil and leucovorin, 
and at the second-line, associated with irinotecan, 5-fluoroura-
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cil, and leucovorin in patients who had previously used first-
line treatment excluding irinotecan. As monotherapy, it is 
indicated after failure with chemotherapy regimens that have 
fluoropyrimidine, oxaliplatin, and irinotecan in their treatment 
regimen [29].

7.3.5.2  Pharmacokinetics
Regarding the pharmacokinetic properties of panitumumab, it is 
known that, when administered as a single agent or in combina-
tion with chemotherapy, it has nonlinear pharmacokinetics [29]. 
It has a half-life elimination of about 7.5  days (range 3.6–
10.9 days) [27].

7.3.5.3  Dosage
The recommended dose is 6 mg/kg intravenously over 1 hour 
on the first application (within 30 minutes in subsequent infu-
sions if the first infusion is well tolerated) [27] given every 
14 days [16].

7.3.5.4  Maximum Adult Dose
The maximum dose is 6 mg/kg every 14 days [16].

7.3.5.5  Pediatric Dose
Safety and efficacy for use in pediatric patients are not estab-
lished [27].

7.3.5.6  Maximum Dose in Geriatric Population
No dose adjustment is necessary in geriatric patients [16].

7.3.5.7  Dose Adjustment
There are no reports of the need for dose adjustment in patients 
with renal and liver failure. However, for patients who have 
experienced a grade 1 or 2 infusion reaction without symptoms 
of anaphylaxis, the drug should be temporarily discontinued 
until the problems are resolved. If you experience a grade 3 or 
4 reaction, panitumumab should be permanently discontinued 
[27, 28].
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7.3.5.8  Drug Interactions
Panitumumab has a drug interaction with aminolevulinic acid; 
this is because photosensitizing agents can potentiate the photo-
sensitizing effects of aminolevulinic acid. Thus, it is necessary to 
avoid the combination. The same can happen when associated 
with methoxsalen and porfimer; the therapy must be monitored in 
this case [28].

7.3.5.9  Dilution, Infusion Time, and Stability
It must be diluted in a 0.9% sodium chloride solution, not exceed-
ing the maximum final concentration of 10  mg/mL.  An in-line 
filter of 0.2 or 0.22 micrometers must be used. The recommended 
infusion time is 60 minutes for the first infusion; if well-tolerated, 
subsequent infusions can take 30–60 minutes. However, for doses 
above 1000 mg, it is recommended to infuse within 90 minutes 
[29]. Stability after dilution in 10 mg/mL concentration is 6 hours 
at room temperature or 24 hours refrigerated. If diluted at a con-
centration of 2.5 mg/mL, the stability is 14 days refrigerated [16].

7.3.5.10  Main Adverse Reactions
The main adverse reactions are fatigue, skin toxicity, acneiform 
erythema, paronychia, rash, skin fissure, hypomagnesemia, nausea, 
diarrhea, vomiting, dyspnea, cough, and fever, among others [28].

7.3.6  Pertuzumab

7.3.6.1  Indication
It is indicated for the treatment of HER2-positive, metastatic, or 
locally resectable breast cancer, in combination with trastuzumab 
and docetaxel, in patients who have previously received chemo-
therapy with anti-HER2 or also indicated for early breast cancer 
associated with trastuzumab [32].

7.3.6.2  Pharmacokinetics
It is administered intravenously, and studies with other ways of 
administration have not been performed. The metabolism of per-
tuzumab has not been directly studied [32]. Pertuzumab has a 
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total body clearance of 0.24 L/day, in addition to a half-life elimi-
nation of approximately 18 days [30, 31].

7.3.6.3  Dosage
The initial dose of pertuzumab is 840 mg given over 60 minutes, 
followed by a maintenance dose of 420  mg, given over 
30–60 minutes every 21 days until disease progression or accept-
able toxicity [31].

7.3.6.4  Maximum Adult Dose
The maximum dose of pertuzumab is 840 mg [16].

7.3.6.5  Pediatric Dose
There are no studies that guarantee safety and efficacy in the use 
of pertuzumab in pediatric patients [30].

7.3.6.6  Maximum Dose in Geriatric Population
No dose adjustment is necessary for elderly patients at the age of 
65 years or older [31].

7.3.6.7  Dose Adjustment
No dose adjustment is necessary for renal and hepatic impair-
ment; no information was found from studies on the need for dose 
reduction [16, 31].

7.3.6.8  Drug Interactions
Studies performed showed that there is no evidence of drug 
interactions between pertuzumab and trastruzumab or docetaxel. 
In addition, other studies were performed evaluating the effects 
of pertuzumab on the pharmacokinetics of some cytotoxic 
agents, such as paclitaxel, gemcitabine, erlotinib, capecitabine, 
and carboplatin, showing no interaction with these medications 
[32].

7.3.6.9  Dilution, Infusion Time, and Stability
Pertuzumab should be diluted in 250 mL of 0.9% sodium chloride 
solution; it is not necessary to use a 0.2- or 0.22-micrometer in- 
line filter. The infusion time is 60 minutes for the initial dose, fol-
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lowed by 30 to 60 minutes for subsequent doses every 21 days 
[16]. After dilution in sodium chloride, it is stable for 24 hours at 
room temperature [33].

7.3.6.10  Main Adverse Reactions
The most common adverse reactions are diarrhea, alopecia, neu-
tropenia, nausea, fatigue, rash, and peripheral neuropathy [32]. In 
addition to laboratory changes, fever, shortness of breath, flu-like 
symptoms, and feeling of weakness, other reactions have also 
been reported [16].

7.3.7  Panitumumab

7.3.7.1  Indications
Pembrolizumab is indicated as monotherapy for the treatment of 
advanced, metastatic, or unresectable melanoma. It is also indi-
cated for adjuvant treatment in adults with melanoma with lymph 
node involvement, who have undergone surgical resection. It 
may also be indicated for non-small cell lung cancer in combina-
tion with platinum-based chemotherapy and pemetrexed and 
indicated for the treatment of locally advanced or metastatic uro-
thelial carcinoma that has had disease progression during or after 
platinum- containing chemotherapy, as well as for a high-risk 
non-muscle-invasive bladder cancer [16].

In addition, it is indicated for recurrent, locally advanced, or 
metastatic gastric or gastroesophageal junction cancer, classic 
refractory or relapsed Hodgkin’s lymphoma, renal cell carci-
noma (in combination with axitinib), and unresectable or recur-
rent metastatic squamous cell head and neck cancer (as 
monotherapy). It is also indicated for local advanced cancer and 
recurrent or metastatic esophageal cancer, and finally, for meta-
static colorectal cancer with high microsatellite instability or 
repair enzyme deficiency [34].

7.3.7.2  Pharmacokinetics
It has complete and immediate absorption by the intravenous 
route and has a distribution volume of 6 L, with a half-life elimi-
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nation of 22 days [35, 36]. As it is a monoclonal antibody, pem-
brolizumab does not bind to plasma proteins [16].

7.3.7.3  Dosage
The recommended dose of pembrolizumab is 200  mg every 
3 weeks or 400 mg every 6 weeks, until a disease progression or 
an acceptable toxicity [34, 36]. For non-small cell lung carcinoma 
previously treated with chemotherapy or for melanoma, it is indi-
cated a dose of 2 mg/kg [16].

7.3.7.4  Maximum Adult Dose
The maximum dose in adult patients is 200  mg intravenously 
every 3 weeks, or 400 mg every 6 weeks [16].

7.3.7.5  Dose in Pediatrics
The recommended dose for the pediatric population, in children 
≥2  years and adolescents, is 2  mg/kg/dose (maximum dose: 
200  mg/dose) once every 3  weeks, until a disease progression, 
unacceptable toxicity, or for up to 24 months [35].

7.3.7.6  Maximum Dose in Geriatric Population
No dose adjustment is required, and no overall differences in 
safety and efficacy have been reported between elderly and young 
patients [34, 35].

7.3.7.7  Dose Adjustment
No dose adjustment is necessary in patients with renal and hepatic 
impairment [34]. However, for renal toxicity during treatment 
such as immune-mediated nephritis, it should be evaluated 
whether discontinuation of treatment or interruption is necessary. 
Therefore, it is recommended to administer systemic corticoste-
roids. In cases of grade 2 or 3 serum creatinine elevation, pembro-
lizumab should be discontinued and only resumed after complete 
or partial resolution within 12 weeks of starting corticosteroids. 
Grade 4 increase in serum creatinine implies permanent discon-
tinuation of pembrolizumab [35].
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7.3.7.8  Drug Interactions
Axitinib: the use of axitinib can lead to potentiation of the hepa-
totoxic effect of pembrolizumab. The therapy must be monitored. 
Thalidomide analogs: pembrolizumab can lead to an increase in 
the toxic effect of thalidomide analogs. Mortality may increase 
when this combination is used for the treatment of refractory mul-
tiple myeloma. The combination must be avoided [35].

The use of systemic corticosteroids or immunosuppressants 
before starting treatment with pembrolizumab should be avoided 
as they have potential interferences with the pharmacodynamic 
activity and efficacy of pembrolizumab. However, they can be 
used after starting treatment with pembrolizumab to treat immune- 
mediated adverse reactions [34].

7.3.7.9  Dilution, Infusion Time, and Stability
Pembrolizumab can be diluted in 0.9% sodium chloride solution 
or 5% glucose solution. The use of a 0.2- or 0.22-micrometer in- 
line filter is required. Administration should be carried out intra-
venously over 30  minutes. Once diluted, stability is 6  hours at 
room temperature or 24 hours under refrigeration [16].

7.3.7.10  Main Adverse Reactions
The most common adverse reactions are hypertension, alopecia, 
pruritus, rash, hypercholesterolemia, hyperglycemia, hypertri-
glyceridemia, hyponatremia, constipation, decreased appetite, 
diarrhea, nausea, high alkaline phosphatase, musculoskeletal 
pain, neuropathy, cough, dyspnea, and fatigue [34, 36].

7.3.8  Ramucirumab

7.3.8.1  Indications
It is indicated for gastric or gastroesophageal junction cancer in 
combination with paclitaxel, with advanced classification, or with 
disease progression after chemotherapy with platinum or fluoro-
pyrimidine. For metastatic or locally advanced non-small cell 
lung cancer, it is used in combination with docetaxel for patients 
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who have experienced disease progression or failure with prior 
platinum-based chemotherapy. It is also indicated for metastatic 
colorectal cancer in patients who have had disease progression 
after prior chemotherapy with chemotherapy, as well as for hepa-
tocellular carcinoma as an isolated agent after previous chemo-
therapy with sorafenib [37].

7.3.8.2  Pharmacokinetics
Ramucirumab is administered only intravenously and has a vol-
ume of distribution of 5.4 L. Elimination: the mean clearance of 
ramucirumab is 0.015  L/hour, and it has a mean half-life of 
14 days [37–39].

7.3.8.3  Dosage
Metastatic colorectal cancer: 8 mg/kg every 2 weeks in combina-
tion with irinotecan, leucovorin, and fluorouracil until a disease 
progression or an unacceptable toxicity. Gastric cancer, advanced 
or metastatic: 8 mg/kg every 2 weeks as a single agent or in com-
bination with weekly paclitaxel until disease progression or an 
unacceptable toxicity. Hepatocellular carcinoma, advanced, 
relapsed, or refractory: 8 mg/kg every 2 weeks until a disease pro-
gression or an unacceptable toxicity. Metastatic, non-small cell 
lung carcinoma: 10  mg/kg every 2  weeks in combination with 
erlotinib or docetaxel until a disease progression or an unaccept-
able toxicity [38].

7.3.8.4  Maximum Adult Dose
The maximum recommended dose is 10 mg/kg every 2 weeks [37].

7.3.8.5  Dose in Pediatrics
The safety and efficacy of ramucirumab in pediatric patients are 
not established [39].

7.3.8.6  Maximum Dose in Geriatric Population
No dose adjustment is necessary for elderly patients above 
65 years old [38].
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7.3.8.7  Dose Adjustment
There are no reports of the need for dose adjustment in patients 
with renal and liver failure [38].

7.3.8.8  Drug Interactions
Bisphosphonate derivatives: angiogenesis inhibitors may potentiate 
the toxic effects of bisphosphonate derivatives. The risk of osteone-
crosis of the jaw may be increased. Monitor this therapy [38]. No 
drug interactions were observed between ramucirumab and pacli-
taxel, docetaxel, irinotecan, and erlotinib. The  pharmacokinetics of 
these were not affected when administered together [37].

7.3.8.9  Dilution, Infusion Time, and Stability
Ramucirumab should be diluted in 0.9% sodium chloride solu-
tion, and the final volume of the solution should be 250 mL; it 
should also be administered within 60 minutes [37]. After dilu-
tion, it is stable for 4 hours at room temperature or 24 hours under 
refrigeration [40].

7.3.8.10  Main Adverse Reactions
The most common adverse reactions are hypertension, peripheral 
edema, hypoalbuminemia, hypocalcemia, hyponatremia, abdomi-
nal pain, decreased appetite, diarrhea, nausea, proteinuria, neutro-
penia, fatigue, headache, and insomnia [38].

7.3.9  Trastuzumab

7.3.9.1  Indications
It is indicated for early, locally advanced, and metastatic breast 
cancer and inoperable, advanced, recurrent, or metastatic gastric 
cancer associated with capecitabine or 5-fluorouracil and a plati-
num agent [41].

7.3.9.2  Pharmacokinetics
In most patients, trastuzumab has a concentration decrease of 
approximately 3% (approximately 97% clearance) within 
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7 months of discontinuation [42]. It has a volume of distribution 
of 44 mL/kg and a half-life elimination of 5.8 days (between 1 
and 32 days) [43].

7.3.9.3  Dosage
The indicated loading dose of trastuzumab is 8  mg/kg intrave-
nously given over 90 minutes, followed by 6 mg/kg intravenously 
given between 30 and 90  minutes every 3  weeks for a total of 
52 weeks [43].

7.3.9.4  Maximum Adult Dose
The maximum indicated dose is 8 mg/kg every 21 days [16].

7.3.9.5  Dose in Pediatrics
The safety and efficacy of using trastuzumab in pediatric patients 
are not established [43].

7.3.9.6  Maximum Dose in Geriatric Population
No dose adjustment is necessary for elderly patients 65 years of 
age or older [42].

7.3.9.7  Dose Adjustment
No dose adjustment is necessary in patients with impaired renal 
and hepatic function [42].

7.3.9.8  Drug Interactions
Transtuzumab may increase the cardiotoxic effect of anthracyclines. 
Because of this, their use should be avoided for up to 7 months after 
stopping trastuzumab. If it is necessary to use them at the same time, 
cardiac dysfunction must be closely monitored [42].

7.3.9.9  Dilution, Infusion Time, and Stability
Trastuzumab should be diluted in 250 mL of 0.9% sodium chlo-
ride solution and administered within 90 minutes in the first appli-
cation. In the absence of reactions, it is administered between 30 
and 60 minutes. After dilution, it is stable for 24 hours at room 
temperature [16].
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7.3.9.10  Main Adverse Reactions
The main adverse reactions are rash, abdominal pain, diarrhea, 
nausea, vomiting, infection, chills, dizziness, headache, insomnia, 
neuromuscular pain, cough, dyspnea, rhinitis, fever, reduced 
weight, and fatigue, among others [42, 43].

7.3.9.11  Immune-Related Adverse Events (IRAEs)
The focus of immune coreceptor blockers is the immune system 
unfit and adaptive in the continuous process of surveillance of the 
organism, different from conventional cytotoxic chemotherapy, 
that is, the tumor cell.

Mechanisms of immunotherapy suppressors, CTLA 4 or PD-1/
PDL-1, under physiological conditions are limited to immune 
response as a mechanism of tolerance and prevention of an exacer-
bated response. T lymphocytes are involved in the biological action 
of immunotherapeutics that have cytotoxic capacity. Cytotoxic 
responses occur more in the skin, gastrointestinal tract, liver, lung, 
and endocrine glands, but any organ may be the target of an 
immune-mediated response to more varied clinical presentations.

The incidence of immune-related events is most varied, both in 
frequency and manifestations, may occur in monotherapy and is 
associated with other immunoderivatives, and varies according to 
the neoplasm under treatment. It is important to note that IRAEs 
can occur after discontinuation of treatment, so prolonged surveil-
lance is important [44].

The recommendation for patients receiving immunotherapy 
drugs is to be clinically evaluated with anamnesis, hematological, 
hepatic, renal, and thyroid function assessment, at each applica-
tion, and in the segment every 6 to12 weeks in the first six months. 
For patients with preexisting autoimmune conditions such as vit-
iligo, hypothyroidism, systemic lupus erythematosus, rheumatoid 
arthritis, multiple sclerosis, HIV, and hepatitis B and C, who are 
candidates for immunotherapy, more attention is required from 
the health team regarding adverse events. Inclusion for treatment 
benefit should be greater than the risk to toxicity.

In an overview, the early diagnosis of potential AIS and dif-
ferential not related to treatment-induced immune activation is 
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indispensable for appropriate therapeutic guidance. Clinical man-
ifestation should ideally be graded by the Common Terminology 
Criteria for Adverse Events (CTCAE) (Table 7.2), but adequacy 
and classification in degrees do not replace clinical judgment.

Discontinuation of treatment is recommended when grade 4 or 
3 toxicities persist and are recurrent, without improvement after 
the indicated therapy. If another important immunotherapy is 
indicated, discuss with the patient the risks of AKI, and start treat-
ment within 4 weeks

I would remind you that at discharge the patient should be fol-
lowed up for 3 months in the first year, and every 6 months in the 
following years, due to the risk of late AKI [44]

7.3.10  Gastrointestinal Adverse Event and Its 
Management

The most common gastrointestinal adverse events are colitis, 
diarrhea, and pancreatitis. In clinical trials, it is believed that 
diarrhea is a result of colonic inflammation, so treatment of 

Table 7.2 CTCAE v4

S.No. Immunotherapy Directed treatment Follow-up

1 Continue 
treatment

Symptoms; topical 
steroids

Stepping up surveillance

2 Consider 
temporary 
suspension

Symptoms; topical 
steroids; consider 
prednisone VO 
0.5–1.0 mg/kg/day if 
persistent

Step up surveillance; in 
cases of suspension/
delay, reintroduce 
immunotherapy if grade 
1 toxicity or resolved

3 Suspend; 
consider 
reintroduction 
only in selected 
situations

Prednisone VO 
1-2 mg/kg/day or 
methylprednisone EV 
1–2 mg/Kg/day

Reevaluations every 
3–5 days; consider 
immunosuppressants if 
there is no improvement 
with steroids

4 Suspend 
permanently

Methylprednisone EV 
1–2 mg/Kg/day; 
consider 
immunosuppressants

Reevaluations every 
24–48 hours; consider 
the possibility of late 
recurrences
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 colitis and diarrhea are similar. For patients treated with ipilim-
umab for melanoma, the incidence of diarrhea (in any degree) is 
30%, and 10% for grade 3 and 4. For colitis in grades 3 and 4, the 
incidence is 5%.

In patients treated with PD-1/PD-L1 inhibitors, the incidence 
of diarrhea is lower, any degree corresponds to 15%, and grade 3 
and 4, about 2%. The frequency is higher in the combination of 
ipilimumab with nivolumab. However, the occurrence of intesti-
nal perforation is a rare (<1%) event.

This toxicity starts from the sixth week after the beginning of 
immunotherapy. Early recognition is essential to minimize com-
plications. There is no preventive treatment for diarrhea induced 
by these agents; the management of adverse events is based on the 
severity of symptoms and involves corticosteroids and/or immu-
nosuppressants. In severe cases, treatment is discontinued.

Pancreatitis is diagnosed with high levels of lipase and amy-
lase; in these cases, abdominal imaging is recommended to 
exclude actual pancreatitis.

7.3.11  Hepatic Adverse Event and Its Management

Liver AIS are usually asymptomatic, with laboratory alterations 
of AST, ALT, and GGT or bilirubins. The frequency is low from 
2% to 7% in monotherapy and 15% to 30% in the double immune 
block. Main symptoms present asthenia and hyporexia. Symptoms 
may occur from 8 to 12 weeks of treatment.

The management of hepatoxicity involves systemic corticoste-
roids and mycophenolate of mofetil in the most severe cases [44].

7.3.12  Pulmonary Adverse Event and Its 
Management

Pulmonary toxicity is uncommon; it is more frequent in patients 
treated for non-small cell lung cancer. In monotherapy, the risk is 
2.7%. Initial symptoms are cough, fever, or dyspnea to varying 
degrees and can occur in an unpredictable period during treatment 

7 Immunotherapy



274

from 9 days to 19 months. That is why systematic clinical evalua-
tion is important. In the case of suspicion, computed tomography 
of the chest is indicated, the pneumonitis may appear in a 
 radiological pattern of dull glass or infiltrated nodular, and there 
is no typical radiological pattern.

The management of pneumonitis is adequate according to the 
severity of the condition; immunosuppressives, infliximab, cyclo-
phosphamide, and mycophenolate of mofetil are the recommen-
dations for moderate to severe symptoms.

7.3.13  Cutaneous Adverse Event and Its 
Management

Cutaneous adverse events are more prevalent in combined immu-
notherapy treatments, anti-CTLA-4 agents, and in patients treated 
for melanoma. The main symptoms are itching, rash, maculopap-
ular, and vitiligo. Other clinical manifestations with lower inci-
dence are dry mouth, alopecia, stomatitis, and photosensitivity. 
Occurs in the first 3–4 weeks of treatment.

The management for this toxicity is hydration, photoprotec-
tion, topical steroids, and anti-histamines, and usually there is no 
need to discontinue treatment.

7.3.14  Endocrine Adverse Event and Its 
Management

Endocrine IRAEs can occur in 10% of cases. But keep constant 
surveillance. The occurrence of the event occurs in the 4–18 weeks 
of treatment and late. The endocrine event in any degree has been 
observed in all treated patients, affecting the thyroid gland and 
pituitary gland; manifestations such as type I diabetes mellitus 
and adrenalite may also occur. Symptoms include headache, 
fatigue, weight variations, hairloss, and constipation.

Management of endocrine IRAEs usually involves hormone 
replacement, anti-rheoid drugs, endocrine monitoring, and 
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 symptom control. Discontinuation of immunotherapy treatment is 
not  recommended.

The least present AIS are myocarditis and myocardial dysfunc-
tion, described in patients using ipilimumab and anti-PD-1 agents; 
hematological dysfunction associated with ipilimunab with rapid 
response to improvement with venous immunoglobulin therapy; 
and neurological events such as Guillain–Barré syndrome and 
myasthenia gravis, which has been described more frequently. 
The use of corticosteroid therapy, immunosuppressants, and 
immunoglobulin are considered exceptional in the control of such 
events. Finally, ophthalmological IRAEs such as uveitis, conjunc-
tivitis, and episclerites are associated with CTLA-4 inhibitors.

7.4  Conclusion

The use of immunotherapies, anti-CTLA-4, PD-1, and PDL-1, 
resulted in an advanced treatment of solid neoplasms. For a suc-
cessful management of toxicities, an early diagnosis, a high 
degree of suspicion in the face of symptoms, efficient patient 
medical communication, and a rapid targeted treatment are neces-
sary. In this context, the multidisciplinary team should be well 
informed of immune-related adverse events, the relationship with 
the patient’s clinic, and the medication used. The earlier the diag-
nosis of IRAEs, the less damage to the patient.
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8.1  Conventional CAR Structure and Its 
Variations

Immunotherapy using chimeric antigen receptors (CARs) is based 
on the transfer of autologous T cells, genetically modified to 
express CAR, receptors developed based on TCRs (T cell recep-
tors). A conventional TCR allows detection and destruction of 
cells by T cells after the presentation of tumor-associated antigens 
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(TAAs) or tumor-specific antigens (TSAs) by the major histocom-
patibility complex class I (MHC I).

Alternative strategies addressing the use of modified TCRs 
have been studied previously. However, one of the main limita-
tions of this therapy was the dependence of the TCR on MHC. This 
is relevant, primarily because one of the mechanisms of tumor 
evasion is a reduction of MHC expression in the cancer cell.

The classical CAR design has in its structure an extracellular 
domain, composed of a specific binding moiety and a hinge region 
(flexible moiety), a transmembrane domain, and an intracellular 
signaling and activation domain [32].

The specific binding moiety is usually formed by a single- 
chain variable fragment (scFv) of an antibody specific for tumor 
antigen recognition. The use of an scFv as a recognition region for 
TAAs allows a wide variety of CAR applications. Unlike TCR, 
CAR does not require the MHC I to present the antigen to recog-
nize it. For this reason, it also enables the identification of anti-
gens of another nature since the MHC only processes and presents 
protein-derived peptides. Thus, carbohydrate and glycolipid 
structures can also be used as potential targets. Another advantage 
is the possibility of carrying out mutations in the scFv moiety to 
modify its affinity for the target antigen, one of the factors that 
affect CAR-T cell activity (CAR-T). The magnitude of the cellu-
lar response of CAR-T cells against tumor cells depends, in addi-
tion to the binding affinity of scFv for its target, on the efficacy of 
CAR expression on the surface of the effector cell, the density of 
antigen on the tumor cell, and the accessibility of the epitope in 
the target cell [32].

One of the difficulties of CAR development is selecting a tar-
get since most of the antigens used are also expressed in healthy 
tissues and organs, which increases the risk of complications. 
Based on the binding affinity between antibody and antigen, it is 
possible to facilitate the differentiation between normal and tumor 
tissue when there is a difference in antigen density. Studies indi-
cate that an scFv with low affinity for a target can destroy cells 
where the antigen is abundantly expressed but cannot cause the 
death of healthy cells where the target is expressed at low or 
 normal levels [35, 40]. A CAR with low-affinity scFv against 
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EGFR (epidermal growth factor receptor) demonstrated an effect 
on cells overexpressing the target and no response to cells with 
lower EGFR levels [33]. Studies have also been done with 
trastuzumab- based CAR-T cells, where scFv with reduced affin-
ity showed reactivity only to HER2 (human epidermal growth 
factor receptor-type 2) of breast cancer cells, with no effect against 
normal cells expressing the antigen [47]. These results illustrate 
the versatility of scFv usage, which can be designed and manipu-
lated to influence specificity and differentiate tissues.

The spacer region, also called the hinge, is placed in most 
CARs between the binding domain and the transmembrane 
domain. Its function is to improve the flexibility and access of the 
binding moiety to the target antigen, so it should be planned in 
accordance with the epitope. Concerning its length, the longer the 
spacer, the easier it is to access epitopes proximal to the mem-
brane or antigens surrounded by the glycocalyx. In contrast, 
CARs with shorter hinges are more efficient for binding epitopes 
distal to the membrane [32]. In addition to spacer length, its 
sequence also needs to be optimized to enhance the CAR. The 
hinges of most CARs are based on immunoglobulins or are 
derived from membrane receptor ligands such as CD8α and 
CD28. Human IgG-derived spacers (IgG1, IgG2, or IgG4) may 
have two domains, CH2 and CH3, similar to IgG. However, sev-
eral studies have indicated that the CH2 domain preserves its abil-
ity to bind to Fc gamma receptors (FcγR), even when inserted into 
CAR [51]. This triggers the activation of other immune cells, 
reducing the persistence of CAR-T cells in the body. An alterna-
tive to circumvent this situation is modifying or deleting the CH2 
domain, thus avoiding FcγR binding activity. These longer spac-
ers are ideal for reaching epitopes proximal to the membrane. In 
contrast, hinges such as CD8α and CD28 have been widely 
employed since they do not interact with FcγR, especially for epi-
topes distal to the membrane, as these are shorter spacers. IgG- 
derived hinges without the CH2 and CH3 domains are also very 
useful in these cases.

The transmembrane domain has the function of anchoring the 
CAR to the cell membrane and is usually composed of a  derivative 
of a membrane protein, such as CD4, CD8, CD28, CD3ζ, or 

8 CAR-T Cells and Other Related Technologies



284

FcεRIγ [32]. CD8 and CD28 are used in most CARs. This domain 
is one of the least characterized. Still, some studies suggest that it 
may be relevant for CAR-T cell activity, influencing the activation 
signal transmitted from the extracellular domain to the intracel-
lular domain [28]. CARs with ICOS (inducible T cell costimula-
tor) as co-stimulatory in the intracellular domain showed better 
results when incorporated into ICOS as transmembrane domain, 
instead of CD8α [43]. These results suggest that the transmem-
brane domain of some co-stimulatory molecules may be involved 
in CAR-T cell signaling. The generations of CAR are distin-
guished by alterations in this signaling moiety, progressively 
intensifying the activity of these cells. Immunotherapy with CARs 
is widely studied and has shown several positive results in clinical 
trials. Some of these therapies have already been approved by the 
Food and Drug Administration (FDA), such as tisagenlecleucel 
(Kymriah®), axicabtagene ciloleucel (Yescarta®), and brexu-
cabtagene autoleucel (Tecartus®) [44].

8.1.1  Source of Co-stimulatory Domains

Co-stimulatory domains are generally derived from the B7-CD28 
family, composed of CD28 and ICOS, in addition to suppressor 
molecules, such as CTLA-4 and PD-1, or from the tumor necrosis 
factor receptor (TNFR) gene family, consisting of 4-1BB 
(CD137), OX40 (CD134), and CD27 [40].

The B7-CD28 family molecules perform their signals through 
the phosphatidylinositol 3-kinase (PI3K)-Akt pathway, with 
ICOS being able to induce a more intense activation than CD28 
[38, 43]. In contrast, CD28 can recruit Grb2 and Lck in its intra-
cellular domain, leading to the recruitment of Itk, increasing IL-2 
levels and cell proliferation [29]. The TNFR family molecules, on 
the other hand, activate TRAF (TNF receptor-associated factor) 
proteins, being related to the modulation of T cell proliferation, 
differentiation, and survival [52]. Most CARs use CD28 and 
4-1BB as co-stimulatory molecules in the three  FDA- approved 
second-generation CAR-T models [44]. Third- generation CARs 
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usually combine one co-stimulatory domain from the B7-CD28 
family and another from the TNFR family to activate two differ-
ent signaling pathways.

Clinical trials performed with CARs containing CD28 or 
4-1BB domains have shown that both present a similar antitumor 
response. However, the cellular persistence between the two is 
quite different. Studies using these CARs in B-cell malignancies 
indicate that CAR-Ts with CD28 are eliminated from the body in 
about three months, while CAR-Ts with 4-1BB remain for years 
[31, 48]. Studies suggest that this is because activation through 
CD28 leads to a high initial effector function, triggered by IL-2 
secretion, which accelerates the proliferation process but reduces 
the persistence of these cells due to exhaustion [42]. On the other 
hand, 4-1BB induces a slower effector response that sustains 
T-cell persistence for a longer time [43]. Combining the CD28 
and 4-1BB domains into a single third-generation CAR demon-
strated enhanced functionality and persistence [55]. In compari-
son, the incorporation of ICOS as a co-stimulatory domain 
showed greater cell persistence than CD28 or 4-1BB, as well as 
enabling polarization of Th17 effector T cells, which potentiates 
T helper functions [41, 43].

Researchers found that the motif responsible for interacting 
with the SH2 fraction of PI3-K of CD28 and ICOS is different by 
only one amino acid. For ICOS, the motif is YMFM composed of 
phenylalanine (F). In CD28, it corresponds to YMNM with an 
asparagine (N) [42]. The asparagine present in YMNM interacts 
with Grb2 causing NFAT (nuclear factor of activated T cells) acti-
vation and stimulating IL-2 production. An asparagine switch to 
phenylalanine at this CD28 motif blocks this binding to Grb2, 
reducing NFAT activation and increasing Akt activation. In vivo 
tests [42] compared the activity of native CAR-T CD28 cells and 
CAR-T CD28-YMFM cells and observed an improved tumor 
response and increased persistence of the mutated cells. An assay 
was also performed with native CAR-T ICOS cells and CAR-T 
ICOS-YMNM cells, where mutated cells had reduced cell persis-
tence and antitumor activity compared to native cells. Other 
important motifs for CD28 signaling can also be explored as 
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 possible targets for mutations, such as PYAPP, which has also 
been studied [30].

In addition to studies using point mutations, the employment 
of other co-stimulatory domains, such as OX40  in association 
with CD28 demonstrated an increase in T cell survival compared 
to second-generation CAR-T CD28 [45]. The CD27 domain also 
showed better cell survival than CD28 [49].

New advances have addressed the use of other molecules as 
CD3ζ substitutes, such as DAP12 (DNAX-activating protein of 
12 kDa) for application in ACT with NK cells, or DAP12 together 
with KIR2DS2 (killer immunoglobulin-like receptor) as a trans-
membrane domain, both showing positive results of antitumor 
activity and good expression [50].

8.1.2  Generations of CAR

The first proposals of CAR cells were composed of a single-chain 
fragment variable (scFv), a spacer, a transmembrane region, and 
an intracellular domain, based on the zeta chain of CD3 complex 
(CD3ζ). This structure was initially called first-generation CAR, 
which uses only CD3ζ as a co-stimulatory molecule of activation 
signal (Fig. 8.1).

CD3ζ chain has three domains called immunoreceptor 
tyrosine- based activation motifs (ITAMs), composed of an amino 

1st
GENERATION

TM TM TM TM

C
o2

C
o1

C
o1 C
o1

NFAT

scFv

CYTOKINES

mRNA 
transcription

Hinge

Transmembrane
domain

Intracellular
signal domain

2nd
GENERATION

3rd
GENERATION

4th
GENERATION

C
D

3

C
D

3

C
D

3

C
D

3

Fig. 8.1 Four generations of chimeric antigen receptors (CARs)

M. R. L. Bezerra et al.



287

acid sequence. When anscFv recognizes an epitope, a signaling 
cascade is triggered, phosphorylating ITAMs and causing an 
effector cell activation and tumor cell death [27]. Despite the 
proven antitumoral activity, first-generation CARs have shown 
some downsides regarding therapeutic efficacy and persistence in 
clinical trials [32, 37].

In addition, T cells need two-activation signaling, one MHC- 
dependent and the other via co-stimulatory molecules. Throughout 
time, CAR structure has been improved to add activation routes, 
which is possible by increasing co-stimulatory signals on the 
intracellular domain. Second-generation CAR presents the addi-
tion of CD28 as a co-stimulatory molecule (Fig. 8.1). Other mol-
ecules have also been tested, such as CD27, CD134 (OX-40), 
CD137 (4-1BB), and ICOS [43].

The addition of other co-stimulatory signals brought a better 
signaling cascade, improving cytokine production and prolifera-
tion in vivo on CAR-T cells [43]. After promising results from 
second-generation CAR co-stimulatory signals, a third- generation 
CAR is the one that presents a further signaling molecule on its 
intracellular structure (Fig. 8.1). In many studies, third-generation 
CARs have shown improvement regarding persistence, prolifera-
tion, and antitumor activities compared to second-generation 
CARs [43]. However, it is crucial to investigate superactivation 
signaling phenomena, which can exacerbate collateral damages 
and tonic signaling, an uncontrolled and sustained activation that 
causes CAR-T cell burnout.

Fourth-generation CARs, also known as T-cell redirected for 
antigen-unrestricted cytokine-initiated killing (TRUCKs), com-
bine second-generation receptors with an efficacy boost through 
cytokine release (Fig. 8.1). Thus, this generation of CARs pursues 
CD3ζ as an intracellular signaling domain, a co-stimulatory mol-
ecule, and a pro-inflammatory factor, such as IL-7, IL-12, and 
IL-15 for CAR-T activity improvement and immunosuppressive 
tumor activity reduction. Thereby, the transgenic cytokine is 
released after CAR activation and will be placed on the target tis-
sue, decreasing its systemic side effects [34, 75].

The first generation of CARs consisted of an scFV as a binding 
domain, a hinge, a transmembrane region, and a single  intracellular 
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signaling domain (CD3ζ). The second generation included a new 
co-stimulatory molecule (CD28, 4-1BB, ICOS, OX40, or CD27). 
The third generation has two co-stimulatory molecules, in addi-
tion to CD3ζ, usually CD28 or ICOS as Co1 and 4-1BB, OX40 or 
CD27 as Co2. The fourth generation, also called TRUCK, com-
bines second-generation CARs with a molecule that induces the 
expression of transgenic cytokines (NFAT).

Recently, new CAR configurations have been developed to 
reduce tumor evasion and toxicity and increase its versatility, such 
as recognizing a broad antigen spectrum. Those new receptors 
may be considered the next generation of CARs [37, 40]. One of 
the main evasion mechanisms is CAR-T cell loss, mutation, or 
down expression of target antigens, bringing about a discussion of 
CARs that recognize more than one epitope. Thus, tandem CARs 
(TanCAR) are engineered to present a sequence of two scFv bind-
ing to two different epitopes [39]. TanCAR development is com-
plex and needs a few more receptor optimizations, aided by 
computational modeling and other bioinformatics tools.

Another approach is double CARs, where two different CARs 
are expressed in the same cell. Preferentially, both CARs should 
be cloned using the same vector to guarantee the simultaneous 
expression of both molecules. Tandem CARs and double CARs 
are also known as CAR OR-gate because any scFv interaction to 
its epitope triggers CAR-T cell activation, which might be even 
more intense when both antigens are recognized [37, 40].

A conventional CAR-T cell limitation targets antigens 
expressed both in healthy and tumor cells, leading to “off-tumor” 
effect. New strategies have been developed to reduce toxicity, 
such as CAR-T cells activated only when both epitopes are recog-
nized (AND-gate) [46]. An alternative is CAR combination, 
where the first CAR uses a CD3ζ domain while the second one 
uses another co-stimulatory domain. Thus, CAR-T cell activation 
is effectively triggered only when both epitope recognitions lead 
to reactivity reduction when there is interaction with only one epi-
tope.

The CARs ON-switch have an extracellular domain dissoci-
ated from the extracellular signaling domain. In this case, even if 
there is one domain recognition, the receptor does not trigger a 
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signaling cascade [53]. The activation happens through a small 
heterodimer molecule administered to the patient, allowing in situ 
dose control.

A more recent approach combines the AND-gate system with 
the synthetic Notch receptors (synNotch). Its activation leads to 
the expression of another CAR, responsible for CAR-T cell acti-
vation by binding to the target antigen [81]. The combination of 
activation CARs to inhibitory CARs (iCARs) has also been inves-
tigated, and it is commonly constructed using CTLA-4 or PD-1 
receptors [82]. As a result, T cells are activated only in the pres-
ence of the corresponding antigen of conventional CAR and the 
absence of iCAR antigen.

Universal CARs have been studied to reduce tumor evasion 
and toxicity. In one of the possible conformations, CARs express-
ing cells have no specificity and bind to antibody-based conju-
gated to biotin or fluorescein isothiocyanate (FITC) [27, 54]. This 
approach allows different antibody binding and CAR substitution, 
allowing diverse antigen recognition into the same CAR.

Another conformation that has been studied is SUPRA CAR 
(split universal, programmable chimeric antigen receptor) through 
a zipCAR receptor (leucine-zipper conjugated to an intracellular 
signaling domain) and a zipFv domain (leucine-zipper bound to an 
scFv complementary to zipCAR) [36]. Therefore, different zipFv 
might be used with different targets. If “off-tumor” reactivity is 
observed, one might use competitive zipFv with a high affinity to 
zipCAR to compete with the target cell and block CAR activity.

Besides structural modifications, gene editing could be used to 
optimize CAR-T cells concerning efficacy and safety. There are 
works with suicidal genes, gene-insertion with endonucleases, 
and CRISPR/Cas9 system, among others [37, 40].

8.2  Lymphocyte Activation and Cell Death 
Signals Promoted by CAR Cells

When T lymphocytes interact with antigen/MHC receptors on 
antigen-presenting cells, many signal pathways are activated, 
such as Ras-extracellular signal-related kinase (EKR)-activator 
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protein (AP)-1 pathway, inositol triphosphate (IP3)-Ca2+-nuclear 
factor of activated T cell (NFAT) pathway, protein kinase C (PKC)
θ-IĸB kinase (IKK)-nuclear factor (NF)-κB pathway, the tuberous 
sclerosis complex (TSC)1/2-mammalian target of rapamycin 
(mTOR) pathway, and others, culminating in T cell activation to 
exert its cytotoxic effects. The TCR complex plays an essential 
role in T cell activation and thus cytotoxic effects. It is comprised 
of TCRα/β chains and CD3γ/δ/ε/ζ subunits. CD3 transmits the 
TCR activation signal to the cell cytoplasm, phosphorylating 
ITAM (immunoreceptor tyrosine-based activation motif) resi-
dues, thus activating protein tyrosine kinases, leading to cell death 
induction. This mechanism is dependent on TCR activation, and 
CAR-T cells overcome the use of TCR with the combination of 
the target-specific extracellular domain (i.e., scFv) and the intra-
cellular domains of the TCR, which are the TCR’s domains 
involved in cell signaling. Therefore, chimeric antigen receptors 
dismiss the necessity of antigen presentation by MHC I.  Both 
strength and length of stimulation affect the intensity by which 
the cell will be activated and its differentiation patterns, such as 
the generation or enhancement of memory CD8+ T cells, prolif-
eration, and survival [23]. Therefore, the extracellular domain’s 
affinity is an essential factor when designing new CAR cells and 
the type of intracellular co-stimulatory domains. These features 
affect clinical outcome and toxicity by influencing the cell death 
capacity and release of cytokines, respectively.

CAR-T cell activation results in their proliferation, as demon-
strated by Chen et  al. [24], where CAR-T cells make 1–5% of 
total T cells within the tumor microenvironment (TME) after one 
week of infusion of axicabtagene ciloleucel. Their presence 
induces the production of IL-6 by non-CAR cells within the 
TME. Therefore, antitumor activity promoted by CAR seems to 
be performed by complementary mechanisms of cell death induc-
tion and local immune response. Their work also shows a continu-
ous increase of CAR-T cells after the first two weeks of infusion, 
reaching 50–100 cells/μL by day 14 (2–60% of all peripheral T 
cells). The work performed by Blache et  al. [25] shows an 
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increased expression of CD-45 (exhaustion of T cells), inhibitory 
checkpoint molecules (LAG3, PD-1, and TIM3, suggesting T cell 
post-activation/exhaustion), granzyme B/perforin, and IFN-y and 
a decrease in the CD4/CD8 ratio, indicating that the cell will be 
active, and under intense proliferation, at the rate they express 
exhaustion-related molecules that will result in their decrease in 
cytotoxic effects.

8.3  Immunological Synapse Quality

8.3.1  Molecular Mechanisms of Cell Death 
Induction

When CAR cells find their target, they activate a set of signals that 
induce the target cell to death. These signals are intrinsically 
dependent on immunological synapse formation. As previously 
discussed, many signals are activated, promoting a set of morpho-
logical and physiological changes in the CAR-T cell. This activa-
tion’s strength depends on both scFv affinity (extracellular) and 
co-stimulatory domains (intracellular), which will affect the 
degree to which death signals are released. Liu et al. [26] reviewed 
parameters and assays used to evaluate what might be considered 
a “good” or “bad” CAR cell, such as the expression rate of CD8 
receptor in the batch to be infused (suggesting that the trans-
formed cell has cytotoxic potential), the release of interleukins 
linked to cytotoxic effects (IL-1, IL-6, IFN-γ, IL-10), 51Cr release 
assay, and evidence of synapse formation, indicated by the polar-
ization of granzymes/perforin granules (apoptosis inductors), 
accumulation and reorganization of F-actin (involved in cytoskel-
eton stabilization), and clusterization of CAR and other death 
receptors (such as Fas), among others. Such parameters may be 
examined by standard techniques such as flow cytometry [25], 
where up to 15 parameters (13 colors) were analyzed in a single 
flow cytometry experiment to follow CAR-T treated patients for 
both surface and intracellular markers. As the first sign of CAR-T 
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cell activation, the number of CD8+ cells in treated patients 
increases at day-9 post-infusion, followed by several activations 
of molecular mechanisms at synapse formation.

When CAR cells approximate, besides the release of gran-
zymes A and B, trimerization of FasL/TRAIL receptors induces 
apoptosis through different pathways. The trimerization of these 
receptors are necessary to recruit FADD, leading to procaspase-8 
activation into caspase-8, followed by activation of two distinct 
pathways: (1) activation of Bid (BH3-interaction domain death 
agonist), leading to the mitochondrial release of cytochrome c and 
Smac/Diablo, culminating in the activation of the apoptosome and 
(2) activation of pro-caspases 3/6/7, all two paths leading to apop-
tosis, as described in Fig. 8.2.

Molecular mechanisms induced by CAR-T cell. Several cas-
pases are activated, culminating in apoptosis induction from 
 perforin/granzymes release and trimerization of cell death recep-
tors, such as Fas. All those mechanisms are activated when the 
immunological synapse is formed.
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8.3.2  Morphological Changes

A good CAR-T cell and target cell approximation will induce 
morphological changes that might determine a quality CAR [26]. 
The favorable formation of immunological synapses will cause 
the induction of signals previously mentioned. Therefore, synapse 
formation might be a predictor that can correlate to efficient clini-
cal outcome with cytotoxic effect against a cancer cell. Engineering 
of the extracellular portion of the receptor aiming to obtain high-
affinity binders might favor stronger interactions between cells, 
inducing a more protracted and closer communication channel. 
Even though this interface between cells is essential to set up the 
CAR’s mechanisms, it is also known that overactivation of this 
cell might lead to critical cytotoxic events, suggesting that an 
optimal range of affinity would give a proper balance of T cell 
activation and controlled adverse events.

A CAR cell, such as CAR-T or CAR-NK, will form an immu-
nological synapse when interacting with its target cell. That inter-
action is induced by approximation between the extracellular 
domain of the CAR (scFv) and its surface target. When this syn-
apse is formed, accumulation of both CAR and cell death recep-
tors (such as Fas) and cytoskeleton reorganization will occur, 
leading to lytic granule polarization (Fig. 8.3).

Cytoskeleton reorganization, the polarization of receptors 
(CAR and death induction), and perforin/granzymes are hall-
marks of the immunological synapse.

8.4  Overview of CAR Cell Clinical Targets

Target selection is the most fundamental factor determining the 
potential of CAR-T therapy, and its selection criteria are not ordi-
nary [18]. One of the major hurdles in cell-based therapy is the 
identification of appropriate targets that result in disease regres-
sion, sparing healthy tissues unharmed [1]. The majority of tumor 
antigens are proteins, but other biomolecules, such as carbohy-
drates and lipids, could be potential targets [18].
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Some features might be considered when choosing a target, 
such as coverage and specificity. They refer to antigen distribu-
tion throughout the cell surface, besides the specific interaction 
between the CAR cell and its target. Both of these features 
guarantee the effectiveness and safety of the CAR-T cell. 
Another characteristic that should be evaluated is stability, 
which is related to target expression recurrence. In CAR-T cell 
treatment, losing targets is a common mechanism for treatment 
failure [18].

Tumor antigens have been largely restricted to cell surface pro-
teins. There are three main types of cancer antigen:

• Tumor-specific antigens (TSAs): expressed only on malignant 
cells, which reduces the possibility of on-target/off-tumor 
effect. However, tumor heterogeneity among patients could 
make identification difficult.

• Tumor-associated antigens (TAAs): expressed at different lev-
els on healthy and tumor tissues. Its increment might be a tar-
get identification, even though there is a high possibility of an 
on-target/off-tumor effect.
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Fig. 8.3 Morphological changes on CAR-mediated immune synapse
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• ·Cancer germline antigens (CGAs): minimally expressed on 
healthy cells but frequently expressed on malignant cells and 
embryonic tissues. The major downside of this approach is that 
CARs could destroy healthy reproductive tissue.

Identifying antigens expressed in heterogeneous solid cancers 
that are not expressed in critical healthy tissues is one of the big-
gest challenges for the field of CAR-T cell therapy [1]. Despite 
these hurdles, some studies have had success in  vitro in solid 
tumor treatments with CAR-T cells.

There are few targets in promising studies for solid tumors, 
such as gp100, an intracellular tumor-associated glycoprotein 
involved in melanin synthesis, which is 60% expressed in mela-
noma cells [17]. In vitro, gp100-specific TCR and chondroitin 
sulfate proteoglycan 4 (CSPG4)-specific CAR showed potent 
antitumor cytotoxicity against melanoma cells. Another target is 
GD2 ganglioside, a glycosphingolipid involved in signal trans-
duction, cell–cell recognition, and tumor cell metastasis and is 
known to be overexpressed in solid tumors. GD2-specific CAR-T 
lymphocytes exhibit potent anti-melanoma activity in  vitro and 
in vivo. Moreover, CAR-T cells directed to the GD2 antigen in 
neuroblastoma induced tumor responses and low-level persis-
tence in patients, which was associated with more prolonged sur-
vival [17].

There are a plethora of cell-based immunotherapy approaches 
for multiple myeloma in preclinical and clinical trials. B-cell mat-
uration antigen (BCMA) is a membrane bound of the tumor 
necrosis factor receptor superfamily expressed primarily by 
plasma cells [3]. Some of its ligands are B-cell activating factor 
(BAFF) and a proliferation-inducing ligand (APRIL) [16]. BCMA 
expression in multiple myeloma patients is almost universal, but 
the density of antigen expression in the cell surface is highly vari-
able and affects CAR’s overall success.

CD19 is the most well-established target for B-cell treatment 
using CAR-T cell technology. It is expressed only on B cells and 
B lymphoid progenitors but not on progenitor stem cells [13]. 
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Clinical trials of CAR-T cell-targeting CD19 have shown sig-
nificant responses in acute lymphoblastic leukemia (ALL), 
chronic lymphocytic leukemia (CLL), diffuse large B-cell lym-
phoma (DLBCL), and follicular lymphoma (FL). The US FDA 
approves two CD19 CAR-T cell products, and they have differ-
ent CAR backbones, different gene transduction, and different 
culture conditions. Kymriah, which Novartis manufactures, uses 
4-1BB as the co-stimulatory domain, whereas, Yescarta (Kite’s 
product) uses a CAR construct with CD28 as the co-stimulatory 
domain [11]. The design of CAR has been constantly reviewed 
to achieve a better effect. A set of new scFv fragments has been 
constantly screened to get better clinical outcomes for the affin-
ity and specificity of CAR-T cell therapy [9]. A new human scFv 
anti-CD19 was obtained by Gu et  al. by using bioinformatics 
tools, such as structural modeling and docking [5]. Another 
study developed new CD19-CAR-T cells, which produced lower 
levels of cytokines, expressed higher levels of antiapoptotic 
molecules, and proliferated more slowly than the other CAR-T 
in comparison [22].

As with CD19, CD20 and CD22 are B-lineage markers and 
should be considered candidates for CAR cell therapy, even 
though targeting these molecules will probably result in an “on- 
target/off-tumor” effect on nonmalignant cells, leading to B-cell 
aplasia [10]. Those two markers are expressed in most mature 
B-cells but not on B-cell progenitors and plasma cells. CD20 is 
expressed in 50% and CD22 80–90% of B-acute lymphoblastic 
leukemia (B-ALL) cases [2].

CD47 is a cell surface glycoprotein of the immunoglobulin 
superfamily that is often overexpressed in both hematological and 
solid cancers such as ovarian, small cell lung cancer, pancreatic, 
glioma, glioblastoma, pediatric brain tumors, and other types of 
cancers. Its signaling plays a crucial role in maintaining tumor 
initiation or cancer stem cells [4]. Recently, Golubovskaya et al. 
have developed a humanized CD47-CAR-T cell, which effec-
tively and specifically killed cancer cell lines and produced cyto-
kines in a CD47-dependent manner. In addition, they demonstrated 
in the ovarian SKOV-3 cancer cell line that CD47-CAR-T cells 
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could be used to target cancer stem cells, paving new roads to 
solid tumor therapies [4].

Recent studies have developed, using CD38, a glycoprotein 
detectable in B-ALL, as a target to CAR-T cell therapy. However, 
further experiments, including experiments optimizing the affin-
ity of CD38-CAR-T cells to reduce target-mediated toxicity and 
knocking out the CD38 gene in CAR-T-38 cells by using gene- 
editing technology, such as CRISPR/Cas9, to avoid the “self- 
lysis” of CAR-T-38 cells, are required to improve the safety and 
persistence of these cells in future clinical studies, even though 
the potent and specific antitumor activity of CAR-T-38 cells is 
established in a relapsed B-ALL patient [6].

Some other targets, such as CD138 (a member of the syndecan 
family involved in cell–cell and cell–matrix interactions), CD229 
(strongly expressed in multiple myeloma cells and their precur-
sors), CD44v6 (expressed on keratinocytes, monocytes, epithe-
lial, and hematologic tumors), and SLAMF7 (signaling 
lymphocytic activation molecule F7) have been investigated to 
elucidate their efficacy and safety in CAR-T cell therapy against 
multiple myeloma in vitro and in vivo [12].

8.5  Toxicological and Adverse Events Related 
to CAR-T Cell Therapies

Despite the extraordinary advances that adoptive genetically engi-
neered immune cell therapy already represents for fighting, above 
all, hematological malignancies, challenges regarding safety and 
predictability of therapeutic outcome still impose limitations both 
on expanding the eligibility of patients who could benefit from 
therapy with CAR-T cells and their variants and on establishing 
their applicability to solid tumor cancers and autoimmune, meta-
bolic, and infectious diseases.

Given that the basic principle of the method, in the oncological 
context, is deliberately applying cells with high destructive power 
(cytotoxicity) and promoting a robust immune response in an 
inexorably debilitated patient, the risks of occurrence of adverse 
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events due to its level of toxicity are among the main concerns 
associated with CAR cell therapy. Although the idea is to restrict, 
when possible, the action of adoptive cells only to target tissues, 
the expression of the CAR-specific antigen in nontarget tissues or 
healthy cells, even in low amounts, as well as the excessive release 
of immune mediators, can lead to severe toxicity.

8.5.1  “On-Target Off-Tumor” Toxicity

It is not by chance that the FDA-approved CAR-T products so far 
are directed to hematological cancers of B cells [56], being 
restricted to patients that either have not responded or have 
relapsed after multiple standard treatments. In this context, as 
already mentioned, the antigen that is best characterized and used 
in the majority of cell therapies already available is the CD19 pro-
tein, expressed on B cells, in different development stages, but not 
in stem cells, which are critical for hematopoiesis. Patients can 
tolerate the complete depletion of B cells (B cell aplasia) through 
the temporary administration of immunoglobulins [58]. Still, 
humoral immunosuppression resulting from B cell depletion con-
tributes to the risk condition of the patient that has just undergone 
anti-CD19 CAR cell therapy. Most patients stay in the hospital for 
weeks following treatment, allowing for close monitoring and 
care of the possible adverse effects [57].

Besides the search for new hematological targets, finding safe 
antigens expressed only and homogeneously on solid tumor cells 
or their microenvironment is one of the biggest obstacles to devel-
oping and approving CAR cells against this type of malignancy. 
The occurrence of cognate targets on cells of crucial healthy tis-
sues is a source of so-called “on-target off-tumor” toxicity, which, 
ideally, must be detected early in the preclinical stages of the 
therapy development.

Most of the antigens targeted by the current CAR-T cells are 
not exclusively expressed on cancer cells. Although their off- 
tumor toxicity can be acceptable in some situations, they can be 
clinically manageable as in the cases of anti-CD19 and anti- 
BCMA—other examples have shown severe acute toxicity. An 
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example of a disastrous outcome related to CAR-T cell-mediated 
“on-target off-tumor” toxicity happened in the clinical trial of an 
ErBB2-directed CAR-T cell administered to a patient with 
ErBB2 overexpressing metastatic colon cancer. Even though low, 
the level of target-antigen on healthy lung epithelial cells was 
probably enough to activate CAR-T cells, leading to tissue dam-
age that resulted in the patient’s death soon after infusion [59]. In 
another study with CAR-T cells in patients with metastatic renal 
cell carcinoma, the expression of targeted antigen, carboxy-
anhydrase- IX (CAIX), on healthy bile-duct cells demonstrated 
unacceptable toxicity, rendering this CAR-T not feasible for fur-
ther exploration [60].

Curiously, engaging antigen on healthy tissues can be a way of 
stimulating CAR-T cells repeatedly and, thereby, providing long- 
term on-tumor responses by more persistent CAR-T cells [75]. 
This, combined with other engineering strategies, has been 
explored in new CAR designing ideas to overcome toxicity issues 
and efficiency constraints. For example, short-term low- 
proliferative CAR cells could benefit from this fact and be safer at 
the same time through the targeting of multiple antigens. By rec-
ognizing more than one antigen, activation of CAR cell can be 
modulated by the signaling combinations of the different parts in 
a logic-gated manner. The function and outcome of these combi-
nations can vary immensely and depend on each construction goal 
[76]. Other approaches involve targeting tumor-restricted post- 
translational modifications [61, 62] and improving selectivity for 
the tumor by decreasing CAR’s affinity for antigens that are 
expressed at low levels on healthy tissues but densely expressed 
on the tumor [47].

8.5.2  Overactivation of Immune Effector Cells 
and Cytokine Release Syndrome

The exacerbation of a systemic pro-inflammatory environment 
due to the activation and proliferation of CAR-T cells can lead to 
a scenario in which native immune effector cells, such as macro-
phages, T-lymphocytes, and NK-cells, are overactivated. This, 
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associated with a massive release of immunological mediators, 
ends up causing life-threatening damage. This common side- 
effect, known as cytokine release syndrome (CRS) or cytokine 
storm, is the main toxicity event following CAR-T cell treatment. 
CRS has been the most frequent cause of death related to anti-
 CD19 CAR-T cell therapy [63]; thus, several molecular engineer-
ing strategies for the generation of improved CAR cells are 
oriented to face this issue. Some clinical manifestations are flu- 
like symptoms, high fever, encephalopathy, rashes, arthralgia, 
myalgia, hypotension, cardiac complications, multiorgan system 
failure, and neurological disorders [65]. CRS’s monitoring and 
mitigation strategies are essential parts of the mandatory risk 
management plan of any CAR-T cell therapy [57].

Although many other factors are also involved, cytokine IL-6 
plays a central role in mediating CRS.  IL-6 has both anti- 
inflammatory and pro-inflammatory activity. Its pro-inflammatory 
response is associated with high cytokine levels and, likely, as a 
result of a trans-signaling route mediated by a soluble IL-6 recep-
tor, which reaches a wider range of cells than the classical anti- 
inflammatory IL-6 signaling route. On the other hand, the 
anti-inflammatory route is mediated by membrane IL-6 receptor 
(CD126), which is expressed on macrophages, neutrophils, hepa-
tocytes, and some T cells, being associated with low levels of IL-6 
[66]. Emerging evidence implicates non-CAR cells of the tumor 
microenvironment (TME) as the primary source of IL-6 following 
local CAR-T cell activation [24]. Many details on the pathophysi-
ology of CRS remain yet to be better characterized. The blockade 
of IL-6 receptor with an anti-IL-6 mAb tocilizumab, which is 
approved by the FDA for severe cases, is not always effective for 
CRS [64]. TME profile and predisposition factors may also play 
crucial roles in the occurrence of CRS and other CAR-mediated 
toxicities.

Next-generation CAR cells have been engineered to 
improve their antitumor activity without increasing associated 
toxicity. Along with modulating activation and cytokine secre-
tion profile by modifying the parts of the CAR (hinge, trans-
membrane region, and co-stimulatory domains) in a tailored 
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way [22, 68], another promising strategy is focused on modu-
lating the trafficking and regulatory functions not only of 
CAR-T cells but also of non- CAR- T cells in TME.  The so-
called “armored CAR-T cells” are modified to co-express 
interleukins, trafficking molecules (chemokines, chemokine 
receptors), and other effectors that might improve the CAR-T 
cell performance [67]. Expression of a defective IL-6 receptor 
capable of sequestering local IL-6 without promoting massive 
cytokine liberation is an example of an approach to mitigate 
CAR-T cell-mediated CRS [24].

CRS does not always necessarily accompany CAR cell- 
mediated neurotoxicity as well as macrophage massive activation. 
Both immune effector cell-associated syndrome (ICANS) and 
macrophage activation syndrome (MAS) are associated with a 
massive expansion of T cells and supraphysiologic cytokine pro-
duction. ICANS and MAS overlap with many CRS symptoms and 
consequences; however, neurotoxicity following CAR-T cell 
therapy might occur even in the absence of CRS [69]. A different 
mechanism for CAR-mediated neurotoxicity might explain why 
anti-IL-6 therapy is usually not effective for neurotoxicity and, 
thus, it is often managed with corticosteroids [70].

8.5.3  Graft-Versus-Host Disease

Graft-versus-host disease (GVHD) is a life-threatening condi-
tion characterized by the cytotoxic activity of the transferred 
cells against the host healthy tissues. GVHD is commonly 
related to the context of allogeneic hematopoietic stem cell 
transplant (HSCT) [69] and, similarly, is one of the most signifi-
cant issues of allogeneic T cells. The endogenous TCR on allo-
geneic T cells may recognize the alloantigens of the recipient, 
promoting GVHD. Allogeneic T cells are a promising alterna-
tive to circumvent some of the drawbacks of autologous T cells, 
thus having the potential to generate the so-called “off-the-shelf-
CAR-T cells” [72].
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A modality of adoptive genetically engineered immune cells is 
the TCR-T cells (TCR-engineered T cells). The idea was initially 
based on using natural T cells that were specific to intracellular 
tumor antigens. However, this kind of T cell tends to be naturally 
rare and small in activity since tumor-associated antigens are 
often similar to nonmutated versions of self-antigens. Furthermore, 
there is a natural TCR affinity limit related to avoiding severe cel-
lular autoimmunity. In other words, natural T cells with potential 
high cytotoxic activity for tumor cells are negatively selected in 
the thymus. Thus, the TCR-T cells are like CAR cells. Still, 
instead of having antigen-binding regions from an antibody (VH-
VL), TCR-T is genetically modified to express TCR (α and β 
chains) specific to a defined intracellular tumor target with high 
affinity [71]. While conventional CARs are restricted to cell- 
surface proteins in their native conformation, TCR-T cells can 
recognize intracellular antigens through its peptides presented on 
MHC molecules.

Despite several examples of efficient application of TCR-T 
cells [73], the concern is a possibility that the assembly of TCR 
engineered and endogenous TCR chains would generate self- 
reactive T cells with mixed TCR dimer, having the potential to 
lead to GVHD. In addition, it has been demonstrated that high- 
affinity engineered TCR may also lead to GVHD by cross recog-
nition of self peptide-MHC [74], which corroborates the 
importance of that thymus’ natural function of eliminating high- 
affinity TCRs.

The most efficient solution to avoid this problem is deleting 
endogenous TCR chain genes of the adoptive cells with CRISPR- 
Cas9 gene-editing system. Other genes, either related to further 
toxicity events or to activity, may also be precisely engineered in 
a multiplex gene editing approach [72]. Moreover, donor T cells 
expressing herpes simplex virus thymidine kinase (HSV-tk) sui-
cide gene have long been used to control already established 
GVHD in the set of HSCT. The nucleoside analog prodrug ganci-
clovir is phosphorylated by the HSV-tk, forming a compound that 
inhibits DNA synthesis and, in turn, leads to cell death [77].
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8.6  Design of New CAR Cells—scFv, VHH, 
and Other Specificity Domains

CAR configuration consists of an extracellular molecule (respon-
sible for target specificity) coupled to the transmembrane and 
intracellular regions, responsible for propagating signaling in 
tumor cells, creating a modular molecular system. Each evolution 
regarding the intracellular domains rendered a new generation of 
CAR-T cells.

The display of antibody libraries on phage is a powerful tech-
nique to isolate human antibodies for cancer antigens [86]. Ochi 
et al. constructed an scFv library to produce new anti-CD19 frag-
ments used in CAR-T cell therapy. Their T-cell-based scFv gen-
eration system may be of value for optimal tuning of an 
immunological synapse formed between CAR-T cell and tumoral 
antigen [15].

Another approach to improve specificity, avidity, and coverage 
is to construct a CAR with a bispecific, instead of only one scFv, 
once called TanCAR. A bispecific or biepitopic antibody binds to 
two different antigens in the same molecule. A proof-of-concept 
molecule of TanCAR simultaneously binds to CD19 and HER2/
neu. It induced distinct T cell reactivity against two target mole-
cules and produced synergistic enhancement of effector functions 
when both antigens were simultaneously encountered. 
Unfortunately, bispecifics face obstacles with manufacturing fea-
sibility and some limitations regarding pharmacokinetics and sta-
bility [39].

A study aiming at two different BCMA epitope CAR-T cells 
obtained an overall response rate (ORR) of 82% compared to the 
BCMA-CAR-T cell in multiple myeloma patients [21]. A second- 
generation bispecific CAR-T cell containing a fully human anti- 
BCMA and a humanized anti-CD38 was developed and passed 
through a phase I clinical trial achieving an ORR of 73%. 
 However, this synergistic binding had shown enhanced cytotoxic-
ity [14].

There are preclinical models of TanCAR targeting HER2 and 
IL13R⍺2 against glioblastoma. These CAR-T cells could be 
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relevant for small-cell and non-small cell lung cancer, colon can-
cer, and breast cancer. Cotargeting both HER2 and IL13R⍺2 
results in better tumor control, evidenced by smaller tumor vol-
umes, increased time to tumor progression, and a better ability to 
eliminate established tumors [8].

Single domain antibodies (nanobodies) are camelid-derived 
fragments presenting only variable regions of the heavy chain, 
pursuing the antigen recognition portions. They are suitable in 
CAR-T cells and have been used in preclinical trials. Xie et al. 
[20] generated CAR-T cells using a VHH that recognizes EIIIB, a 
splice variant of fibronectin strongly expressed in both the tumor 
extracellular matrix and the neovasculature in the tumor microen-
vironment. Targeting the tumor neovasculature and stroma with 
EIIIB-targeted CAR-T cells may not only compromise the tumor’s 
blood supply, but it might also be a means for improving tumor 
accessibility for small-molecule drugs and other therapies that 
can be used in combination with the CAR-T cells, even if only 
transiently. A study with VHH-directed-BCMA CAR-T demon-
strated safety and efficacy in multiple myeloma patients with no 
toxicity response presented [7]. An anti-CD47-CAR-T cell 
showed engagement of the innate immune system, which 
improved the antitumor effect.Treatment with an anti-CD47 
VHH-secreting CAR-T cell enhanced survival over treatment 
with systemically delivered anti-CD47 VHH along with a CAR-T 
cell. Localized secretion of VHHs and VHH-Fc fusions by CAR-T 
cells results in an improved safety profile compared with systemic 
administration of these antibody derivatives and can contribute to 
enhanced persistence of CAR-T cells [19].

8.7  Future Perspectives

Despite the remaining hurdles, especially related to safety issues, 
several creative and exciting strategies have been proposed to 
overcome toxicity adverse events and provide CAR cells with 
improved therapeutic efficacy and enhanced applicability. CAR- 
based cell therapy is one of the most cutting-edge achievements in 
cancer therapy, having great potential to contribute on many other 
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fronts. Virtually all molecular engineering approaches that 
emerged throughout the still brief and recent history of the differ-
ent generations of CAR cells illustrate the level of technological 
inventiveness linked to the field and what is to come.

8.7.1  Switchable CAR Cells

Several approaches address either activity or toxicity challenges 
by precisely controlling CAR cell activation, inhibition, and self- 
destruction ideally at any time, location, and in a reversible man-
ner. This rather diverse modality of constructions takes advantage 
of sequential and specific molecular interactions that occur 
depending either on the administration of an exogenous inducing 
agent or upon an endogenous molecule, which might be restricted 
to some tissue or expressed only after a prior signaling event.

Examples of these strategies are the inducible suicide genes, 
such as HSV-tk [78] and modified caspase 9 (iCasp9), which are 
used as safety switches to stop unacceptable toxicity by eliminat-
ing CAR-T cells [79], and the on-switch CARs, which have 
receptors that fully assemble or activate only in the presence of a 
small priming molecule that must be administered to the patient 
[80].

Combining different signaling events by engineering the adop-
tive cell with multiple receptors has also modulated CAR cell 
activity. Inspired by Boolean logic gates, the result of the signal-
ing interaction transduced by both receptors will depend on their 
design. For example, dual antigen AND-gate CAR-T cells are 
logic-gated CAR-T cells to overcome the common lack of an 
 antigen exclusively expressed on tumor cells, thereby attenuating 
“on-target off-tumor” toxicity. Dual AND-gate CAR-T cells are 
so called because they recognize two different antigens. Their 
activation depends on the synergy of the two signals transduced 
by both receptors, preserving healthy cells that express only one 
of the two antigens [83]. In the case of NOT-gate CAR-T cells, 
one of the co-expressed CARs recognizes an antigen expressed 
exclusively in normal cells. It has an inhibitory signaling domain 
derived from immune-checkpoint proteins [82]. These logic 
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circuits are also explored with the so-called synthetic Notch (syn-
Notch) receptors, which, after recognizing a first antigen, releases 
a transcriptional regulator that may be involved in the expression 
of either a CAR that targets a second antigen in an AND-gate 
manner, for example, or another effector molecule such as a cyto-
kine [81].

8.7.2  CAR Cells in Solid Tumors

In addition to the difficulty of finding exclusive tumor antigens, 
the heterogeneity of solid tumor cell subpopulations and antigen 
escape tends to lead to refractory and relapsing neoplastic cells 
that do not express the target and, therefore, are prone to restart 
the tumor. Furthermore, limited penetrability and immunosup-
pressive microenvironment are also crucial challenges yet to be 
overcome so that CAR-T cell therapy becomes safe and efficient 
for treating solid tumors.

Many of the mentioned switchable, combinatorial multi- 
antigen and logic-gated signaling strategies have been explored to 
improve CAR-T cell performance in the context of solid malig-
nancies. A CAR-T cell that is fully activated only after the engage-
ment of a SynNotch receptor specific to a local TME (tumor 
microenvironment) antigen is one among several examples. 
Another interesting approach is focused on converting inhibitory 
signaling mediated by immunosuppressive checkpoint proteins 
present on TME into co-stimulatory signals. A fusion receptor 
made of the extracellular PD-1 domain and CD28-transmembrane 
and intracellular domains demonstrated enhanced activity in the 
presence of PDL1 in the xenograft model [84].

8.7.3  CAR-NK Cells

To overcome some of the intrinsic limitations of CAR-T cells, 
another promising strategy developed is based on NK cells that 
express CARs. As well as not inducing CRS, due to a less pro- 
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inflammatory cytokine production profile, NK cells have a much 
restricted circulating life-span, which is also related to less off- 
tumor toxicity than CAR-T cells. Furthermore, NK cells can 
recognize a variety of ligands to naturally chase malignant and 
infected cells, being rather heterogeneous in the TME of solid 
malignancies, which can further enhance CAR cells’ perfor-
mance [85].

Since non-MHC-specific receptors mediate NK cell activation, 
HLA serotype matching is not a requirement, thus allowing allo-
geneic NK cell application [85]. This opens the door to the devel-
opment of off-the-shelf products, which could make cell therapy 
much more accessible, less expensive, and readily available to 
debilitated patients in need of urgent care.
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Intrathecal Chemotherapy

Breno Magalhães Gomes

9.1  Introduction

Improvements in the treatment of leukemia and solid malignant 
tumors had a positive impact on overall disease-free survival with 
the results of new studies. However, there is currently an increase 
in the incidence of diseases with recurrence in the leptomeninges. 
This condition was first reported in childhood with acute lympho-
blastic leukemia [1] and consequently has been observed in a vari-
ety of nonhematological malignancies, most common in solid 
tumors with lung cancer, breast cancer, ovarian cancer, melanoma, 
and gastrointestinal cancer [2]. The understanding of the central 
nervous system (CNS) as a unique site, where blood tissue is 
extremely filtered, protected from the effects of systemic admin-
istration of chemotherapy has resulted in the development of ther-
apeutic strategies specifically directed to leptomeninges, including 
cranial or craniospinal irradiation, high-dose systemic chemother-
apy, and intrathecal chemotherapy [3].

These therapeutic protocols, alone or in combination, have 
been reflected in successful outcomes in the prevention and treat-
ment of CNS leukemia [4]. However, effective treatment options 
for patients with neoplastic spread of solid tumors or for patients 
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with recurrent CNS leukemia are very limited or nonexistent in 
part due to the small number of chemotherapeutic agents  available 
for safe intrathecal administration. It is evident that new intrathe-
cal drugs and intrathecal drug combinations must be developed 
for patients in these poor prognostic groups [5].

Intrathecal chemotherapy is a form of cancer treatment in 
which a healthcare professional injects chemotherapy drugs into 
the cerebrospinal fluid. This colorless fluid surrounds the brain 
and spinal cord, which form the central nervous system (CNS), to 
protect them from injuries. A doctor might recommend intrathecal 
chemotherapy if cancer affects the CNS [6].

During intrathecal chemotherapy, a healthcare professional 
will administer the chemotherapy drugs into the fluid around the 
spinal cord during a lumbar puncture or spinal tap. The person 
will usually receive a local anesthetic before the healthcare pro-
fessional inserts a needle into the spinal area [3, 7].

In the intrathecal route, the drug is administered in the fluid 
around the spinal cord, and in the epidural route, the drug is 
administered in the space around the spinal cord; therefore, 
because they are different routes, each item is displaced at a dif-
ferent point [3].

One measure of CNS exposure to administered chemotherapy 
would be the ratio of steady-state concentration or the area under 
the concentration–time curve in cerebrospinal fluid (CSF) com-
pared to plasma. The CSF exposure of most commonly used anti-
cancer agents is less than 10% of the plasma exposure [8].

The reason for using this therapeutic strategy is that a protec-
tive layer called the blood–brain barrier surrounds the CNS. This 
barrier allows nutrients and oxygen to enter the brain, preventing 
the entry of toxins and harmful substances. The blood–brain bar-
rier also blocks the passage of oral or intravenous cancer drugs, 
making them much less effective [9].

So the goal of intrathecal chemotherapy is to maximize CNS 
drug exposure in the CSF while reducing or eliminating systemic 
drug toxicity. Intrathecal administration of anticancer agents via 
the intralumbar route or the intraventricular route is successful 
with the fact that the CSF volume of distribution is much smaller 
than that of plasma (140 vs. 3500 ml); however, a drug with a high 
concentration can be reached in the CSF using a lower dose [10, 

B. M. Gomes



317

11]. In fact, the terminal half-life of most drugs is longer in CSF 
than in plasma. This prolonged exposure to the drug in the CSF is 
quite important for specific cell cycle agents, such as some cyto-
static agents including methotrexate and cytarabine [12]. Even 
with the pharmacological advantages of using intrathecal chemo-
therapy, there are some disadvantages; for example, intralumbar 
drug administration can be associated with inconvenience and 
pain, radioisotope studies have shown that in up to 10% of lumbar 
punctures, drug use can be inadvertently administered in the epi-
dural or subdural space, rather than the intended subarachnoid 
space, and drug distribution within the neuraxis after intralumbar 
infusion may not be homogeneous as it varies with CSF bulk flow 
and patient position and following intrathecal drug administra-
tion, penetration into tissue is minimal, thereby limiting potential 
efficacy in patients who have bulky leptomeningeal or parenchy-
mal tumors [13, 14].

The manifestations of neoplastic meningitis vary according to 
each individual, which prevents recommendations for a single 
treatment approach; that is, there is no way to standardize this 
type of treatment. Essential factors to consider when taking a spe-
cific treatment recommended for an individual patient include the 
histology of the underlying primary malignancy, the patient’s age, 
previous history of targeted CNS therapy, the extent of the lepto-
meningeal, and the underlying systemic disease and the dynamics 
of the LCR flow [15].

The American Cancer Society notes that healthcare profes-
sionals may also administer the chemotherapy drugs through a 
long-term catheter and port that sits under the skin on the head. 
The port is called an Ommaya reservoir [16].

The Ommaya reservoir has a small tube attached that enters the 
CSF through a cavity in the brain. A healthcare professional will 
remove the port once the person has completed their treatment [17].

9.2  Procedures

The preparation of the patient for the intrathecal chemotherapy 
procedure must be planned in advance, and the patient needs to be 
informed about all the risks. After the doubts are clarified, the 
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patient will need to give informed consent for the treatment to 
proceed. The keywords for this consultation would be lumbar 
puncture, chemotherapy treatment, what the treatment involves, 
the risks, and side effects of intrathecal chemotherapy [6, 18].

Intrathecal chemotherapy can be administered in three differ-
ent ways.

9.2.1  Lumbar Puncture

This procedure involves a doctor inserting a needle into the spinal 
canal and injecting the drug into the CSF between two vertebrae 
at the bottom of the spine.

Before a person has a lumbar puncture, they will have labora-
tory tests to make sure they have enough platelets for their blood 
to clot effectively afterward.

If platelet levels are sufficient, the person will either lie on their 
side (fetal position) or sit with their head and chest resting on a 
surface to expose their spine. A doctor or nurse will administer a 
local anesthetic to numb the area. The individual may feel some 
pressure, but the procedure is usually not painful [18–20].

The treatment takes about 20 minutes. The person will need to 
remain immobile for 1 hour or more to allow the drug to move 
through the CSF [7].

9.2.2  Ommaya Reservoir

A healthcare provider may recommend the placement of an 
Ommaya reservoir if a person needs multiple intrathecal chemo-
therapy treatments. This door will provide the healthcare team 
with safe, repeatable access to the LCR.

An Ommaya reservoir is a small plastic device that the surgeon 
places under the scalp. It connects to a catheter tube that allows 
the drug to reach an open area in the brain where there is CSF.

When a doctor injects a chemotherapy drug into the reservoir, 
it moves into the CSF without the doctor having to administer a 
lumbar puncture each time. It also allows the doctor to take CSF 
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samples from the person to monitor how well the treatment is 
going. Furthermore, since CSF flow proceeds in a ventricular- 
lumbar direction, distribution throughout the neuraxis may be 
more uniform than after intralumbar administration. The disad-
vantage of an intraventricular device is that placement requires a 
neurosurgical procedure. With catheter placement, there is also 
the potential risk of infection or obstruction of the catheter. Thus, 
the use of intraventricular catheters is generally reserved for 
patients with recurrent CNS leukemia or for the treatment of neo-
plastic meningitis due to solid tumors [17].

9.2.3  Intralumbar Catheter

Another method of intrathecal drug administration involves the 
use of an intralumbar catheter connected to a reservoir with 
implanted access to a subcutaneous device. The prosaic advantage 
of subcutaneously implanted lumbar catheters is that, like 
Ommaya reservoirs, drug delivery to the CSF is guaranteed, but it 
also shares the same disadvantages as the risk of infections. But 
there is still not enough experience in cancer patients, either with 
regard to the feasibility of maintaining long-term catheter patency 
or in relation to the potential long-term complications of these 
devices. Thus, the use of such devices is generally limited to 
patients with overt neoplastic meningitis who, for a variety of rea-
sons, may refuse the placement of an Ommaya reservoir or an 
intralumbar catheter, even though the patient prefers additional 
therapy without the associated pain and the inconvenience of 
repeated sessions with lumbar perforations [21].

9.3  Dosage

According to Bleyer’s studies that were instrumental in demon-
strating the dose for intrathecal administration, medications 
should be based on the patient’s age and not on body size or sur-
face area. In pediatrics, children and adolescents grow, increasing 
much faster in CSF volume than in body surface area (BSA) [14].
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An interesting result would be that at age three the adult and 
child CSF volumes are equivalent. Because there is no correlation 
between CSF volume and BSA, there is no consistent relationship 
between drug dose and CSF concentration if the dose is based on 
BSA. In contrast, age-based dosing provides more uniform CSF 
drug concentrations. After implementing age-based intrathecal 
methotrexate dosing for methotrexate, neurotoxicity in adults and 
adolescents decreased, as did CNS relapse rates for younger chil-
dren and infants with leukemia. Age-based dosing regimens for 
chemotherapeutic agents are often used [6, 14].

Patient position may affect drug exposure following intrathecal 
delivery. Pharmacokinetic studies in nonhuman primates kept in a 
flat or upright position for one hour following intralumbar metho-
trexate administration showed that the distribution of the drug was 
better in animals that were consistently maintained in the flat ver-
sus the upright position [22]. There was also less variability in the 
ventricular methotrexate concentrations in animals maintained in 
the prone position. In addition, peak ventricular methotrexate 
drug concentrations and drug exposure were consistently higher 
in animals that were kept prone. Therefore, it appears that unifor-
mity of CSF drug distribution can be improved by maintaining 
patients in a prone position for at least 1 h after intralumbar drug 
administration [18].

A variety of circumstances can affect CSF drug release. As an 
example, delayed release of intrathecal methotrexate has been 
documented in conditions that interfere with CSF flow; another 
example is the presence of neoplastic meningitis, segregated from 
the CSF from CSF flow or communicating hydrocephalus [2]. 
When there is a delay in drug clearance, it can lead to increased 
neurotoxicity, so it is essential to recognize conditions that may 
impede drug elimination [22]. Studies have shown that CSF flow 
in patients with leptomeningeal spread of solid tumors may reflect 
marked changes in flow dynamics without evidence of obstruc-
tion or other flow abnormality on computed tomography or mag-
netic resonance imaging. Therefore, radionuclide flux in CSF 
studies (e.g., 111In-DTPA) should be strongly considered before 
starting intrathecal therapy in all patients with neoplastic menin-
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gitis due to a solid tumor picture, as well as when clinically indi-
cated in patients with leukemia of the CNS [23]. If there is 
evidence of obstruction of the CSF flow, an attempt to alleviate 
the obstruction with local radiation recommended prior to initiat-
ing intrathecal drug therapy should be considered as an alternative 
[24].

The presence of a ventriculoperitoneal (VP) or ventriculoatrial 
(VA) shunt may also create difficulty in the use of intrathecal che-
motherapy. In contrast to patients who are at increased risk of 
toxicity from delayed drug clearance, patients with functioning 
VP or VA shunts may be at risk of inadequate drug exposure if the 
drug is rapidly cleared from the CSF space by the shunt (in 
essence, defeating the attempt at regional therapy). The use of an 
on–off valve in the shunt may circumvent this problem. However, 
caution must be utilized in assessing a patient’s tolerance to hav-
ing the shunt closed for an extended period of time. In addition, 
the optimal duration for shunt closure after intrathecal dosing is 
not known [25].

9.4  Standard Cytostatic Agents 
for Intrathecal Administration

There are few effective chemotherapeutic agents that are cur-
rently available for intrathecal delivery. Methotrexate and cytara-
bine, administered either alone or in combination with 
hydrocortisone or dexamethasone, are extensively utilized for the 
treatment and prevention of leptomeningeal leukemia or lym-
phoma. However, the role of these agents in the treatment of 
solid tumors is limited because they have a restricted spectrum of 
antitumor activity [26–27].

The use of these glucocorticoids maintains the stability of the 
combined drugs, even if, according to stability studies, it is rec-
ommended for immediate use after preparation. The safe order of 
homogenization would be to intersperse the two cytostatics with 
the available glucocorticoid in order to avoid incompatibility. This 
concomitant use has two objectives: increasing the effectiveness 
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of IT therapy and reducing the incidence of meningeal irritation. 
In some services, drugs are delivered separately and homogenized 
at the time of administration. Thus, there is a risk of exposure to 
cytostatic by professionals involved in the administration [28, 29].

9.5  Methotrexate

Intralumbar methotrexate, either as a single agent or in combina-
tion with cytarabine and hydrocortisone or dexamethasone, is the 
most commonly used drug for the prevention and treatment of 
CNS leukemia. As outlined above, improvements in both the effi-
cacy and toxicity profiles of this agent are a direct result of age- 
based dosing. Elimination of methotrexate from the CSF is 
biphasic with terminal half-lives of 4.5 and 14 h. Clearance is pri-
marily by bulk CSF resorption, although a nonspecific transport 
system has also been identified. Mean methotrexate levels in the 
lumbar CSF exceed 10 mM at 6 h and are approximately 0.1 mM 
at 48 h [14]. Ventricular CSF methotrexate concentrations after an 
intralumbar dose can be quite variable and are approximately only 
10% of the simultaneous lumbar CSF levels. Administration of 
methotrexate via the intraventricular route, rather than the intra-
lumbar route, should be considered for patients who have refrac-
tory or recurrent CNS leukemia. As previously discussed, direct 
intraventricular administration of methotrexate provides higher 
and more consistent ventricular CSF methotrexate concentrations 
than intralumbar dosing, although interpatient variability still 
occurs [30]. Ventricular access devices such as Ommaya reser-
voirs permit greater flexibility in dosing schedules. These devices 
facilitate drug administration using the “concentration times 
time” (C × T) approach, which involves the administration of fre-
quent small doses of methotrexate and/or cytarabine. “C  ×  T” 
therapy results in increased duration of CSF exposure to cytotoxic 
drug concentrations while avoiding excessively high peak con-
centrations and results in the delivery of a lower total cumulative 
methotrexate dose over time. Since methotrexate-associated neu-
rotoxicity has been correlated with both high concentrations and 
total dose, the “C × T” approach provides a means of simultane-
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ously increasing potential efficacy and decreasing toxicity [17]. 
Moser et  al. recently reported that “C ×  T” methotrexate alter-
nated with “C  ×  T” cytarabine provided a sustained complete 
response (median duration 15 month) in 14 of 15 patients with 
recurrent CSF leukemia or lymphoma [31].

Systemic toxicity is usually minimal after intralumbar metho-
trexate because plasma exposure is approximately 100-fold less 
than CSF exposure. However, systemic exposure after intrathecal 
methotrexate is prolonged relative to an equivalent intravenous 
dose, with plasma levels of methotrexate above 0.01  mM for 
twice as long after the intrathecal dose compared with the intra-
venous dose. Potential neurotoxicities after intrathecal metho-
trexate are generally categorized as acute, subacute, or late. 
Acute toxicity, i.e., toxicity that occurs within days of drug 
administration, is the most commonly observed toxicity after 
intrathecal methotrexate. Acute toxicity presents as a chemical 
arachnoiditis, with symptoms of headache, nuchal rigidity, back 
pain, vomiting, fever, and CSF pleocytosis. Subacute toxicities 
may occur within days to weeks of intrathecal methotrexate 
administration. Rarely, patients develop reversible or irreversible 
paraplegia, myelopathy, or encephalopathy characterized by limb 
weakness, ataxia, cranial nerve palsies, visual impairment, sei-
zures, or coma. Late (chronic) neurotoxicity, or leukoencepha-
lopathy, may occur months to years after treatment and is most 
common after combined modality therapy with craniospinal irra-
diation and intrathecal methotrexate [30, 32]. The pathophysiol-
ogy of methotrexate-induced neurotoxicity is an ongoing focus 
of clinical and laboratory research. Predominant theories, based 
on methotrexate- induced alterations in folate metabolic path-
ways, include adenosine accumulation in the CNS; perturbations 
of biopterin recycling with resultant impairment in dopamine and 
serotonin synthesis; and CNS homocysteine accumulation with 
the production of sulfur-containing excitatory amino acids. 
Elucidation of the etiology of the specific mechanism(s) of 
methotrexate- induced neurotoxicity will facilitate the develop-
ment of preventative measures or antidotes. Preliminary studies 
of aminophylline as an antidote for adenosine-mediated toxicity 
have met with encouraging results [33].
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Acute life-threatening neurotoxicity may occur after an inad-
vertent methotrexate overdose. Treatment for such a catastrophic 
event may include immediate CSF drainage, ventriculolumbar 
perfusion, systemic leucovorin administration, and systemic 
administration of steroids, although these measures are often inef-
fective. A more specific antidote is carboxypeptidase-G2, an 
enzyme that hydrolyzes methotrexate to an inactive metabolite. In 
nonhuman primate studies, administration of carboxypeptidase-
 G2 resulted in a more than a 400-fold decrease in CSF methotrex-
ate concentrations within 5  min of carboxypeptidase 
administration. Carboxypeptidase-G2 is available to all pediatric 
cooperative group institutions in the United States and should be 
used in the acute management of this medical emergency. The 
potential benefit of this agent is greatest if administered immedi-
ately after recognition of the overdose. Therefore, it is recom-
mended that the institutional hospital or clinic pharmacy have 
carboxypeptidase-G2 available if needed for immediate use [31].

9.6  Cytarabine

The antimetabolite cytarabine (Ara-C, cytosine arabinoside) is the 
second most commonly used agent for intrathecal administration. 
Cytarabine is primarily utilized in the treatment of CNS leuke-
mias and lymphomas. A prospective randomized study with intra-
thecal methotrexate versus intrathecal methotrexate plus 
cytarabine demonstrated that the addition of cytarabine did not 
appear to improve results [34]. As with methotrexate, optimal 
dosing is based on age rather than body surface area. Elimination 
of cytarabine from CSF is biphasic with half-lives of 1 and 3.4 h. 
Peak CSF concentrations exceed 2 mM following a 30-mg intra-
ventricular dose and remain above 1 mM for greater than 24 h. 
Plasma concentrations of cytarabine after an intraventricular dose 
are not detectable, minimizing the potential for systemic toxicity 
[35]. Unlike systemically administered cytarabine, which is rap-
idly converted to the inactive metabolite, ara-U, by cytidine deam-
inase, there is negligible conversion to ara-U after intrathecal 
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dosing because there are extremely low levels of cytidine deami-
nase in the brain and CSF. As a result, the half-life of cytarabine 
is prolonged in CSF versus plasma, and clearance is similar to 
bulk CSF flow at a rate of 0.42 ml/min. As with methotrexate, an 
intraventricular access device facilitates cytarabine administration 
using the “C × T” approach. In a pharmacokinetic simulation of 
intrathecal cytarabine (30 mg) given daily for three days, cyto-
toxic concentrations are maintained for 72 h, compared to approx-
imately 24 h after a single intraventricular 70-mg dose [31].

The most common toxicity associated with intrathecal cytara-
bine, like methotrexate, is a chemical arachnoiditis. Other 
observed, but less common, toxicities include seizures, transient 
paraplegia, peripheral neuropathy, myelopathy, and encephalopa-
thy [35].

9.7  DepoCyt® (DTC101)

A liposomal formulation DTC101 is a sustained release formula-
tion of cytarabine for intrathecal administration that has received 
US Food and Drug Administration approval for the treatment of 
lymphomatous meningitis in adult patients [36]. Because cytara-
bine is a cell-cycle specific agent, prolonged exposure to cyto-
toxic concentrations provides a pharmacokinetic advantage. After 
a single intrathecal DTC101 dose, the terminal half-life of free 
cytarabine was increased more than 40-fold versus conventional 
cytarabine, from 3.4 to 141 h. Drug distribution throughout the 
neuraxis is also improved with DTC101. Following a single intra-
ventricular injection, lumbar drug concentrations were equal to 
those in the ventricle within 6 h of injection. Furthermore, cyto-
toxic concentrations in the lumbar CSF were maintained for an 
average of nine days. Randomized multicenter trials of intrathecal 
DepoCyt versus methotrexate have been reported for adults with 
lymphomatous meningitis and neoplastic meningitis due to an 
underlying solid tumor. In patients with lymphomatous meningi-
tis, 7/17 (41%) patients treated with intrathecal DTC101 had a 
complete response (negative CSF cytology and no symptomatic 
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worsening) compared with 1/16 (6%) patients treated with intra-
thecal cytarabine (P = 0.04). There was also a trend to improve-
ment in time to neurologic progression (median 78.5 vs. 42 days) 
and median survival (99.5 vs. 63 days) for patients treated with 
DTC101. In adults with neoplastic meningitis due to solid tumors, 
the response rates in both arms were similar (26 vs. 20%). 
However, there appeared to be a trend toward increased time to 
neurologic progression in the DepoCyt treated group. Thus, the 
less demanding dose schedule of intrathecal DepoCyt, coupled 
with its similar toxicity profile and comparable or improved 
response rates, suggests that further studies should be performed 
to delineate the role of DTC101 in the treatment and prevention of 
neoplastic meningitis [13].

The toxicity profile of DTC101, when given with concomitant 
oral dexamethasone, is similar to that of unencapsulated cytara-
bine. Acute toxicities include fever, headache, back pain, nausea, 
and encephalopathy. It is too early to determine whether there is 
any delayed or chronic neurotoxicity associated with intrathecal 
DTC101 [37].

9.8  Thiotepa

Thiotepa, a lipid-soluble alkylating agent, is occasionally admin-
istered by the intrathecal route. Unlike methotrexate and cytara-
bine, there is not a significant pharmacological advantage for 
intrathecal versus systemic thiotepa. After systemic administra-
tion, both thiotepa and its active metabolite, TEPA, readily cross 
the blood–brain barrier, and CSF and plasma drug exposures are 
nearly identical. Since the CSF elimination of TEPA is slower 
than that of thiotepa, there is greater total exposure to 
TEPA.  However, following intrathecal administration, thiotepa 
CSF clearance is nine times the rate of CSF bulk flow. The rapid 
diffusion of thiotepa out of the CSF limits drug distribution 
throughout the neuraxis. In addition, TEPA is not detectable in the 
CSF after intrathecal drug administration. Thus, overall CSF 
exposure to active species may be lower after intrathecal versus 
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intravenous administration. A randomized prospective compari-
son of intraventricular methotrexate and thiotepa revealed that the 
efficacy and overall toxicity of these agents in the treatment of 
neoplastic meningitis were similar. The median survival for both 
treatment arms was short, 15.9 weeks for the methotrexate group 
and 14.1 weeks for thiotepa. Thus, there is little compelling evi-
dence for the use of intrathecal thiotepa [23].

9.9  Topotecan

Topotecan is a water-soluble semisynthetic camptothecin analog 
that exerts its cytotoxic effect via inhibition of the enzyme topoi-
somerase I. Preclinical studies demonstrated that this agent has 
antitumor activity against both leukemias and solid tumors. 
Clinical studies of intravenous topotecan in humans have demon-
strated objective clinical antitumor activity leading to US Food 
and Drug Administration approval for the treatment of non-small 
cell lung cancer and ovarian carcinoma. This antitumor activity 
coupled with the drug’s novel mechanism of action, lack of neu-
rotoxicity after intravenous administration, and results of preclin-
ical studies demonstrating that there was a high degree of 
penetration into the CSF led to preclinical studies to evaluate the 
safety and feasibility of intrathecal topotecan administration. 
Following administration of a 0.1-mg intraventricular dose in the 
nonhuman primate, the ventricular CSF drug exposure was 450-
fold greater than that following intravenous administration of a 
40-fold higher dose (10 mg/m2). In addition, peak lumbar levels 
approached 1  mM.  The marked pharmacokinetic advantage of 
intrathecal versus systemic drug administration and the lack of 
observed toxicity following chronic dosing studies in the nonhu-
man primate model led to the development of a phase I trial of 
intrathecal topotecan for patients with neoplastic meningitis. 
Results to date demonstrate that intrathecal topotecan is well- 
tolerated. A phase II study of intrathecal topotecan in children 
with CNS leukemia or  neoplastic meningitis due to solid tumors 
was recently initiated by the Children’s Oncology Group [38].
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9.10  Mafosfamide

Mafosfamide and 4-hydroperoxycyclophosphamide are cyclo-
phosphamide derivatives that do not require hepatic microsomal 
activation for antineoplastic activity. Preclinical pharmacokinetic 
studies in the nonhuman primate model demonstrated that follow-
ing intrathecal administration, ventricular CSF concentrations in 
excess of in vitro cytotoxic targets could be attained at doses not 
associated with systemic or neurologic toxicity. Clinical trials of 
intrathecal mafosfamide are now underway. Following an intra-
ventricular dose of 5 mg, CSF levels in excess of target cytocidal 
levels could be achieved, but the lumbar CSF levels did not con-
sistently exceed the target level even at the 5.0-mg dose level. 
With higher doses, headache became dose limiting following 
bolus administration. Therefore, mafosfamide is currently being 
administered as a 20-min intrathecal infusion after premedication 
with dexamethasone and a narcotic analgesic. Using a similar 
approach, they routinely administer mafosfamide doses of 20 mg 
in children with disseminated brain tumors [39].

9.11  Busulfan

Busulfan is a cell-cycle nonspecific alkylating agent primarily 
utilized in the treatment of chronic leukemias and in preparative 
regimens for bone marrow transplantation. Despite the wide 
spectrum of preclinical antitumor activity, routine clinical use of 
busulfan is limited because it causes profound and cumulative 
myelosuppression and may also produce pulmonary fibrosis. In 
an attempt to circumvent the toxicities associated with systemic 
drug delivery, preclinical studies to evaluate the feasibility of 
intrathecal administration of a microcrystalline busulfan formu-
lation to nude rats with neoplastic meningitis were performed. 
These studies by Friedman et  al. demonstrated that there was 
 antitumor activity following intrathecal busulfan administration; 
however, there was also a narrow therapeutic dose range for tox-
icity [40].
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9.12  Vincristine

Vincristine belongs to a group of drugs known as the vinca alka-
loids. These drugs block cell growth by stopping mitosis by inter-
fering with microtubule polymerization. The FDA-approved 
indications of vincristine are acute lymphocytic leukemia, lym-
phoid blast crisis of chronic myeloid leukemia, and Hodgkin and 
non-Hodgkin lymphoma. Vincristine also has several off-label 
uses that include central nervous system (CNS) tumors, Ewing 
sarcoma, gestational trophoblastic tumors, multiple myeloma, 
ovarian cancer, primary CNS lymphoma, small cell lung cancer, 
and advanced thymoma in adult patients. But when intrathecal 
administration occurs, potential neurotoxicities may cause coma, 
motor dysfunction, paralysis, neuralgia, peripheral neuropathy, 
sensory disturbances, dizziness, muscle impairment, and 
decreased tendon reflex. Its use via intralumbar is not recom-
mended [22, 41, 42].

9.13  Monoclonal Antibodies: Rituximab 
and Trastuzumab

There has been recent research into the administration of two 
monoclonal antibodies; this represents an innovative targeted 
therapy for the treatment of leptomeningeal carcinomatosis: 
trastuzumab for HER2 positive breast cancer and rituximab for 
the treatment of B-cell lymphoma. Trastuzumab is highly effec-
tive in the treatment of breast cancer with HER2 overexpression; 
however, despite its efficacy, patients treated with trastuzumab 
and chemotherapy will experience an incidence of CNS metasta-
sis ranging from 28% to 42%. The concentration of trastuzumab 
in the CSF after intravenous administration was 300 or 400 times 
lower than its concentration in plasma; therefore, in order to 
achieve therapeutic concentrations of trastuzumab in the CSF, it 
has been considered to use IT administration. This drug has been 
used in a series of cases, alone or in combination with intrathecal 
methotrexate or thiotepa, at doses between 12.5 and 25  mg 
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administered with a frequency ranging from 3 days to 3 weeks. 
The most typical regimen used was 20–25 mg once a week, and 
all dosing regimens were well tolerated. With these regimens, 
there have been responses at the CSF level and even an increase 
in survival without toxic effects [43]. Rituximab is an anti-CD20 
antibody; over 90% of B-cell non-Hodgkin lymphomas (NHLs) 
and primary CNS lymphomas express the CD20 marker, but 
healthy brain tissue does not express it. Like trastuzumab, ritux-
imab has a low penetration in the CSF; its concentration in CSF 
after systemic administration represents 0.1% of concentrations 
in blood serum. The doses used for rituximab were 10 mg, 25 mg, 
and 50  mg, and toxic effects appeared with the 50-mg dosing 
(hypertension, nausea, vomiting, and double vision). The median 
survival was 21  weeks, six patients experienced meningeal 
response, and two of the three patients with intraocular disease 
experienced a local response. The combination of liposomal 
cytarabine with IT rituximab was tested by Chamberlain and col-
leagues in 14 patients with lymphoma and relapsing neoplastic 
meningitis. Each patient was administered an induction regimen 
including 25  mg of IT rituximab twice a week and liposomal 
cytarabine every 14 days, during 4 weeks. A maintenance stage 
was then conducted, including 50  mg of liposomal cytarabine 
and two doses of rituximab 25  mg administered in the same 
week, every 4 weeks, until disease progression. After the induc-
tion regimen, 10 patients experienced partial neurological 
response and received maintenance therapy. The probability of 
survival at 6 months was 29%, and toxic effects were moderate 
and expected, probably due to liposomal cytarabine. There is a 
lack of information about the way in which monoclonal antibod-
ies should be prepared and administered for intrathecal adminis-
tration; logically, the requirements for preparation for intrathecal 
use must be considered, always in a sterile and apyrogenic set-
ting, and using dissolvents preservatives-free. In the case of 
trastuzumab, only one of the publications explained how it had 
been prepared: the usual reconstitution process (150 mg in 7.2 ml 
water for injection; pH  6), and administration of the adequate 
volume (20  mg in 0.95  mL), without additional dilution. For 
rituximab, one of the studies specified that it had been prepared 
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by diluting rituximab with 0.9% sodium chloride solution on a 
1:1 ratio for 10 and 25 mg doses, and without dilution for 50-mg 
doses, and administered over 1–5 minutes. It has not been estab-
lished if intraventricular or intralumbar administration has any 
influence on the results [44].

9.14  Albumin-Bound Paclitaxel

Research has been conducted in the treatment of meningeal 
metastasis of lung cancer. But these studies are still very recent. 
The intrathecal injection chemotherapy can improve the clinical 
symptoms of patients, and the treatment is safe and effective. The 
patients with meningeal metastasis of lung cancer with combined 
EGFRTKI therapy, combined EGFR-TKI therapy, and a KPS 
score of ≥70 had a longer survival time. There are still no conclu-
sive results [45].

9.15  Considerations

There is a wide variability in practice when using IT chemother-
apy, despite being an effective therapy, accepted by all interna-
tional groups, particularly for the treatment of acute leukemia and 
non-Hodgkin lymphomas. This variability and uncertainty are not 
limited to the drugs and doses administered, but it also includes 
the way of preparation and the administration technique. The 
treatment and prevention of neoplastic meningitis remain a sig-
nificant challenge for clinical oncologists. We must continue our 
ongoing research efforts to identify new agents and treatment 
strategies to improve the quality of life and event-free survival of 
patients with this devastating disease. Even the use of good prac-
tices is still not enough to prevent failures or errors in the admin-
istration of chemotherapy from occurring. It is necessary to create 
a safety culture aimed at sharing responsibility and implementing 
institutional policies and standards in order to improve safety, cre-
ated from a multidisciplinary team with interdisciplinary charac-
teristics.
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10.1  Hypersensitivity Reaction

Hypersensitivity reactions can be induced by many drugs, includ-
ing most chemotherapy drugs under clinical use. These reactions 
to chemotherapy drugs are generally characterized as being a type 
I hypersensitivity reaction; however, many appear not to be medi-
ated by immunoglobulin E (IgE) [1].

Manifestations are generally associated with type I hypersen-
sitivity reactions, such as urticaria, pruritus, abdominal cramps, 
dyspnea, and agitation; some cases may progress to laryngeal 
spasm, bronchospasm, and complete anaphylaxis [2]. The clas-
sic cancer drugs most likely to trigger hypersensitivity reactions 
are platinum derivatives (oxaliplatin and carboplatin) and tax-
anes (paclitaxel and docetaxel). The reported incidence of 
hypersensitivity of any degree of reactions to platinum deriva-
tives is approximately 12–19%; for paclitaxel and docetaxel, the 
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reported incidences are approximately 8–45% and 5–20%, 
respectively [3].

Immediate hypersensitivity reactions are common during 
monoclonal antibody (mAB) infusion and vary according to the 
infused agent, with occurrences reported for chimeric, human-
ized, and “totally human” mAbs [4]. Reactions include acute idio-
syncratic infusion reactions, cutaneous, anaphylactic, and serum 
sickness type. Urticaria, for instance, has been reported in up to 
15% of mAb infusions [5]. The rate of infusion reactions clini-
cally consistent with immediate hypersensitivity is 5–10% for 
rituximab, 2– 3% for infliximab, and 0.6–5% for trastuzumab. 
Reactions of HSRws have also been reported for omalizumab, 
natalizumab, basiliximab, abciximab, and cetuximab [6].

10.1.1  Treatment and Monitoring 
of Hypersensitivity Reactions

Pharmacological prophylaxis with antihistamines, corticoste-
roids, or both is generally recommended to reduce the frequency 
and severity of hypersensitivity reactions [3]. Patients should be 
monitored frequently during and immediately after all infusions, 
particularly when the risk of hypersensitivity reactions is greater, 
such as the first infusion of taxanes and monoclonal antibodies, or 
after multiple cycles of platinum-derived therapy. Vital signs 
should be checked before, during, and after infusions [7].

Prompt medical care and recognition are essential to reduce 
the risk of severe symptoms, as described in Tables 10.1 and 10.2. 
When an infusion reaction occurs, it should be stopped and sup-

Table 10.1 Main supportive drugs used as premedication for chemotherapy 
with potential for hypersensitivity reaction

Diphenhydramine 25–50 mg intravenously 30 minutes before 
infusion

Dexamethasone 10–20 mg orally or 
intravenously

30 minutes before 
infusion

H2-receptor 
antagonist
(ranitidine)

150–300 mg intravenously 30 minutes before 
infusion
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portive care administered until symptoms go away [7]. In most 
cases, mild and moderate reactions will resolve after a brief inter-
ruption of the infusion and drug administration can be resumed at 
a slower infusion rate, but in cases of severe reactions, temporary 
interruption of the drug is recommended [3].

The need to develop institutional protocols for the manage-
ment of hypersensitivity reactions in cancer patients is essential to 
ensure a quick and effective response [3].

10.2  Tumor Lysis Syndrome

Tumor lysis syndrome (TLS) is a metabolic oncological emer-
gency and is characterized by acute cell destruction, leading to the 
release of its cellular content into the extracellular space, impair-
ing homeostasis and causing a series of metabolic complications, 
such as hyperkalemia, hyperphosphatemia, hyperuricemia, hypo-
calcemia, and consequently, acute uric acid nephropathy, acute 
renal failure, and high mortality. Previous identification of patients 
at high risk for TLS can lead to prevention and prophylaxis strate-
gies, reducing the risk of clinical complications [8].

The development of TLS is independent of the patient’s gender 
and race. Related risk factors include tumor type and size, the type 
of chemotherapy used in the treatment and the stage of the chemo-
therapy cycle, and the patient’s previous health condition. 
Dehydrated, hypotensive patients, with previous nephropathies, 
oliguria, acidic urine, and lactic dehydrogenase levels above 
1500  IU are more likely to develop TLS [9]. Tumor lysis syn-
drome is more frequent in neoplasms with a high rate of cell pro-
liferation and good response to treatment, occurring mainly in 

Table 10.2 Main drugs for managing hypersensitivity reactions

Epinephrine 0.3–0.5 mg intramuscularly Repeat it every 15 minutes 
if necessary

Oxygen 8–10 L/minute If necessary
Salbutamol 2.5–5 mg in 3 mL of saline 

solution via nebulizer
or
2 or 3 puff

Cases of epinephrine- 
resistant bronchospasm
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hematological patients, more frequently in acute lymphoblastic 
leukemia and in aggressive non-Hodgkin lymphomas [10]. It is 
also observed in solid tumors, especially those with high rates of 
proliferation and response to cytotoxic therapy [11].

Tumor lysis syndrome may occur spontaneously, but it usually 
occurs 42–78  hours after the start of cytotoxic chemotherapy 
treatment, as a consequence of accelerated cell lysis and release of 
intracellular components into the bloodstream, including anions, 
cations, and products resulting from the metabolism of proteins 
and nucleic acids [12].

The clinical manifestations of TLS are diverse and nonspecific, 
including nausea, vomiting, diarrhea, anorexia, and lethargy. 
Acute kidney injury can lead to fluid overload and pulmonary 
edema; calcium and phosphate abnormalities can lead to muscle 
cramps or seizures; hyperkalemia or hyperphosphatemia, intensi-
fied by renal failure, can induce cardiac arrhythmia and sudden 
death. Even though up to one-third of patients with TLS may have 
acute kidney injury, cardiac or neurological manifestations remain 
rare [13].

10.2.1  Treatment and Monitoring of Tumor Lysis

Recognition of the patient’s risk factors, monitoring of high-risk 
patients, and prompt and appropriate intervention are essential 
factors to ensure prevention and adequate treatment of TLS [14]. 
Table 10.3 describes the supportive medications for the treatment 
of TLS and the respective indications. Three stages must be dis-
tinguished: prevention of TLS, prevention of clinical manifesta-
tions, and prevention of organ dysfunction, covering three main 
purposes: hydration, treatment of metabolic abnormalities, and 
renal replacement. The main purpose of preventive measures is to 
prevent the development of an acute kidney injury, which will 
increase the clinical manifestations of TLS [8].

Hydration allows increasing renal blood flow, glomerular fil-
tration rate, and total urine volume, decreasing the probability of 
precipitation of uric acid and calcium phosphate. It should start 2 
days before chemotherapy starts and continue for 2–3 days after 
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Table 10.3 Drugs used in the treatment of tumor lysis syndrome

Drugs
Mechanism of 
action Dosage

Hyperuricemia Allopurinol Xanthine oxidase 
inhibitor

Oral intake = 600–
900 mg (maximum:
500 mg/m2/dia) 
intravenous = 200–
400/m2/dia 
(maximum: 
600 mg/day
Dose adjustment 
for renal failure

Rasburicase Recombinant 
protein acting on 
the oxidation of 
enzymatic 
catalysis of uric 
acid to allantoin. 
Inactive and 
more soluble

Adult: 0.2 mg/kg/
day for 5 days. 
Children: 
0.15–0.2 mg/kg/dia 
intravenous
Renal adjustment 
not required

Hypocalcaemia Calcium Calcium 
supplementation

Adult: 500–
2000 mg orally or 
3 g intravenously/
day
Children: 
200–2000 mg 
orally or 100 mg/kg 
intravenously/day

Hypercalcemia Calcium 
polystyrene 
sulfonate

Exchange of 
potassium for 
calcium

30–60 g at intervals 
of 4–6 h

Calcium 
gluconate 
10%

Membrane 
stabilization

1–2

Hyperphosphatemia Polarizing 
solution

Potassium cell 
translocation

Regular insulin 
10 U + 50% 
intravenous glucose 
solution

Lactic acid Sodium 
bicarbonate

Alkalization 8.9%–1 mEq/kg

Kidney dysfunction Furosemide Increased renal 
tubular flow

40 mg 
intravenously, as 
needed
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chemotherapy ends. In patients at high risk for TLS, it is 
 recommended to administer high volumes, with the exception of 
those who are at risk of volume overload [15].

In addition to hydration, hypouric agents can reduce urate lev-
els. The most used drug for patients with low and moderate risk of 
TLS is allopurinol, which prevents the formation of uric acid from 
xanthine and hypoxanthine. Rasburicase is a recombinant enzyme 
of the enzyme urate oxidase that converts uric acid to allantoin, a 
compound 5–10 times more soluble in urine, and is recommended 
as a first-line drug in patients at high risk of developing TLS [16].

The treatment of acute hyperkalemia consists of stabilizing the 
cardiac membrane, allowing potassium to enter the intracellular 
environment and reducing the total amount of potassium. The 
main treatments consist of hydration, administration of potassium 
exchange resins, and loop diuretics or thiazides [15].

Initial treatment for hyperphosphatemia consists of hydration 
and administration of phosphate binders, such as calcium carbon-
ate and aluminum hydroxide. Asymptomatic hypocalcemia does 
not need treatment as it usually corrects with improvement in 
TLS.  If there are symptoms, however, the recommended treat-
ment is a single dose of 10% calcium gluconate [15].

The treatment of lactic acidosis is based on the correction of 
the condition responsible for the alteration of lactate metabolism. 
In patients with a pH of less than 7.15, that is, with severe acute 
acidosis, the recommended treatment is to supplement with 
sodium bicarbonate [16].

When standard electrolyte control therapies are not enough to 
prevent acute renal failure, it is necessary to perform renal replace-
ment therapies with intermittent and continuous dialysis methods, 
such as hemodialysis, hemofiltration, and peritoneal dialysis [16].

10.3  Hematotoxicity

Most cytotoxic antineoplastic agents used in cancer treatment 
attack rapidly dividing cells in an undifferentiated way, resulting 
in cell death and toxic effects mainly on healthy cells in the mem-
branes of the gastrointestinal tract, hair follicle, and bone marrow. 
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Myelosuppression associated with antineoplastic treatment can 
lead to neutropenia, anemia, thrombocytopenia, or both, increas-
ing the risk of infection, fatigue, decreased quality of life, reduc-
tions and delays in treatment, and reduced survival [17].

Neutrophils are produced in the bone marrow, are the first line 
of defense against pathogens, and have a relatively short half-life 
of 7 or 8 hours in peripheral blood [18]. Neutropenic patients are 
particularly prone to serious and potentially fatal bacterial infec-
tions. Chemotherapy-induced severe neutropenia is defined by the 
National Comprehensive Cancer Network (NCCN) as less than 
500 neutrophils/mcL or less than 1000 neutrophils/mcL with a 
progression of decline to 500 neutrophils/mcL over the next 
48 hours. Infections in patients with neutropenia may be evident 
from fever alone. This febrile neutropenia is defined as an axillary 
temperature greater than 37.8 °C or a temperature persistence 
between 38 and 38.3 °C for more than 1 turn [18].

Risk assessments for neutropenia and infectious complications 
are important components of cancer patient care, considering the 
risk inherent in the chemotherapy regimen, the type of cancer, and 
the characteristics of the patient [18]. Another hematologic toxic-
ity experienced by patients using cytotoxic chemotherapy is ane-
mia. Defined by hemoglobin less than 12  g/dL, it is present in 
20–60% of all patients at the time of diagnosis and treatment and 
is often undertreated, despite its prevalence [19]. The causes of 
anemia in cancer patients have been classified into three catego-
ries: anemia occurring as a result of the malignancy, anemia 
attributed to therapy for the malignancy, and anemia as a result of 
other contributing factors [20].

Fatigue is the clinical manifestation of anemia most commonly 
reported by patients, followed by tachycardia and headache. 
Hemoglobin levels have been shown to have a considerable 
impact on the incidence of fatigue and quality of life in multiple 
studies. Consistently, patients with a hemoglobin of 11–13 g/dL 
presented better quality of life [21].

Thrombocytopenia is defined as a decrease in the number of 
platelets, it is a myelotoxicity attributed to chemotherapy, but it 
can also be related to the disease itself. The main consequence of 
thrombocytopenia is bleeding, which can occur spontaneously 
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when platelet counts are below 10,000/mcL.  The incidence, 
 severity, and duration of chemotherapy-related thrombocytopenia 
is quite variable and depends on the treatment that the patient is 
undergoing [22].

10.3.1  Treatment and Monitoring 
of Hematological Toxicities

In the period of neutropenia, the patient is at greater risk of devel-
oping infections; one option is to use prophylactic antimicrobials 
during periods of neutropenia. This option includes antibiotic cov-
erage for gram-positive and gram-negative bacteria, antifungals, 
and/or antivirals, depending on the patient’s history of infections, 
the type of malignancy, and the chemotherapy regimen [18].

It is recommended to use febrile neutropenia risk assessment 
models. The MASCC score index for risk assessment in patients 
with febrile neutropenia is the most used; risk stratification helps 
to establish the treatment of patients enabling the best choice of 
antimicrobial treatment (monotherapy or combinations), route of 
administration, and location treatment (home, outpatient, or inpa-
tient) [23].

The current recommendation for prophylactic treatment for 
adults with an expectation of neutropenia greater than 7 days from 
the start of treatment until the recovery of granulocytes, or until 
the development of fever and initiation of empirical antimicrobial 
therapy, is described in Table 10.4.

If fever develops during neutropenia, the recommendation is to 
start empiric broad-spectrum antibiotics immediately. Therapeutic 
options include beta-lactams: cefepime, ceftazidime, piperacillin- 
tazobactam, and carbapenems in monotherapy [24].

Another option for the treatment of neutropenia due to antineo-
plastic agents is the use of granulocyte colony-stimulating factors 
(G-CSF) as an adjunct to chemotherapy to reduce the incidence, 
severity, and duration of neutropenia. The most used G-CSFs are 
filgrastim and pegylated filgrastim (pegfilgrastim) [18].

G-CSF can be administered as primary prophylaxis (with each 
chemotherapy cycle, starting from the first cycle) or secondary 
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prophylaxis (in all cycles remaining after a neutropenic event), 
the recommendations vary according to the chemotherapy proto-
col used [25].

The treatment of anemia in cancer patients will depend on the 
cause, severity, clinical status of the patient, and comorbidities. 
The therapeutic option is erythropoiesis-stimulating agents, 

Table 10.4 Prophylaxis of main infections

Prophylaxis

Infection by 
pneumocystis 
Pneumocystis 
jirovecii

First choice:
   Sulfamethoxazole + trimethoprim 400 + 80 mg 

orally 1×/day or 800 + 160 3×/week
Alternatives:
   Dapsone 50 mg orally 2×/day or 100 mg 1×/day 

(first line in cases of confirmed allergy to sulfa 
drugs) or

   Atovaquone 1500 mg orally 1×/day or
   Pentamidine 300 mg inhaled for 21–28 days

Fungal infection First choice:
   Fluconazole 400 mg 1×/day orally or intravenously
Alternatives:
   Micafungin 50 mg intravenously 1×/day or (first 

choice if C. kruseior C. glabrata confirmed)
   Posaconazole 200 mg orally 2×/day (first choice in 

the presence of severe graft versus host disease)
   Voriconazole 200 mg orally 2×/day

Viral infection First choice:
   Acyclovir intravenously 250 mg/m2 or 5 mg/kg 

12/12 hours
   Acyclovir orally 60 mg 8/8 hours or 400 mg 

12/12 hours
Alternative:
   Valaciclovir orally 500 mg 12/12 hours

Bacterial infection First choice:
   Ciprofloxacin 500 mg 12/12 hours orally
Alternatives:
   Levofloxacin 500 mg 1×/day orally

Parasitic infection First choice:
   Ivermectin 200 μg/kg/day orally for 2 days; repeat 

it in 2 weeks

Adjusted from NCCN Guidelines, 2016
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responsible for cell proliferation, maturation, and differentiation, 
represented by erythropoietin alfa, erythropoietin beta, and darbe-
poetin. The main purpose of erythropoietin therapy is to prevent 
or eliminate the need for blood transfusion. There is no recom-
mendation for prophylactic use to prevent anemia in patients 
undergoing chemotherapy or radiotherapy with normal hemoglo-
bin values at the start of treatment [26].

Currently, there is no information enough in the literature to 
support the development of appropriate guidelines and approaches 
for the treatment of thrombocytopenia in cancer patients [22].

10.4  Nausea and Vomiting

Chemotherapy-induced nausea and vomiting (CINV) are very fre-
quent adverse events, present in 70% of patients who do not 
receive prophylaxis and in 25–55% of patients even with adequate 
prophylaxis [27]. Tables 10.5 and 10.6 describe the grade of these 
adverse events.

It is one of the main factors leading to dose reduction or dis-
continuation of the treatment protocol, directly interfering with 
the patient’s diet and quality of life, in addition to the high invest-
ment of time and savings for cancer treatment centers in its man-
agement and consequences [28, 29].

Table 10.5 Grade of adverse events: Nausea

Adverse 
event

Degree

1 2 3 4

Nausea Loss of 
appetite 
without 
changing 
eating habits

Decrease in food 
intake without 
significant weight 
loss, dehydration, 
or malnutrition

Inadequate intake of 
fluids or caloric foods; 
tube feeding; 
hospitalization and 
parenteral nutrition 
indicated

–

Adjusted from Grunberg et al. [35]; Guia para notificação de reaçõesadver-
sasemoncologia / SociedadeBrasileira de FarmacêuticosemOncologia  – 
SOBRAFO [36]
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For correct prophylactic treatment, not only the emetogenic 
potential of the protocol should be taken into account, which we 
will discuss in more depth shortly, but previous risk factors such as 
gender, age, alcohol consumption, experience of nausea and vomit-
ing in previous chemotherapy protocols, anxiety, and fatigue [30].

10.4.1  Nausea

It is a stomach discomfort and a pre-vomiting sensation, a nonspe-
cific symptom; that is, it can be caused by several reasons [31].

Nausea can occur at four different moments:

• Acute (it occurs within the first 24 hours after chemotherapy 
infusion)

• Late (24–120 hours after infusion, with the peak between 48 
and 72 hours)

• Anticipatory (it occurs before and during chemotherapy infu-
sion)

• Refractory (acute and late symptoms in all cycles, with increas-
ing intensities, indicating a poor clinical prognosis) [31]

Table 10.6 Grade of adverse events: Vomiting

Adverse 
event

Degree

1 2 3 4

Vomiting One to two 
episodes 
(separated 
by 
5 minutes) 
in 24 hours

Three to 
five 
episodes 
(separated 
by 5 
minutes) in 
24 hours

Six or more 
episodes (separated 
by 5 minutes) in 
24 hours; tube 
feeding; 
hospitalization and 
parenteral nutrition 
indicated

Risk of 
death; urgent 
medical 
intervention 
indicated

Adjusted from Grunberg et al. [35]; Guia para notificação de reaçõesadver-
sasemoncologia / SociedadeBrasileira de FarmacêuticosemOncologia  – 
SOBRAFO [36]
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10.4.2  Emesis/Vomiting

Emesis is the result of multiple stimuli, summarized below:

• Efferent: The impulse is sent by the vomiting center of the 
brain to the center of saliva, abdominal muscles, and respira-
tory and cranial nerves; it prepares the body with physical 
stimuli so that the body expels the stomach contents toward the 
mouth [32–35].

• Afferent: The afferent impulse is coordinated by neurons 
spread throughout the spinal cord that indirectly stimulate the 
vomiting center (located in the medulla) or emotional factors 
directly stimulating it, so emesis can occur through some dif-
ferent routes [32–35].

Thus, after the confirmation of studies on the great influence of 
nausea and vomiting on the success of cancer treatment, a practice 
that is now standard began around the 1980s: using pre- 
chemotherapeutic drugs, such as antiemetics. The prescription fol-
lows the risk classification of emetogenic potential (Table 10.7) [34].

In order to standardize protocols and offer the best treatment to 
cancer patients, some international institutions provide guides 
with the best treatment practices, with one of them being the ade-
quate prophylaxis of nausea and vomiting in chemotherapy, as is 
the case with the scheme described in Table 10.8, provided by the 
National Comprehensive Cancer Network (NCCN) [35].

Table 10.7 Risk of chemotherapy-induced emetogenic potential

Potential risk Acute Late

High (>90%) ++ ++
Moderate (30–90%) ++ +
Low (10–30%) + −
Minimum (<10%) − −

Adjusted from National Comprehensive Cancer Network (NCCN) Guide-
lines [34]
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10.5  Dermatological Adverse Events

The skin and its appendages, hair, and nails are components fre-
quently affected by cancer therapies, as they are cells in constant 
activity and division [37]. Maintaining dermatological integrity is 
very important, as it is one of the main barriers against opportu-
nistic infections and directly reflects on the quality of general 
health, in addition to its importance in the expression of personal-
ity and self-esteem [38]. Therefore, these changes must be 
observed, discussed with the patient, and managed early, avoiding 
complications that affect the quality of life.

Table 10.8 Protocols indicated for prophylaxis of nausea and vomiting

High potential
(select option A, B, 
or C)

Moderate potential
(select option A, 
B, or C) Low potential

Minimum 
potential

D1
Antagonist NK1 +  
Antagonist 5HT3
OR
Olanzapine + 
Palonosetron + 
Dexamethasone
OR
Olanzapine + 
Antagonist NK1 +  
Antagonist 5HT3 +  
Dexamethasone

D1
Dexamethasone + 
Antagonist 5HT3
OR
Olanzapine + 
Palonosetron + 
Dexamethasone
OR
NK1 +  Antagonist 
5HT3 +  
Dexamethasone

Dexamethasone
OR
Metoclopramide
OR
Prochlorperazine
OR
Antagonist 
5HT3

No 
prophylaxis

D2, 3, and 4
Aprepitant + 
Dexamethasone
OR
Olanzapine
OR
Olanzapine + 
Aprepitant + 
Dexamethasone

D2 and 3
Dexamethasone 
OR Antagonist 
5HT3
OR
Olanzapine
OR
Aprepitant + 
Dexamethasone

– –

Adjusted from National Comprehensive Cancer Network (NCCN) Guide-
lines [34]
Abbreviations: D(1–4, or) days of the chemotherapy protocol
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To help us classify and handle it correctly, there is a “Guia para 
notificação de reaçõesadversasemoncologia” [Guide for the noti-
fication of adverse reactions in oncology], made available through 
a partnership between Anvisa and SOBRAFO [36]. Tables 10.9, 
10.10, 10.11, 10.12, 10.13, and 10.14 describe the grade of each 
adverse event discussed in this topic.

Main involvements, management, and performance of the 
pharmacist are described below.

10.5.1  Exanthema

The rash (skin rash) presents as follicular papules and pustules 
and usually develops initially in areas with a high density of seba-
ceous glands, especially the face (forehead, nose, and cheeks), 
and can then progress to the chest and upper back [39].

The main associated symptoms are itching, burning, and pain. 
Although rash severity is generally classified according to the 
Common Terminology Criteria for Adverse Events (CTCAE) 
[40], the impact on patients is greater than suggested by the 
scores.

Infectious stimuli can then lead to skin inflammation, which 
requires additional treatment. One factor that can promote the 
development of rash is impaired skin barrier function mediated by 
epidermal ichthyosis (skin peeling) [41].

In short, papulopustular eruption/rash is an inflammatory pro-
cess that can be secondarily infected. Controlling the inflamma-
tory response is therefore the basis of therapy.

5.1.1  Prevention

• Avoiding frequent washing with hot water (during hand wash-
ing, showers, and baths)

• Avoiding skin irritants such as anti-acne medications, cleans-
ers, or over-the-counter disinfectants; OTC moisturizing 
lotions without alcohol or ointments, preferably with moistur-
izers containing urea (5–10%) for the body
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Table 10.10 Grading table of hand-foot syndrome degrees in oncology

Adverse 
event

Degree

1 2 3 4

Hand-foot 
syndrome

Minimal skin 
changes or 
dermatitis, unpainful 
(erythema, edema, 
or hyperkeratosis)

Skin changes with 
pain (blisters, peeling, 
wounds, edema, or 
hyperkeratosis), 
limiting daily activities

Skin 
changes, 
severe, with 
pain, 
limiting 
self-care

–

Adjusted from Guia para notificação de reaçõesadversasemoncologia / Socie-
dadeBrasileira de FarmacêuticosemOncologia – SOBRAFO [36]

Table 10.11 Grading table of alopecia degrees in oncology

Adverse 
event

Degree

1 2 3 4

Alopecia Loss of up to 50% of the 
normal amount of hair

Loss of >50% of the 
normal amount of hair

– –

Adjusted from Guia para notificação de reaçõesadversasemoncologia / Socie-
dadeBrasileira de FarmacêuticosemOncologia – SOBRAFO [36]

Table 10.12 Grading table of degrees of pruritus in oncology

Adverse 
event

Degree

1 2 3 4

Itching Light or 
localized; 
indicated 
topical 
intervention

Intense or 
widespread; 
intermittent; skin 
changes due to 
exfoliation (edema, 
papulation, 
excoriations); 
limits daily 
activities; indicated 
oral interventions

Intense or widespread; 
constant, limiting 
self-care or sleep; 
indicated oral 
corticosteroids or 
immunosuppressants

–

Adjusted from Guia para notificação de reaçõesadversasemoncologia / Socie-
dadeBrasileira de FarmacêuticosemOncologia – SOBRAFO [36]
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• Avoiding excessive exposure to the sun; using sunscreen 
applied to exposed areas of the body and every 2 hours when 
outside

• Oral antibiotics for 6 weeks at the start of therapy with or with-
out low/moderate strength topical steroid on face and chest [42]

5.1.2  Therapeutic Management
• For grade 1 and 2 rashes, initiation or increased potency of 

topical corticosteroids, and initiation of oral tetracycline anti-
biotics for at least 6 weeks [43].

Table 10.13 Grading table of paronychia degrees in oncology

Adverse 
event

Degree

1 2 3 4

Paronychia Edema or 
erythema of 
the nail 
fold; cuticle 
tear

Indicated local and oral 
intervention (antibiotic, 
antifungal, antiviral), nail 
fold edema or erythema 
with pain; associated with 
discharge or separation of 
the nail plate, limitation 
of daily activities

Indicated 
surgical 
intervention and 
use of IV 
antibiotics, 
limited self-care

–

Adjusted from Guia para notificação de reaçõesadversasemoncologia / Socie-
dadeBrasileira de FarmacêuticosemOncologia – SOBRAFO [36]

Table 10.14 Grading table of diarrhea grade in oncology

Adverse 
event Degree

1 2 3 4

Diarrhea Less than 4 
bowel 
movements 
a day.

4–6 bowel 
movements 
a day.

Greater than or 
equal to 7 bowel 
movements a day; 
incontinence; 
limitation for daily 
activities; indicated 
hospitalization

Risk of 
death: urgent 
intervention 
indicated

Adjusted from Guia para notificação de reaçõesadversasemoncologia / Socie-
dadeBrasileira de FarmacêuticosemOncologia – SOBRAFO [36]
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• For the treatment of grade 3 rash, the use of systemic cortico-
steroids (e.g., prednisone 0.5–1 mg/kg body weight for 7 days 
with a weaning dose for 4–6 weeks) is suggested along with 
the interruption of EGFRis until the rash is grade 1. When 
infection is suspected (i.e., failure to respond to oral antibiotics 
covering gram-positive organs, presence of painful skin 
lesions, pustules on arms, legs, and trunk, yellow scabs, dis-
charge), a bacterial culture should be obtained and antibiotics 
administered in at least 14 days based on sensitivities [43].

• Additional treatments include the use of oral retinoids (i.e., 
acitretin, isotretinoin) or dapsone [44].

10.5.2  Hand-Foot Syndrome

Described in 1974, hand-foot syndrome [45, 46] is defined as a 
disorder characterized by redness, severe discomfort, swelling, 
and tingling in the palms of the hands or the soles of the feet, 
which can worsen leading to severe pain, blisters, difficulty in 
performing daily activities and in more severe cases necrosis, 
strongly impacting the patient’s quality of life, and even discon-
tinuing treatment. Molecular and cellular mechanisms are still 
poorly understood [44].

Some examples of cytotoxic drugs that can influence the devel-
opment of the syndrome are 5-fluorouracil (5-FU), capecitabine, 
sorafenib, sunitinib, doxorubicin [47], remurafenib, dabrafenib, 
or encorafenib, among others [48, 49].

The occurrence and severity of the syndrome were correlated 
with the response to therapy [50, 51], that is, the more severe the 
effects of the syndrome, the greater the therapeutic response, 
resulting in a paradox with the treatment, requiring a balance to 
ensure a minimum of quality of life. Diagnosis and pathology 
usually develop within days to weeks after initiation of therapy; 
however, depending on the pharmacokinetics of therapy, it can 
also take up to 6 months for the first symptoms to occur [38].
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There is no treatment after symptoms start; the focus is to bal-
ance the treatment so that the dose of the cytotoxic drug has the 
expected effect causing the least discomfort. It is necessary to 
treat the predisposing factors before starting therapy, for example, 
dryness of the skin using cream with 10% urea three times a day, 
hyperkeratosis, for treatment with a taxane base, gloves and cool-
ing socks can be used, and in this case of capecitabine, a personal-
ized approach based on 200  mg celecoxib is recommended. In 
addition, it is recommended to avoid irritation and friction on 
hands and feet: long walks, unprotected weight carrying, chemi-
cal stress, irritants, solvents, or disinfectants [38].

10.5.3  Alopecia

Hair is an important element in image, self-esteem, and often syn-
onymous with health. Chemotherapy-induced alopecia is defined 
as the spontaneous loss of hair and, less commonly, body hair [50] 
and is a common consequence during treatment, caused by sev-
eral classes of drugs. It is usually reversible after the end of cyto-
toxic treatment; however, it can cause such a devastating 
psychological effect that it results in refusal and/or discontinua-
tion of the treatment [38].

Alopecia can be caused by different mechanisms, depending on 
the drug used, but we can summarize the attack of the follicle in the 
anagen phase (phase of accelerated cell division, which results in 
hair growth); the process is called hair follicle dystrophy [52].

The fall usually starts between the second week to 4  weeks 
after the start of treatment, and the severity depends mainly on the 
type, dose, method of administration, and time interval between 
infusions. The hair will start to grow back 2–3 months after com-
pletion of the CT and often grows with characteristics different 
from the original, yet a small number of patients may develop 
scarring alopecia (when hair no longer grows) [38].
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5.3.1  Therapeutic Management

• Scalp cooling is recommended for prevention, which usually 
starts 20–45 minutes before the infusion and continues during 
and for 20–150 minutes after the infusion.

• Biotin and orthosilicic can stimulate hair growth but are gener-
ally not recommended.

• Minoxidil may be considered to stimulate hair growth after 
cytotoxic treatment ends.

• Spironolactone is not recommended because the risk–benefit 
analysis does not justify its routine use.

• Bimatoprost ophthalmic solution may result in eyelash growth 
in some patients but is generally not recommended [38].

10.5.4  Itching

Drug-induced pruritus is an itch that usually becomes chronic, 
which, according to the International Forum on the Study of Itch, 
is defined as itching lasting 6 weeks [53].

The identification of the patient’s history, which must include 
all current medications, transfusions, emotional components, cor-
relation between the time of symptom onset and drug 
 administration for cancer treatment, and clinical examination, is 
mandatory before starting any type of specific therapy, as it is the 
evaluation of pruritus including intensity, onset, evolution, qual-
ity, location, and triggering factors defining the treatment. Chronic 
pruritus, often associated with other types of skin manifestations 
(hence the importance related to the treatment of events such as 
rash), may be accompanied by behavioral disturbance and with-
drawal from social life and work, so the psychosocial suffering 
involved [38].

There is still no standardized method to document and quantify 
pruritus, as it is a sensation subject to individual variations related 
to various factors such as tiredness, anxiety, and stress. Currently, 
the intensity of itching is assessed using a visual scale or a numer-
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ical rating scale [54]. There is a lack of studies that address effec-
tive strategies against pruritus, ensuring the quality of life and 
maintenance of treatment [38].

5.4.1  Therapeutic Management

• Dry skin can be a factor for pruritus [57], and in the case of 
mild to moderate pruritus, a topical antipruritic containing 
0.5% menthol or a topical corticosteroid such as mometasone 
furoate 0.1% ointment, betamethasone valerate 0.1% oint-
ment, and 2.5% hydrocortisone can be considered, in addition 
to lotions containing urea or polidocane [43].

• Antihistamines have been used to provide symptom relief in 
patients with mild to moderate pruritus of various etiologies, 
but evidence is weak in the treatment of targeted therapy- 
induced pruritus. Second-generation nonsedating antihista-
mines (loratadine, 10  mg daily) may be the first choice for 
daytime systemic therapy, as well as the use of first-generation 
antihistamines (such as diphenhydramine, 25–50 mg/day and 
hydroxyzine, 25–50 mg/day) can be considered based on its 
sedative properties in patients who suffer overnight [55, 56].

• The use of antiepileptic agents such as pregabalin (25–150 mg 
per day) and gabapentin (900–3600 mg per day) are consid-
ered second-line treatment in patients refractory to treatment 
with antihistamines and therapies against rash and/or xero-
derma [58].

• The tricyclic antidepressant doxepin, which is also a potent 
histamine antagonist, has been used to relieve general itching 
in topical and oral preparations [59].

• Aprepitant, an NK-1 receptor antagonist, has been reported to 
reduce pruritus related to erlotinib, cetuximab, panitumumab, 
sunitinib, gefitinib, imatinib, and other EGF-Ris [59].

• Systemic corticosteroids (0.5–2  mg/kg daily) are considered 
for temporary relief of severe itching. [59]

• For severe or widespread pruritus, oral corticosteroids or 
immunosuppressive therapy are indicated [59].
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10.5.5  Paronychia

Targeted therapy-induced paronychia develops gradually after 
several weeks of treatment. Lesions around the nails initially 
manifest acutely, corresponding to a painful erythematous inflam-
mation with swelling and tenderness in the lateral folds of the 
nail, which may progress to the formation of granulation tissue, 
simulating ingrown nails. Usually, the thumbs and big toes are the 
most affected due to repeated trauma [38].

The pathogenesis of paronychia is believed to result from inhibi-
tion of EGFR and EGFR-dependent pathways in keratinocytes. 
This leads to altered differentiation and migration of epidermal 
cells associated with inhibition of keratinocyte proliferation and 
decreased cell survival through induction of apoptosis [43]. The 
periungual stratum corneum becomes thinner, which can lead to 
perionychium perforation by the nail plate (onychocryptosis) [38].

5.5.1  Prevention
• Gentle skin care instructions [38]
• Preventive correction of curvature of the nails with referral to 

the podiatrist (if necessary) [38]
• Avoiding repeated friction and trauma/excessive pressure
• Wearing gloves when cleaning [38]
• Avoiding biting or cutting nails too short [38]
• Using antimicrobial immersion and washing with soap and 

water [38]
• Regular cut of the nails ensuring they are straight and not too 

short [38]
• Daily application of topical emollients to cuticles and periun-

gual tissues [38]
• Wearing comfortable, well-fitting shoes and cotton socks [38]

5.5.2  Therapeutic Management
• If self-limiting injuries, conservative management is chosen: 

high potency topical corticosteroids alone or combined with 
topical antibiotics, chemical cauterization with silver nitrate 
and elastic adhesive tape [56–58]
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• For grade 1 and 2 paronychia, 2% topical povidone-iodine 
showed benefits in a controlled study [59, 60]

• Oral antibiotics [61].
• Recently, complete elimination of nail paronychia was reported 

with 0.5% topical timolol gel under occlusion for 1 month in 
eight patients treated with EGFRis [61].

• Cryotherapy may be considered in the treatment of pyogenic 
granuloma [62].

• Grade 2 or 3 intolerable pyogenic paronychia/granuloma is 
indicated surgical treatment with partial extraction of the nail 
plate (or removal of a longitudinal segment of the nail along 
with the matrix) with physical destruction of excessive granu-
lation tissue [62].

10.5.6  Onycholysis

The impact of taxane-related onycholysis varies, but the lesions 
can be very painful and can affect patients both aesthetically and 
functionally, resulting in treatment interruption or discontinua-
tion. In addition, chronic onycholysis can lead to keratinization of 
the nail bed and persistent subungual hyperkeratosis [53].

Onycholysis is defined as the separation of the nail plate from 
the underlying nail bed. It usually starts at the distal portion of the 
nail bed, progresses proximally, and may involve the entire nail 
with the formation of a new space [56]. Lesions are evident after 
several weeks of treatment [63] due to the slow growth rate of the 
nails, being more evident in the toenails due to friction. The signs 
for diagnosis are the following: the affected part of the nail 
becomes opaque, loses its transparency, and may take on a black, 
white, or reddish-brown color; the ventral part of the detached 
plaque can also accumulate debris and lead to a secondary bacte-
rial or fungal infection [64] with the formation of painful 
abscesses, hemorrhages, and/or loss of the nail and consequently 
cause pain [53]. Lesions are evident after several weeks of treat-
ment [63] due to the slow growth rate of the nail [47, 53].

Severe cases occur almost exclusively with taxanes and are one 
of the most common adverse events in the class [53, 65], while 
mild/moderate can also be seen with the use of other drugs (e.g., 
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capecitabine, etoposide, cytarabine, cyclophosphamide, doxoru-
bicin, or combination therapy) and, to a lesser extent, with some 
targeted therapies (mTOR, EGFRis, or MEKis inhibitors).

5.6.1  Prevention

• Daily use of topical emollients, nail protection plates (to limit 
water loss from the nail plate), and cotton gloves [56, 66, 67].

• Avoid rubbing or irritating, including handling cuticles and bit-
ing nails, using nails as “tools,” prolonged immersion in water, 
exposure to chemical solvents, and application of artificial 
nails [53, 56].

• The preventive use of frozen products such as gloves and/or 
socks allowed a significant reduction in nail changes from 51% 
to 11% in fingernails and from 21% to 0% in toenails [68, 69].

5.6.2  Therapeutic Management
The management of nail onycholysis depends on clinical grade and 
impact on activities of daily living. The nail bed should be cleaned, 
and any infection should be promptly treated with appropriate topi-
cal/oral antibiotics and antiseptics. Nails should be trimmed regu-
larly until the nail plate has grown and replaced [64].

10.5.7  Diarrhea

Diarrhea is commonly induced by oncologic treatment, mainly in 
pelvic region radiotherapy, fluoropyrimidines, and irinotecan. It is 
defined as three or more episodes of soft or liquid stools within 
24 hours or a change in the patient’s normal frequency of evacua-
tion [70]. Table 10.15 describes the main causes of diarrhea in 
cancer patients.

This adverse event influences the adjustment of doses or inter-
ruption of the treatment protocol, as, depending on the severity, it 
has a great impact on quality of life, making it impossible to per-
form basic daily activities. Furthermore, it is directly associated 
with electrolyte disturbances and in the general state due to dehy-
dration [70, 71].
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10.5.8  Treatment

After initial assessment and classification of diarrhea severity 
[36], the conduct and treatment are defined. Treatment must be 
based on the cause and, when there is no response to specific ther-
apy, treatment with a nonspecific antidiarrheal is started, as 
described in Table 10.16 [72].

Table 10.15 Main causes of diarrhea in cancer patients

Cause Examples Management

Drugs Laxative, antibiotics, antidiabetics, 
antacids, iron, proton pump inhibitor, 
non-steroidal anti-inflammatory

Adjustment of 
medication

Local Obstruction, constipation, late effect of 
radiotherapy, pancreatic insufficiency, 
reduction in the absorption area

Symptomatic therapy

Immunity Late effect of graft-versus-host disease 
(GvHD)

Immunosuppression

Adjusted from Bossi et al. [70]

Table 10.16 Medicines used in the management of diarrhea

Medicine indication Dose

Loperamide First line of treatment Initial dose of 4 mg followed by 
2 mg every 2–4 h (higher 
frequency for persistent diarrhea) 
or after each soft stool (maximum 
16 mg per day)

Codeine Alternative to 
loperamide

15–60 mg maximum four times a 
day

Ocreotide High-risk grade 1–2 
diarrhea or persistent 
diarrhea after 
loperamide/first-line 
treatment grade 3–4

100 μg three times a day; increase 
if there is no improvement after 
24 h (maximum 500 μg per day) 
for intractable diarrhea; in 
critically ill patients, start with 
500 μg three times a day

Budesonide Second line of 
treatment for persistent 
grade 1–2 diarrhea, 
would refract to 
loperamide

9 mg once a day for 3–5 days

(continued)
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Table 10.16 (continued)
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11.1  Adverse Effects

Modern medicine has contributed to enhance human longevity 
and quality of life. On the other hand, an elderly population inhab-
iting a continuously polluted environment certainly contributes to 
the raise of cancer development.
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In this context, anticancer drugs are in high demand in recent 
decades, and oncology pharmacology is one of the medical fields 
experiencing a remarkable research activity and development of 
new drugs [6, 8].

However, anticancer drugs are among the more toxic drugs 
legally available. The National Cancer Institute’s Common 
Terminology Criteria for Adverse Events (NCICTCAE), which is 
responsible to classify the grade seriousness of adverse reactions, 
lists more than 750 different types of adverse reactions related to 
cancer treatments [8].

The balance of the expected benefits and the potential adverse 
drug reactions is the frequent challenge faced by clinicians [8, 11].

Adverse drug reactions (ADRs) are among the leading con-
cerns when drug research and development are considered once 
they are potentially related to therapeutic failures, and conse-
quently, drugs withdraw from the market.

ADRs have been estimated to contribute up to 60% of the total 
costs involved in chemotherapy [8].

The economic impact of cancer therapy is, generally, relegated 
to second plane due to population willingness to pay for to resolve 
this feared disease. However, the treatment costs are relevant 
information to decision makers in health-care system.

Literature approach used to take two routes are (1) cost- effectiveness 
analysis of the anticancer treatment and (2) cost- effectiveness analysis 
of the ADRs related to anticancer treatment [7].

ADRs cost-effectiveness analysis should be conducted based 
on the following direction: (1) ADR selection, (2) dose modifica-
tion, (3) ADR and quality of life, and (4) multiple ADR. However, 
literature approach is restricted to some of these aspects isolated, 
considered to only one type of cancer and restricted to a specific 
health-care institution. In this perspective, a wide range of treat-
ment cost can be found. For instance, the cost of erythropoietin 
treatment to address anticancer drug-related anemia can vary 
from £ 190,000 to £ 9000 per QALY gained [7].

Albeit individual patient characteristics contribute to ADRs in 
addition to drugs, multiple drug-related factors are involved like 
drug formulation, dosage, administration route, drug interactions 
(drug-drug, drug-food), allergic reactions, and metabolism [12].
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The physicochemical drug features are highly related to the 
onset of ADRs. These drug features are directly involved in key 
aspects of drug metabolism like absorption, distribution, efficacy, 
transformation, excretion and drug promiscuity.

Ideally, candidate drug molecules should comply to a roll of 
principles initially established by Lipinski and cols. in 2001. [12].

Albeit designed to oral-administrated drugs, the “rule of five” of 
Lipinski (R05) can, in certain extension, be applied to intravenous 
drugs as well: R01, drug should not exceed a molecular weight of 
500 g/mol; R02, the hydrophobicity, represented by log P value, of 
less than 5; R03 do not exceed 5 hydrogen bond donors and 10 
hydrogen bond acceptor sites; R04 do not exceed a polar surface 
area of 140 Å; and R05 do not exceed 10 rotatable bonds [12].

Intravenous drugs tend to have more ADRs due to its faster and 
broadly systemic effect than oral-administrated drugs.

Notably, most anticancer drugs do not comply to R05 simply 
because they were developed before 2001.

High molecular weight and log P values are related to off target 
binding (drug promiscuity), and highly lipophilic compounds 
(high P log) are more likely to promote cell toxicity due to its high 
affinity to proteins [12].

The traditional approach to access ADRs is patients’ spontane-
ous report. Prompt identification of drug safety problems enforces 
regulatory measures from health authorities to preclude further 
damage to patients [8, 11].

However, this approach is not so successful in oncology phar-
macology due to different reasons:

 1. Usually, cancer patients are severely ill, the anticancer drugs 
used are frequently very toxic, and consequently, ADR reports 
fairly high. The treatment risk/benefit evaluation by physicians 
is related to clinical course/severity of the disease as well as 
the prognostic. In this regard, anticancer ADRs are considered 
a low-priority secondary problem to clinicians.

 2. The new developed drugs (first in class) targeting molecular 
cell receptors never tried before that have limited support from 
the literature. A selected study evaluated 12 anticancer target 
agents approved to access ADRs identification in the post- 
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marketing period. Seventy-six serious ADRs were included in 
the updated labels, 50% of them were potentially fatal, and 
58% were unpredicted in the initial label. In addition, 42% 
received one or more boxed warnings.

 3. Fatal ADRs can take longer times to be identified. For exam-
ple, genetically susceptible patients may have bone marrow 
depression due to thioguanine after 36 years of the therapy.

 4. It is worth mentioning that the population tested in premarket-
ing studies is fairly different to that receiving the drug in the 
post-marketing phase [4, 8, 11].

In general terms, anticancer drugs are directed to completely 
eradicate the malignancy or, alternatively, to reduce disease sever-
ity in a palliation effect [6, 12].

This goal is achieved through drug lethal cytotoxic induction 
and, consequently, tumor regression. Classically selected targets 
to drug actions are centered in the different steps of metabolic 
DNA and RNA pathways, direct attack to DNA and cell division 
apparatus. These strategies are perfectly achievable but not 
restricted to cancer cells. Irrespective of various types of meta-
bolic imbalances and defections in cancer cells, they are alike to 
normal (nonmalignant) cells, and consequently, anticancer drugs 
have a broad action through the whole organism. The off-target 
binding related to lack of drug specificity is termed drug promis-
cuity [6, 11, 12].

Anticancer drugs partial selectivity is achieved due to some 
characteristics of tumor mass: (1) higher demand of metabolites, 
(2) higher demand of blood supply, (3) higher mitosis index, and 
(4) higher cell death index [11, 12].

It is important to take into account that most of these character-
istics are shared to normal tissues, especially hematopoietic and 
epithelial. In this perspective, some ADR can be predicted. A high 
epithelial cells turnover can anticipate hair loss (alopecia), gastro-
intestinal disturbance (vomiting, diarrhea, mucositis), and 
 hematopoietic disturbance (reducing numbers of white blood 
cells, leukopenia; reducing numbers of red blood cells, anemia; 
reducing of platelets numbers, thrombocytopenia) [11, 12, 14].
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Transient or not, these ADR suggests an additional (adjunct) 
drug therapy is frequent. Adjunct drug therapy aims to improve 
patient’s quality of life in the case of vomiting, diarrhea, mucosi-
tis, or anemia, for example, but sometimes, it is absolutely manda-
tory. Leukopenia is related to an increased incidence of body 
infection (mainly in skin and guts) and the incidence of other 
types of tumors in addition to the primary target of the cancer 
therapy. Thrombocytopenia and its potential to compromise blood 
clot formation is a life-threatening condition that must be 
addressed with adjunct therapy as well [4, 11].

Additional concerns related to anticancer drugs include resis-
tance and adaptation. In both situations, using two different types of 
drugs in combination or intercalated is the main strategy to address 
the problem. Drug combined therapy usually is short termed due to 
its markedly high incidence and intensity of ADRs [4].

In fact, dose, dose schedule, administration route, and the type 
of cancer contribute to toxicity of the drug prescribed to the patient; 
however, cancer drugs have a narrow limit of safety [4, 8, 12].

11.1.1  Most Common ADRs

Hepatotoxicity In considering drug dose set and possible drug 
adaptation, the access to patient’s liver status is fundamental. 
Hydrophobic, high-molecular-weight drugs are fairly aggressive 
to the liver, particularly if used for long-lasting scheduled thera-
pies. Hepatic cirrhosis or steatosis are frequent ADRs in long- 
term anticancer drug therapy. Therapeutic dose set may be even 
more difficult in patients exhibiting liver metastasis [9].

Anticancer drugs elimination from the cell and the entire 
organism involves cell membrane transporters in addition to liver 
and kidney.

The P-glycoprotein is a cell membrane transporter dedicated to 
remove drugs from the cells. It is expressed in a wide variety of 
cell types and is able to transport different types of drugs irrespec-
tive of hydrophobicity and molecular weight. Due to capacity to 
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disturb drug absorption and metabolism, it influences drug bio-
availability and toxicity, enhancing ADRs frequency [9].

P-glycoprotein activity modulation frequently occurs in anti-
cancer drugs combination (multidrug) therapy.

Drug excretion is mainly directed through the liver and kidney. 
A fraction of the unchanged drug can be eliminated directly 
through biliary system and renal tubules. However, the most part 
of the ingested/injected drug is metabolized in the liver in two 
types of reactions. In type I reactions, reduction, oxidation, and 
hydrolysis are conducted to make the drug compound more 
hydrophilic. The type II reactions have the same goal, but it is 
achieved through conjugation of some compounds (glucuronic 
acid, glycine, sulfate). The type II reactions may, in addition to 
direct excretion, activate the drug compound and potentiate 
ADRs, enhancing off-target binding (drug promiscuity).

Drug metabolites are much more prone to off-target protein 
binding and are implicated in ADRs like nausea, cardiotoxicity, 
and neurotoxicity in addition to idiosyncratic events [9].

Kidney Toxicity Drugs used in malignant disease can induce a 
variety of renal failures. The kidneys are the main route to elimi-
nate drugs and their metabolites. Excretion may take two routes: 
(1) tubular secretion and (2) glomerular filtration. Glomerular fil-
tration is only possible if the drug is not bound to proteins. In the 
case of protein-bound drugs, proximal tubules secretion is the 
route to excretion.

Anticancer drugs can affect glomerulus, tubules, interstitium, 
and microvasculature. Clinical manifestations range from asymp-
tomatic serum creatinine elevation to acute renal failure, and they 
are categorized as acute kidney injury (AKI) due to thrombotic 
microangiopathy (TMA), toxic acute tubular necrosis, and crystal 
nephropathy; proteinuria/nephrotic syndrome due to TMA, focal 
segmental glomerulosclerosis (FSGS), minimal change disease, 
and membranous nephropathy; tubulopathies due to electrolyte, 
acid-base, and divalent disorders; and chronic kidney disease 
(CKD) due to glomerulopathies or interstitial nephritis [2, 10].
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Cardiovascular Toxicity
Cardiovascular system is affected by anticancer drug as well, and 
cardiotoxicity is considered the most critical ADR and the pri-
mary cause of mortality of cancer survivors. A wide range of car-
diovascular compromise was recorded: thromboembolic and 
vasospastic ischemia, dysrhythmia, arterial hypertension, and 
heart failure due to left ventricle dysfunction. Anticancer drugs 
cardiotoxic effects are related to reactive oxygen species (ROS) 
and reactive nitrogen species (RNS) production in cardiomyo-
cytes.

Low levels of ROS/RNS are required to normal cardiomyocyte 
physiological function. The H2O2 produced is considered an 
endothelium-derived hyperpolarizing stimulus and a coronary cir-
culation vasodilator in addition to chemical attack to many cell 
biomolecules.

Intracellular signaling inhibitor anticancer drugs induce imbal-
ances in metabolic cascades that are critically related to myocar-
dial function, especially in conditions of stress (hypertension/
hypertrophy) [3, 13].

Neurotoxicity Most anticancer drugs induce neurotoxic ADRs. 
The more frequently described neurotoxic effects are related to 
peripheral nervous system. Dorsal root ganglions are frequently 
disturbed by anticancer drugs with consequent manifestations in 
altered sensitivity, including states of spontaneous pain. Motor 
and sensitive myelin nerves experience different grades of demy-
elination with loss of sensibility, weakness, neuropathy, loss of 
equilibrium, and defective sensory-motor reflexes. Cranial nerves 
are less frequently affected by anticancer drug ADRs. Central ner-
vous system ADRs are rare due to blood-brain barrier; however, 
mood disturbances were recorded [5].

Nausea and Vomiting The vomiting reflex is a preserved behav-
ior through different species and is considered as a protective 
mechanism against ingested toxins.
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Anticancer drugs may cause emesis through different mecha-
nisms. The best supported is related to the effect on the upper 
small intestine. After anticancer drug administration, free radicals 
are produced, leading to a local release of 5-hydroxytryptamine 
(5-HT). 5-HT then, through its receptors, acts on vagal afferent 
terminals in the bowel wall. Efferent fibers project from the dorsal 
vagal complex to the final effector of the emetic reflex. Diverse 
neuronal groups of the temporal lobe may be sources of efferent 
fibers that stimulate emesis, such as the amygdala [6, 8, 12].

Diarrhea The diarrhea is a common ADR reported in several 
anticancer drug regimens that cause a debilitated state and can 
potentially be life-threatening.

The triggering mechanism is not completely understood, but it 
is most likely a process that induces an imbalance between 
absorption and secretion in the small bowel segment. Some types 
of anticancer drugs induce acute damage to the intestinal mucosa 
that is evidenced by intestinal epithelium loss, inflammation of 
the bowel wall, and focal necrosis. Drug-induced mitotic arrest of 
intestinal epithelial crypt cells results in an increase in immature 
secretory crypt cell numbers in relation to absorptive cells, lead-
ing to an abnormal absorption and secretion of fluids and electro-
lytes. Additionally, brush border disruption compromises the 
enzymes involved in terminal digestion of carbohydrates and pro-
teins. Opportunistic bacterial colonization collaborates to disturb 
the secretion of intestinal fluids and electrolytes [6, 8].

Alopecia Alopecia represents one of the most conspicuously 
reported ADR and a major unmet challenge in clinical oncology.

The main target of anticancer drug ADRs are the rapidly pro-
liferating and vulnerable hair follicle and its associated pigmen-
tary system. These systems undergo a rapidly apoptotic process 
after chemotherapeutic inoculation. The P-53 proapoptotic path-
way is importantly involved in the process. Additionally, 
 anticancer drugs disturb hair follicle vasculature and the seba-
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ceous gland of the region, negatively affecting the hair follicle 
health and function [6, 8].

Anorexia Anorexia can be defined as the loss of desire to ingest 
food, consequently disturbing nutrients ingestion, prompting 
body weight loss.

Anorexia-induced chemotherapy is possibly related to a sys-
temic or local activation of the hypothalamus through inflamma-
tory mediators secondary to intestinal mucositis or the direct 
action of the drug in the brain. The increased levels of proinflam-
matory cytokines, notably interleukin-1β, may be related to the 
process.

In addition, anorexia due to chemotherapy has a strong rela-
tionship with dehydration states that are secondary to diarrhea, 
which may be induced by a wide variety of different types of anti-
cancer drugs. Systemic dehydration is a well-described cause of 
anorexia that is triggered by the activation of osmosensitive 
nucleus in hypothalamus and vasopressinergic neurons. It is pres-
ently known that chemotherapeutic drugs can induce enough 
dehydration to activate the neuronal brain pathways involved in 
anorexia [6, 8, 12].

Rheumatic Manifestations Reports have been collected about 
rheumatoid arthritis (RA), Reiter’s syndrome, and vasculitis in 
patients submitted to anticancer immunotherapy. Anticancer 
drugs exacerbate previous RA states and frequently induce post- 
chemotherapy rheumatism. Arthralgia, stiffness, and arthritis 
ADRs were reported after chemotherapy and frequently involve 
joints of the upper and lower extremity after a few months of che-
motherapy begin. These reports were considered self-limited, 
noninflammatory, and temporary. In addition, the phenomenon 
had no relationship with metastasis occurrence.

The mechanisms underlying chemotherapy-related rheumatic 
manifestations are poorly understood; however, it is supposed that 
anticancer drugs disrupt severally the immune system inducing an 
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imbalance in cartilage matrix turnover, including the production 
of autoantibodies, resembling an autoimmune disease [6, 8, 12].

Neutropenia Chemotherapy-induced myelosuppression is among 
the earliest ADR reported of anticancer drugs and, commonly, the 
most important dose limiter of chemotherapy. Irrespective of the 
importance of all leukocyte types in body defense mechanisms, the 
neutrophil cell number reduction (neutropenia) has an immediate 
and profound effect in defense system [6].

Anticancer drug-induced neutrophil depletion severally 
impacts in inflammatory response. Neutrophil outnumbers the 
other leukocytes by a wide margin in “normal” blood, and it is a 
key component of innate immunity. Neutropenia reduces drasti-
cally antibacterial response, prompting infections due to unre-
stricted bacterial multiplication and invasion.

However, the most dangerous and life-threatening clinical fea-
ture is the reduction or the absence of the infection signs and 
symptoms. Basically, only fever remains present. Patients with 
this profile (febrile neutropenia) have a high risk of septicemia, so 
intravenous antibiotics and hospitalization are mandatory mea-
sures [6, 8, 12].

Thrombocytopenia Chemotherapy-induced myelosuppression, 
in addition to compromised leukocyte cell number (and function), 
reduces the platelet cell number as well (thrombocytopenia). The 
recent therapeutic use of myeloid growth factors and erythropoi-
etic agents, have been reducing the incidence and severity of neu-
tropenic fever and anemia, respectively. The same approach has 
not been so successfully applied to thrombocytopenia, so it 
remains an unsolved clinical problem.

Thrombocytopenic states are induced by intense anticancer 
drug administration, as in the setting of hematologic-origin malig-
nancies and pediatric malignancies. In any case, hemorrhagic 
events and the necessity of platelet transfusion, as well as chemo-
therapeutic dose reduction and treatment delays, are commonly 
reported.
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Thrombocytopenia may have different causes: (1) reduction of 
platelet production, (2) massive platelet destruction, and (3) 
spleen platelet sequestration.

It is worth to mention that in spite of platelet production reduc-
tion is the main cause of thrombocytopenia-related chemothera-
peutic effects, different class of drugs act by different mechanisms:

 1. The antimitotic effect on stem cells of busulfan and carbopla-
tin leads to a reduction in platelet reduction that is long-lasting 
and refractory to treatments.

 2. The antimitotic effect on progenitor precursors in later differ-
entiation states of common cytotoxic drugs induces shorter 
periods of platelet reduction count.

 3. Protease inhibitors (e.g., bortezomib), which act through 
nuclear factor K-ß inhibition, reduce the fully differentiated 
megakaryocyte capacity to shed platelets [6, 11].

11.1.2  Anticancer Drugs Classes and ADRs

Anticancer drugs can be classified according to their sites of 
action at specific points in the biosynthetic pathways of important 
biomolecules.

Alkylating agents This is a group of substances that react 
through electrophilic alkyl group or a substituted alkyl group that 
can bind covalently to nucleophilic site (including bases of DNA) 
bases of cytotoxic effect. Although it reacts to all cell in different 
cell-cycle phase, efficacy and toxicity are more evident in rapidly 
proliferating tissues. Common ADRs related to alkylating agents 
are nausea, vomiting, bone marrow atrophy, renal failure, intersti-
tial pneumonitis, pulmonary fibrosis, gonadal toxicity, teratogen-
esis, alopecia, allergic reactions, immunosuppression, diarrhea, 
CNS disturbance, and induction of drug resistance.

As paradoxical as it seems be, new types of cancer may be 
induced along the treatment by anticancer drugs as they have a 
high mutagenic potential. For example, occurrence of acute 
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 non- lymphoblastic leukemia some 10  years after treatment to 
cure the original tumor has been observed. This is a particular 
problem related to the use of alkylating agent class [15].

Cisplatin and Analogs These compounds are based on platinum 
cell-killing potential. These compounds induce cell killing 
through the development of a covalent bifunctional bond to 
DNA. Common ADRs related to cisplatin and analogs are renal 
toxicity, cardiotoxicity, neurotoxicity, nausea, and myelosuppres-
sion [1, 16].

Antimetabolites Antimetabolites encompasses a group of sub-
stances that share structural resemblance to normal cell mole-
cules, and they induce their predicted effect arresting or disturbing 
the metabolic pathways of nucleic acid synthesis. They fall into 
two main classes: the folate antagonists or antifolates, which 
interfere with nucleotide synthesis, and the purine and pyrimidine 
analogues, which are incorporated into DNA and affect the cell 
cycle.

Common ADRs related to antimetabolites are myelosuppres-
sion, mucositis, hepatotoxicity, interstitial pneumonitis, CNS dis-
turbance, drug resistance induction, skin rash, chest pain, alopecia, 
neutropenic fever, anorexia, diarrhea, abdominal pain, and acute 
pancreatitis . Pediatric ADRs were reported: fever, myalgia, bone 
pain, conjunctivitis, malaise, peripheral neuropathy, and seizures.

Additionally, antimetabolites may induce other types of can-
cer: SCC, non-Hodgkin’s sarcoma, and Kaposi’s sarcoma [17].

Topoisomerase Agents DNA topoisomerase (Top) comprises a 
class of enzymes that alter the topology of the DNA and release 
torsional stress during replication and transcription. Top 1 and 2 iso-
zymes are approved by the FDA. Common ADRs related to topoi-
somerase agents are mainly related to cardiotoxicity: tachycardia, 
hypotension, electrocardiogram changes, and arrhythmias [18].
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Antimicrotubular Agents The mitotic spindle is part of a larger 
intracellular network of microtubules that is formed during pro-
phase in the cell cycle. This larger network is a denominated cyto-
skeleton and participates in different cell functions, including the 
dislocation of organelles in the cell cytoplasm. The mitotic spin-
dles comprise a group of different proteins, in addition to tubulins 
and centromere proteins, that are responsible on separating the 
newly duplicated cell DNA to the future daughter cells in the final 
phases of the cell division. Most microtubule inhibitor drugs are 
plant-derived compounds that have the ability to disturb tubulin 
polymerization, consequently disrupting mitotic spindles and cell 
division process.

Taxanes Neutropenia is the main toxicity effect, starting on day 
8–10 and lasting 5–10 days.

Major hypersensitivity reactions were detected in 3% of the 
patients and starts 10 minutes after drug administration. High cor-
ticosteroid doses are, usually, effective in the recovery, and it is 
believed to be triggered by histamine-like substances.

Peripheral neuropathy was also detected. Sensory loss, includ-
ing deep tendon reflexes, was observed, and demyelination was 
observed in physiologic studies.

Cardiac ADRs are mainly related to a transient sinus bradycar-
dia in 30% of the patients. However, congestive heart failure can 
be observed in patients receiving drug combinations.

Severe hepatotoxicity and pancreatitis are rare ADRs. Drug- 
induced alopecia is reversible, and nail disorders were reported as 
well.

Vinca Alkaloids This group has a marked neurotoxicity charac-
terized by a peripheral, symmetric, mixed sensory-motor and 
autonomic polyneuropathy. Neuritic pain and deep tendon reflex 
loss were recorded in extended treatments. Neurologic studies 
demonstrated axonal degeneration and reduced axonal transport 
related to axonal microtubule dysfunction. Cranial nerves are 
rarely affected, and central neurotoxicity is rare.
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Neutropenia is the more frequent ADR, but thrombocytopenia 
and anemia were reported as well.

The more frequent gastrointestinal effects reported were bloat-
ing, constipation, abdominal pain, pancreatitis, and mucositis [19].

Small-Molecule Tyrosine Kinase Inhibitors Basic science 
research has propelled the development of new anticancer drugs. 
The rationale is to circumvent or reduce “classical” anticancer 
ADRs due to its lack of specificity to cancer cells. Tyrosine kinase 
is one of these candidate molecules that have been targeted in 
drug development. The phase I and II clinical tests have been con-
ducted, and some drugs approved by FDA (imatinib mesylate, 
dasatinib, nilotinib, erlotinib, among others).

Irrespective of the research/clinical efforts, mild-to-moderate 
ADRs have been reported. The most frequent ADR reported is 
drug adaptation, followed by mild-to-moderate skin rash and diar-
rhea. Additionally, VEGFR TKI-directed drugs may induce 
hypertension, proteinuria, wound healing problems, bleeding, 
reversible leukoencephalopathy, thrombosis, and hypothyroidism 
([20]).

Antibodies to Signal Transduction Molecules Different cell 
death mechanisms can be triggered using antibodies that are avail-
able to clinical use. Strategies vary from complexing with ligand, 
stimulation or blockade of receptor, toxic payload delivery, and 
interactions with the immune system or complement system to 
stromal components targeting. EGFR inhibitory antibodies are 
related to paronychia, digits fissures, and hypomagnesemia. Mild 
fever, hypotension, tremors, skin rash, nausea, abdominal pain, 
and vomiting were also reported.

In clinical tests using Anti-VEGFR antibodies, fatigue, pain, 
arthralgia, and constipation were reported.

On the other hand, TNF-related apoptosis-inducing ligand 
antibodies exhibited a mild fever, hypotension, myalgia, fatigue, 
nausea, and diarrhea [21].
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Histone Deacetylase Inhibitors and Demethylating Agents The 
clinical strategy is based on (1) the inhibition of DNA methyl-
transferases that mediate abnormal promoter methylation and (2) 
the inhibition of histone deacetylases that catalyze key repressive 
biochemical steps related to transcriptional repression.

Histone deacetylase inhibitor compounds used in hematologic 
malignancies induced fatigue, nausea, diarrhea, and thrombocyto-
penia in 45% of the patients. In electrocardiographic T waves, 
80% experienced asymptomatic changes [22].

Proteasome Inhibitors Proteasomes are macromolecular com-
plexes that conduct intracellular protein degradation. However, 
recent research indicates that proteasome protein degradation is 
directly linked to cell cycle and apoptosis. Consequently, protea-
some became a potential target to anticancer drugs. A phase II 
clinical study in multiple myeloma reported thrombocytopenia, 
neuropathic pain, nausea, vomiting, constipation, diarrhea, neu-
tropenia, and anemia [23].

Thalidomide and Derivatives Thalidomide is a drug developed 
initially as antiemetic and sleeping aid; however, due to its impli-
cations in severe children malformations, it was abandoned. 
Irrespective of its ADRs, thalidomide continued to be studied and 
have sporadic used. A new drug potential was detected in this spo-
radic use: It was effective against erythema nodosum leprosum 
and multiple myeloma. Anticancer effects are related to (1) inhibi-
tion of NF-kß transcription, (2) adhesion of myeloma cells to 
bone marrow stromal cells, (3) inhibition of growth factors 
(VEGF, FGF) production and TNF-a, and (4) enhance natural 
killer cell-mediated cytotoxicity.

In 2005, thalidomide received FDA approval, and its ADRs 
arise specially with long-term therapy: drowsiness, constipation, 
orthostatic hypotension, nausea, peripheral neuropathy, venous 
thromboembolic events, mood changes, pulmonary embolus, 
hash, and bradycardia [24].

11 Managing Issues: Tumor Lysis, Extravasation, Adverse Effects…



386

11.2  Tumor Lysis

Tumor lysis syndrome is characterized by massive disruption of 
the plasma membrane of cancer cells, which can be spontane-
ously or induced by treatment, mainly chemotherapy. The first 
description of this clinical situation was in 1929 by researchers 
Bedrna and Polcak in patients with chronic leukemia. At that 
time, there was no treatment for leukemia, and the finding was an 
abundant spontaneous cell lysis, changing laboratory biochemical 
parameters [25, 33].

In the seventies of the last century, the mass destruction of 
tumor cells was described in a patient with a gastrointestinal car-
cinoma, developing hyperuricemia and, later, renal failure. The 
imbalance between cell growth and death found in most tumors 
generates an abundant number of new cells originated from 
uncontrolled growth. The introduction of chemotherapy and 
radiotherapies leads to direct effects on the cell duplication cycle 
and, consequently, tissue death.

The acute effects of certain treatments or the inability to sup-
port the newly formed tissue can generate tumor lysis. The effect 
of this severe acute metabolic disorder is currently characterized 
by hyperuricemia, hyperphosphatemia, hyperkalemia, and hypo-
calcemia. This induces an emergency situation, if not recognized 
and dealt with quickly, and leads to the death of most affected 
people [26, 34].

When cancer cells are lysed, they release potassium, phospho-
rus, and nucleic acids (purines) which are metabolized to inosine, 
hypoxanthine, then xanthine, and uric acid in humans. 
Hyperkalemia can cause serious and occasionally fatal adverse 
events such as arrhythmias. Hyperphosphatemia is another com-
mon metabolite in these patients as tumor cells have about four 
times more phosphorus than normal cells. Hyperphosphatemia 
can cause secondary hypocalcemia, leading to neuromuscular 
irritability (tetany), arrhythmia, and increased muscle tone. There 
is the precipitation of calcium phosphate crystals in organs, which 
can cause kidney damage and nephritic colic [35–37].
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11.2.1  Hyperuricemia

The increase in uric acid in tumor lysis syndrome begins 48 to 
72 hours after cell mass degradation. Uric acid is a nitrogenous 
compound formed by two rings of nitrogen (N) and carbon (C) 
linked to hydrogen (H) and oxygen (O) atoms with general for-
mula C5H4N4O3. In the body, it is a metabolic product that is 
eliminated in the urine.

Urates are the result of the degradation of purine nucleic acids 
(adenine and guanine). Currently, the blood concentration of uric 
acid considered normal cannot exceed 7.0  mg/dL for men and 
6.0 mg/dL for women, and values   above are called hyperuricemia.

High levels of uric acid in the blood cause deposition of sodium 
urate crystals in other tissues and can lead to skin irritation (ery-
thema). As the urinary system is responsible for filtering the blood 
and eliminating uric acid, it is commonly affected when there is 
hyperuricemia, and it can be affected by infections. In the kid-
neys, there may be the formation of kidney stones and, in more 
advanced conditions, acute or chronic renal failure. In the case of 
tumor lysis syndrome, the effect is acute and immediate, and if 
left untreated, it leads to kidney failure [30].

11.2.2  Hyperphosphatemia

Hyperkalemia is characterized by a serum potassium concentra-
tion greater than 5.5  mEq/L, according to the European 
Resuscitation Council, and the normal range for potassium would 
be between 3.5 and 5.5 mEq/L.

Potassium is a mineral that carries an electrical charge when 
dissolved in body fluids such as blood and is one of the main elec-
trolytes in the body. Potassium is essential for the functioning of 
nerve and muscle cells, and its excess directly interferes with their 
functions.

In tumor lysis syndrome, hyperkalemia also occurs after a 
large amount of potassium is released from tumor cells, prior to 
the disruption of the cell membrane, which is why the high levels 
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of this electrolyte increase 24 to 48  hours after chemotherapy, 
radiotherapy, or spontaneous injury. The rapid shift of potassium 
from cells into the blood can overwhelm the kidneys and result in 
life-threatening hyperkalemia.

Mild hyperkalemia causes few, if any, symptoms. When hyper-
kalemia becomes more severe, it causes abnormal heart rhythms. 
If the levels are too high, the heart may stop beating.

Diagnosis is made by measuring circulating potassium levels 
or associated with certain changes in the electrocardiogram 
(ECG).

Hypocalcemia, the decrease in calcium levels, is directly 
related to hyperphosphatemia, with very low values   in the circula-
tion. The total calcium concentration is <8.8  mg/dL (< 
2.20 mmol/L) in the presence of normal plasma protein concen-
trations or ionic calcium plasma concentration  <  4.7  mg/dL (< 
1.17 mmol/L).

Figure 11.1 summarizes the events that occur after massive cell 
death in the tumor microenvironment. The speed of tumor lysis 
generates a large number of metabolites and, consequently, acute 
kidney injury [29].

Chemotherapy - Radiotherapy - Spontaneous lysis - Cytokines - Growth Factor

Phosphates

Potassium

Calcium Lactate

Acute Kidney Injury Hyperuricemia

Apoptose Cell
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Fibroblast
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Regulatory T Cell

Dendritic Cell

Nucleic acids

Hyperphosphatemia/Hypokalemia

Acidosis Urates
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Fig. 11.1 Diagram of tumor lysis syndrome pathophysiology. Massive cell 
death in the tumor microenvironment results in acute kidney injury
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11.2.3  Malignancy and Tumor Lysis Syndrome Risk

After the conceptualization and characterization of TLS, numer-
ous tumors have been observed with the ability to induce the pic-
ture of rapid cell damage and its consequences spontaneously or 
under treatment [38–40]. Currently, neoplasms that can lead to 
TLS are divided into three groups: (1) low risk, (2) moderate risk, 
and (3) high risk [32].

The main low-risk malignancies are medulloblastoma, breast 
carcinoma, gastrointestinal carcinoma, rhabdomyosarcoma, ovar-
ian carcinoma, vulva carcinoma, thymoma, soft tissue sarcomas, 
metastatic seminoma, melanoma, prostate cancer, hepatocarci-
noma, hepatoblastoma, and pheoblastoma of colon [28].

Tumors that present moderate risk, usually associated with 
treatment, are multiple myeloma, breast carcinoma under treat-
ment with hormonal therapy or chemotherapy, small cell 
 pulmonary carcinoma, and germ cells and neuroblastoma in ova-
ries. Here, it is worth noting that these are the most common at 
moderate risk and that both chemotherapy and radiotherapy treat-
ments can lead other tumors that are not on this list to develop the 
syndrome [27, 41–44].

The neoplasms with high risk to develop TLS are high-grade 
non-Hodgkin’s lymphoma, myeloid leukemia, acute lymphoid 
leukemias, Burkitt’s lymphoma, and other high-grade hemato-
logic tumors) [31, 45].

11.3  Extravasation

Anticancer chemotherapy extravasation refers to accidentally or 
inadvertently inoculation of fluid or drug that finds a way into the 
surrounding tissues. In the chemotherapy context, the surround-
ing tissues refer to perivascular connective tissue initially that 
may follow a spreading to the closer organs or tissues of the leak-
ing site. Hence, clinical evidences are related to connective tissue 
responses to aggression, and they are related to (1) drug toxicity, 
(2) the amount of drug, and (3) how long it remained in the tissue 
[46, 49].
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The clinical aspects of the consequences due to drug extravasa-
tion determines its classification: (1) vesicant, (2) nonvesicant, 
and (3) irritant.

Vesicants are usually related to pain, edema, and erythema that 
potentially induce a blister formation and are accompanied by 
ulceration and necrosis if not treated. Additionally, they can be 
divided according to the tissue damage mechanism: (1) DNA- 
binding drug, which induces apoptosis cell death and (2) non- 
DNA- binding drug, which induces cell death through drug’s 
metabolization. Tissue damage is usually mild and improves over 
time [46, 49].

Irritants usually cause a transitory pain sensation and redness 
and are not related to necrosis; however, large volumes may cause 
ulceration.

Nonvesicants are usually related to mild reactions that are 
reported as mild inflammation and discomfort.

Estimative data indicates that extravasation occurs from 0.01% 
to 7% range in reported infusion procedures [46, 49, 51].

The main risk factors associated to extravasation are (1) blood 
vessels (veins) features (small, hardened/sclerotic, fragile, promi-
nent but mobile), (2) diseases related to impaired circulation 
(Raynaud syndrome, advanced diabetes, severe peripheral vascu-
lar disease, lymphedema, or superior vena cava syndrome), (3) 
coagulation disturbance or related increase of vascular permeabil-
ity, (4) vein access difficulties due to obesity, (5) sensorial defi-
cits, (6) difficulties in communication (children, senile dementia/
deficits, cerebral palsy), (7) prolonged infusion time, (8) inexperi-
enced staff, (9) multiple attempts/difficulties at cannulation, (10) 
unfavorable regions to cannulation, (11) bolus injections, (11) 
high-flow pressure, (12) inadequate choice of the equipment 
(peripheral catheter choice, size, steel “butterfly” needle), and 
(12) inadequate dressings.

Obviously, prevention of drug extravasation relies on well- 
trained, experienced personnel aware of evidence-based protocols 
and able to implement preventive protocols [47, 51].

Extravasation identification is suspected if the following signs 
were present: burning, tingling, discomfort, pain, swelling, or red-
ness in the site of the infusion. Blistering, ulceration, and necrosis 
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may ensue, depending on the drug toxicity. The signs that usually 
indicate extravasation are resistance of the syringe’s plunger, 
blood return absence, or interruption of the smooth delivery infu-
sion [48, 55].

In the case of extravasation suspicion, a series of strict mea-
sures (protocol) should be followed: (1) Cannula should not be 
removed immediately, and (2) differential diagnostic should be 
conducted.

Differential diagnosis is mandatory because some anticancer 
drugs can cause local reactions similar to extravasation, even if 
correctly administered (skin erythema in the site around the can-
nula, in the accessed vein, local itching and urticaria) [51–55].

The chemical phlebitis (vein inflammation) may induce burn-
ing sensation in the cannula site, in addition to cramping, and it 
should be considered in differential diagnosis.

Immediate initiation of the treatment procedures is vital, and 
patient collaboration in symptoms identification is important.

Unspecific measures include the following: (1) Immediately 
halt and disconnect the infusion. The needle is maintained in 
place. (2) Identify extravasated agent. (3) Aspirate (if possible) 
extravasated agent, register the volume in patient record, and 
avoid manipulation of the region. (4) Mark the region with a pen. 
(5) Notify the physician and start specific measures.

Specific measures include an initial approach that is based in 
corticosteroids (hydrocortisone) injection site to avoid or amelio-
rate connective tissue defense response and reduce incidence of 
surgical debridement due to necrosis in the region.

Sodium thiosulfate is successfully used to inactivate extrava-
sated DNA-binding drugs in subcutaneous administration route 
[51–55].

Dimethyl sulfoxide (DMSO) is an ordinary substance that has 
a potent solvent property and penetrates easily in tissues when 
topically applied. DMSO displays a free-radical scavenging prop-
erty that enhances inactivation of the extravasated drugs from sub-
cutaneous tissue.

Dexrazoxane is the antidote used to reduce cardiac toxicity in 
patients that received anthracycline-based chemotherapy. It is 
considered that the reduction of the cardiotoxic effects, induced 
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by anthracyclines, is based on its capacity to chelate free and 
bound iron, reducing the formation of anthracycline-iron com-
plexes, and consequently the generation of reactive oxygen spe-
cies that are toxic to cardiac tissue.

Nonvesicant extravasated drugs are dealt very conservatively 
with local dry cold compresses.

Nevertheless, pain states that last more than 10 days and unre-
solved tissue necrosis are approached with surgical procedures. 
The surgical method consists of a three-dimensional removal of 
the necrotic tissue, a temporary coverage using biological dress-
ings, accompanied by harvesting and storage of a split-thickness 
skin graft. Graft application is conducted only after the wound is 
clean, which usually is in 2 or 3 days. An alternative, and more 
recent, surgical procedure is subcutaneous washout. However, 
this surgical technique requires an experienced surgical unit [50].

In any event of extravasation, a detailed report must be done. 
Irrespective of different types of documentation used in diverse 
health centers, some items are obligatory for legal purposes and 
include (1) patient name and number (if applicable), (2) date and 
time of extravasation, (3) name of drug extravasated and diluent 
used, (4) signs and symptoms (also reported by patient), (5) descrip-
tion of the administration access, (6) extravasation area and the 
approximate amount of drug, (7) management steps with time and 
date, and (8) patient be informed about the event [51–55].

11.3.1  Others: Chemotherapy-Induced 
Emergencies

Anticancer drugs produce a not unconsidered amount of ADRs. 
Most of them can be predicted based on literature and clinical 
experience, and consequently, they can be prevented or, at least, 
diagnosed to avoid or reduce patient suffering. However, some 
types of predicted ADRs may occur in a disproportionally high 
intensity or an unpredicted ADR may occur. These types of occur-
rences are fewer than 1%, but they are potentially life-threatening 
and are defined as chemotherapy-induced emergencies. [57].

L. Frigo et al.



393

Emergency management is a challenging clinical situation that 
demands a prompt diagnostic and immediate institution of the 
treatment.

Life-threatening cardiac arrhythmias  – Benign arrhythmias 
that are anthracycline induced are usual, but there are several 
reported cases of malignant arrhythmias with sudden death.

Acute pneumonitis  – It is characterized by an acute-onset 
breathlessness accompanied by a diffuse infiltrate in the lungs. 
Acute pneumonitis is a potentially lethal complication induced by 
bleomycin, methotrexate, and cyclophosphamide.

Acute respiratory distress syndrome – It is characterized by a 
severe rapid-onset dyspnea with refractory hypoxia caused by 
gemcitabine, cytarabine, cyclophosphamide, methotrexate, and 
docetaxel. Mortality rate is high (40–65%).

Acute hemolytic anemia – Acute hemolytic anemia common 
symptoms are acute back pain, fever, and rigors. It has been 
related to cytotoxic compounds (fludarabine, cisplatin, carbopla-
tin, oxaliplatin).

Acute pancreatitis – It can be caused by many chemotherapy 
drugs, but the phenomenon seems to be rare and poorly under-
stood.

Cerebrovascular accidents – Some anticancer drugs (cisplatin, 
methotrexate, fluorouracil, L-asparaginase) increase the risk of 
stroke.

Reversible posterior leukoencephalopathy syndrome – It is a 
neurological disease characterized by headache, seizures, altered 
mental state, and visual disturbance. The syndrome has been asso-
ciated with gemcitabine, cisplatin, cytarabine, cyclophosphamide, 
methotrexate, ifosfamide, and etoposide.

Drug-induced hepatotoxicity – Drug toxicity is related to dif-
ferent types of mechanisms (cholestasis, veno-occlusive disease, 
hepatic necrosis) that are related to the use of gemcitabine, 
docetaxel, and liposomal doxorubicin. Death due to fulminant 
hepatic failure has only been reported in a few cases.

Acute arterial occlusion – Acute limb ischemia due to large- 
vessel arterial occlusion is a rare event that is commonly related to 
cisplatin-based chemotherapy [56, 58].
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The role of the pharmacist in oncology is relatively recent in 
Brazil. The activity with the multidisciplinary team is essential for 
the quality treatment offered to the patient. In addition, the perfor-
mance of the pharmacist has a direct impact on reducing the 
employee’s occupational risk, reducing costs for the company, 
improving the quality of service provided to the patient, and dis-
posing of hazardous chemical waste. Service standards must be 
guided by quality standards and safety processes. The objective is 
to allow establishments to have positive results both in the quality 
of patient care and in the company’s results. To start discussing 
planning and management, we first need to understand concepts. 
It is interesting to note that there are several schools, so the defini-
tions may vary depending on the authors. The provocation that 
arises from this comment is that there is no right or wrong, but 
possibilities that need to be evaluated according to the peculiari-
ties of each establishment. Based on these concepts, we have the 
following discussions: pharmaceutical care vs. pharmaceutical 
care, supply chain, scheduling and procurement, stock manage-
ment techniques, storage and stock control, bag preparation, bag 
production safety, people management, and indicators in the 
oncology pharmacy.

12.1  Concepts and Definitions

 1. Strategy: decisions that establish the organization or individu-
al’s position in the environment. This is the focus that must be 
expressed in behavior, either explicit or implicit.

 2. Planning: is the translation of strategies and efforts to generate 
projected results.

The level of complexity of work relationships related to the 
health sector is increasing. We are facing even more participative 
consumers, healthcare operators acting in the revenue cycle, com-
petition, and high costs. In this way, it is possible to insinuate that 
the strategy is the best path for the success of this type of under-
taking. When designing the path, we must evaluate the following 
criteria:
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• Long-term survival: operational continuity with quality patient/
customer deliveries.

• Sustained growth: positive evolution over time and mainte-
nance of the financial health of the business without reducing 
the level of service.

• Adequate profitability: compatible return on investment.
• Capacity for innovation: flexibility in the market and genera-

tion of new processes, products, and services.

In this way, we can say that the strategy consists of determin-
ing the steps of a company, often with assessments and percep-
tions that are not always accurate, which may be impacted by 
variations related to the complexity of the environment. Strategies 
must contain the following characteristics:

• Analysis of market and company results.
• Innovation.
• Compatible with company resources.
• Promote people’s development and commitment.
• Follow company principles and values.

12.2  Pharmaceutical Assistance X 
Pharmaceutical Attention

Pharmaceutical assistance and pharmaceutical attention comprise 
concepts of health care in society. Both have their own concepts 
and different processes.

Resolution No. 388 of May 6, 2004 defines pharmaceutical 
assistance as a “set of actions aimed at the promotion, protection 
and recovery of health, both individual and collective, having the 
drug as an essential input and aiming at access and its rational use. 
This set involves the research, development and production of 
medicines and supplies, as well as their selection, programming, 
acquisition, distribution, dispensing, quality assurance of prod-
ucts and services, monitoring and evaluation of their use, with a 
view to obtaining concrete results and improvement of the popu-
lation’s quality of life.”
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Pharmaceutical attention is a concept defined for the first time 
in 1990 by Hepler and Strand as “the responsible provision of 
pharmacological treatment with the purpose of achieving con-
crete results that improve the quality of life of patients.”

Pharmaceutical assistance and pharmaceutical attention are 
two definitions that sometimes get confused. It is noticed that both 
concepts place the pharmacist in the patient care process; that is, 
they seek to ensure the integrality of health actions.

12.3  Supply Chain

The supply activity of hospitals and clinics is no longer seen only 
as an operational activity of low relevance. When we talk about 
scheduling, acquisition, storage, and inventory control, we make 
clear the need for knowledge in management, business organiza-
tion, and even pharmaceutical legislation and deontology.

The decision to keep stock or consignment and the operational 
condition of putting the logistics strategy into practice has a direct 
impact on the institutions’ cash. If you buy more, you decrease the 
risk of stockouts, but you accumulate assets and stop stock deval-
uing on the shelves. If you buy less, it improves the cash flow and 
smoothes the volume of payments to be made, but puts the conti-
nuity of treatment at risk with the possibility of stockouts, for 
example, due to a lack of input in the market. Finally, what we are 
looking for is balance, how we can maintain inventories with a 
good safety margin, not negatively affecting the company’s cash 
that is maintaining its financial competitiveness in the business.

For Chiavenato, administration is the vehicle through which 
organizations are aligned and guided to achieve excellence in 
their actions and operations to achieve results. The concept 
involves directing actions with certain resources to achieve the 
objective. In addition, a big question is to be able to use the 
resources within an oncology pharmacy in a context that guaran-
tees the supply of medicines and/or materials within an optimized 
flow, because medicines and materials represent a large part of the 
logistical costs of an institution.
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A complicating factor is that oncology pharmacies have a fluc-
tuating demand and resupply cycle, which entails a degree of 
uncertainty in the availability of the products. In addition, we deal 
with a scenario of increasing costs, explained also by the tech-
nologies.

Given the context, the Pharmacist needs to seek tools that 
allow controls required for inventory management, including the 
involvement of information technology, which makes the use of 
software essential for decisions.

12.4  Programming and Acquisition

The first question is to understand what kind of institution the 
professional is inserted in. We need to assess whether it is a public 
or private company, accessibility to suppliers, public served, and 
financial resources.

The inventory management challenge is to maintain the need 
to invest as little as possible in inventory while at the same time 
meeting the patient’s needs adequately [9].

Most pharmaceutical services use historical consumption as an 
acquisition criterion (partly by facilitating analysis and planning). 
However, the market already has software capable of generating a 
forecast of future consumption, based on protocols registered in 
hospital information systems (HIS). In this way, the consumption 
ratio for a given period analyzed, added to the delivery conditions 
(classification 123) and other points favorable to the analysis such 
as the ABC and XYZ classification, can generate direct impacts 
on inventory turnover and relief to institutional cash, given that 
we are talking most often about high-cost drugs, commonly used 
in oncology. In all programming methods, whether by epidemio-
logical profile, service offer, historical or adjusted consumption, 
there are advantages and disadvantages. It is recommended that 
the adjustment be a combination of the various methods, for better 
programming adequacy [8].
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12.5  Inventory Management Techniques

12.5.1  ABC Classification

The ABC classification allows the pharmacist to individualize 
attention by drug group. The ABC ranking is also known as the 
Pareto ranking (80% of your results depend on 20% of your effort) 
and aims to identify the product by a value reason. Items rated 
“A” are those that correspond to a small number of items and 
represent about 80% of the stock value. Items “C” are low value 
and high volume. Items “B” are of quantity or intermediate value; 
that is, they are those of average quantity and values in relation to 
items A and C. [8, 9]

12.5.2  XYZ Classification

The XYZ classification takes into account service levels such as 
service, local support, and others, always considering the critical-
ity of the item for the activity. [9]

• X classification: low criticality, lack does not paralyze the 
activity, easy acquisition, and possibility of an equivalent to 
replace.

• Y classification: medium criticality, the fault can interrupt the 
activity and can be replaced by another material.

• Z classification: lack can interrupt activities and put people at 
risk, with no possibility of replacement by an equivalent prod-
uct.

12.6  Storage and Inventory Control

Inventory control can be defined by the set of activities of registra-
tion, control, and analysis of movement that verify the amount 
needed to be purchased (how many) and the appropriate period 
for the purchase (when) in order to allow the company to continue 
operating. [9]

F. S. dos Santos et al.



405

The storage of health products can be centralized (PSC – phar-
maceutical supply center) or decentralized (satellite pharmacies). 
They involve receiving, storing, parameters for conservation, stock 
control, and security. Some of these activities can even be out-
sourced, depending on the size of the operation and if it is under-
stood that it is not the institution’s core business and that there may 
be improvement in the quality of delivery of the service provided. 
In any case, the institution’s strategy will define the best path to be 
followed, being a good way to detail or define the storage and dis-
tribution strategy, making use of Portter’s SWOT analysis.

The pharmacist must guide their actions by operating proce-
dures for proper storage and handling of products. This action is 
necessary to ensure reproducibility and safety of processes. 
Definitions need to take into account current legislation and ongo-
ing staff training.

Another relevant process is the systematic inventory process. 
The inventory can be an action that enables the identification of 
failures, in addition to directly affecting the replacement of inputs 
and possible stockouts. Accounting audits and transparency in 
inventory processes are extremely important to demonstrate finan-
cial efficiency and sustainability of institutions.

The pharmacist interested in working in the supply chain 
should seek to improve their knowledge of statistics, administra-
tion, and legislation. It should be noted that information technol-
ogy plays an important role in sustaining the actions of the 
pharmacist. Finally, the entire process must be based on the effects 
of decision-making.

12.7  Bags Preparation

The advance of oncology was not limited only to new lines of 
treatment. Over the years, there was a need for progress in relation 
to the way in which medicines are cared for, understanding of cur-
rent legislation and structural importance and processes, with the 
objective of optimizing resources, promoting pharmacoeconomic 
actions, and ensuring free production (bags) of risks to patients 
and professionals involved.
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The understanding and use of a clean area are classified as 
essential in the production of manipulated bags and favored the 
creation of more robust and prepared environments for the devel-
opment of activities safely. Therefore, there is a need to change 
processes. Before, the activity that was very close to the extension 
of patient care becomes more industrial, requiring the insertion of 
new concepts for better use of physical space and increasingly 
issues such as certification, validation, calibration, production 
line, volumetry, production peak, and many other concepts.

The service models of service will directly influence the way 
of operation of the compounding pharmacy. Understanding the 
business model in which the institution is inserted will determine 
the design of the best processes and flows.

Institutions that work with anticipation of manipulations (pos-
sible practice due to consultations and prescription releases on the 
day and/or period prior to the infusion) need to establish agree-
ments with nursing regarding request times. Thus, there is a large 
volume of orders within the same period, but with a longer period 
for preparation, and the pharmacy team is responsible for evaluat-
ing the physical-chemical stability that will determine when the 
item can be prepared and sent to the infusion unit. As an advan-
tage, there is a reduction in headcount for the demand and the 
main risk involved is the loss of the drug, due to the absence of the 
patient.

The model based on simultaneous releases after the patient’s 
arrival reduces the risk of drug losses, but it requires a greater 
number of employees involved in the production line, as the 
“urgent” queues increase considerably. It is necessary to establish 
the delivery time of the prepared bags, in addition to being able to 
signal the quick application drugs, for example, those that do not 
require pre-chemotherapeutic drugs, to prevent these patients 
from spending too much time waiting. This signaling becomes 
useful for the team and allows for greater turnover in infusion sta-
tions, increasing the service capacity and improving the patient’s 
experience, an important point to be considered, since the  criterion 
for choosing which oncology center the patient is will perform the 
treatment is multifactorial.
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The understanding that the pharmacy is strategically linked to 
the patient’s experience increases the responsibility for managing 
processes and routines, cooperating with the satisfaction and the 
result of the NPS (net promoter score). It is a methodology cre-
ated in 2003 by Brain & Company. The objective is to verify, 
through a rating from 0 to 10, how companies deal with their cus-
tomers, where from 0 to 6 they are classified as detractors, poten-
tial complainants and customers who will poorly evaluate the 
service. The evaluation from 7 to 8 are neutrals and 9 from 10 are 
promoters, potential customers who will be loyal.

Therefore, questions like “What does the customer want?”, 
“What is value to them?”, “What is your expectation?” are impor-
tant to define pharmacy strategies. Imagine a client with active life 
and disease under control visiting the oncology clinic for admin-
istration of medication with a 30-minute infusion. Many benefits 
and advantages can be offered to this patient, but a delay in the 
delivery of the drug that causes a very long stay will certainly 
affect their experience and relationship with the institution [10].

There is no better or worse model, work options that need to be 
carefully evaluated and check what is most suitable for the institu-
tion. Indicators of scholarship losses and their reasons, reschedul-
ing rate, unit occupancy rate, and average hours of occupation of 
management posts can support decisions in an assertive manner. 
Services with large volumes of preparations benefit from the first 
model, being able to optimize the use of medications, reduce the 
queue, and make the service faster. Services that do not have large 
volumes, as well as have no problems with occupancy, benefit 
from the second model. Therefore, the study of workflow and pro-
cesses is essential for this decision.

Understanding the preparation pharmacy as a business unit and 
assistance as a client of this service favors the administrative pro-
fessionalization of the pharmacy management, not only as the 
guardian of medicines, but also as a generator of resources and 
one of the pillars for the patient experience, resulting in better 
institutional performance in terms of resources for materials and 
medicines, as well as service capacity. It presents, therefore, a 
new scenario for pharmacists within this context.
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12.8  Safety in Bags Production

Combined with the productive importance, we have the safety of 
preparation. Neglecting the need to establish standards favors the 
possibility of errors, which can be fatal especially when dealing 
with drugs with a narrow therapeutic window and with many par-
ticularities.

Studies from 2014 show that hospitalized patients are subject 
to at least one medication error per day, estimating that per year in 
the United States, there are 7000 deaths due to these errors. It’s 
like a large plane crashing every 18 days, which would draw a lot 
of attention. Faced with such a dangerous scenario, we have the 
production of medicine bags, and bringing with them their own 
brands, learning, and challenges to be increasingly safe for 
patients and professionals [11].

Currently, post-handling check methods, precision balance, 
light exposure check etc., are not common in most countries and 
pharmacy services. In addition, the subsequent check is more like 
redundancy and registration than process security, since the bag 
will already be ready and it will be necessary to repeat the activity. 
Therefore, what must be done for the process to end correctly, 
without variation from what was expected, is to develop robust, 
clear, feasible processes to ensure that all steps are adequate and 
assertive. As a result, there will be well-finished products.

12.8.1  Separation

Inventory organization and visualization act as barriers to failure. 
Commonly, drug makers leave their brands as marketing on their 
boxes, and as a result, they have many drugs that look similar and 
have similar names. Identifying these similarities and working so 
that very similar items are far away is necessary and are present as 
a mandatory error mitigation point in important national and 
international accreditation seals. The use of cabinets that allow 
the visualization of all items is also beneficial for reading before 
picking up the item, being able to use technology in its favor such 
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as RFID (radio frequency identification) for controls, traceability, 
and even billing. Having computerized systems that block items 
that are not in the requests is also very important. For this, we can 
make use of bar code, qrcode, and data matrix readings that favor 
the identification of the drug by the system and constitute an 
important barrier to avoid continuity of the failed process.

Even so, training is essential, as is the resolution of failures in 
the day-to-day operation so that the employee does not bypass the 
barriers created for safety in the process, since they are used to 
performing manual operation as a contingency process. It is 
important to understand and put into practice that contingency is 
an exception, clearly defining when it can be used.

12.8.2  Sanitation

Activity that until recently was presented as a microbiological 
control point has been shown to be an important barrier in a fail-
ure situation for the continuity of the process. The presence of a 
properly trained professional, as well as the availability of tech-
nology that allows viewing the request, becomes a double- 
checking point. At this time, the verification of the quantity of 
bottles, diluents, and materials that will be used in the preparation 
can be verified.

12.8.3  Preparation

The preparation itself is easy to explain; however, it involves 
many nuances that highlight the latent need for professionals with 
knowledge of the process, but also of medicines. It is necessary to 
break the barrier of the professional who goes on autopilot. Peter 
Drucker, great master of management as a discipline, said: “It is 
common that when we do something for years on end, we go into 
automatic mode of operation, one in which we are aware and 
attentive, just repeating a very familiar pattern, being precisely it 
is at this time that we have lost sight of our great goal.” The phar-
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macist needs to be a cooperator and check barrier in the process: 
check dilution, prescription information with the system, label to 
be stuck on the bag, infusion line chosen according to the route to 
be carried out, respect for the characteristics of the drug. Knowing 
all this will greatly enhance security. This moment is crucial, 
since an activity performed incorrectly can lead to an underdose, 
overdose, and change of medication that will not be easily evi-
denced by the care team.

12.8.4  Dispensation/Shipping

During this step, checks related to the equipment used, diluent, dilu-
tion, identifications, label information, coloring for specific drugs 
(doxorubicin, mitomycin, mitoxantrone, methotrexate, among oth-
ers), if the infusion line is properly closed, use of all devices for 
safety, storage conditions (protection from light when necessary, 
refrigerated or at room temperature) are fundamental as safety barri-
ers. When necessary, identify the destination unit and ensure ade-
quate conditions during transport. It is worth highlighting the 
importance of recording the dispensing to ensure that the drug was 
delivered in ideal conditions, which will be important for the smooth-
ness of the process and for event investigations, if necessary.

We could categorize anticancer drugs in different ways: inject-
able, oral, dermatological, synthetic, or biological. Perhaps bio-
logicals need more attention due to their structural characteristics, 
as well as synthetic ones, due to their occupational risk. During 
transport, precautions are needed regarding the proper storage 
temperature, as in the case of biologicals, protein denaturations 
may expose epitopes in their amino acid chain, increasing the risk 
of immunogenicity reactions. Likewise, in the case of possible 
rupture of the bag for a cytotoxic product (most often synthetic), 
there is a need for barriers such as rigid transport boxes, spill, and 
registration kits, for future improvements.

In these steps, it is important to introduce some concepts to 
facilitate the execution of the processes. Visual communication, 
standardized work, demand study, and bulletin boards are some 
examples.
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Visual communication concerns the information needed to 
carry out the process. The view of the workbench, the places 
where the equipment should be and the best layout of the room are 
small details that help to resolve doubts quickly.

One can see the importance of visual communication in how 
city traffic is organized with the idea of reducing accidents. Health 
services need this understanding in the processes. During the exe-
cution, questions arise that interfere with the result: “Where to 
start? What is the best way? Where should the manipulated bags 
be? What is the identification pattern? How to identify that some-
thing is not adequate?” The absence of these communications 
favors that information is restricted to an individual; when this is 
done, it impedes the individual’s growth, and worse when he is 
not present, the pattern is lost. The reduction of professional vari-
ability is directly linked to the financial results of an institution.

Performing tasks in multiple ways is common. The lack of rep-
etition and reproducibility favors the opportunity for mistakes, as 
each achievement resembles a new process. The ideal is equal 
execution, so that you can assess process flaws, timing, and per-
formance. Standardized work differs from work instruction; it is a 
simple document with process images, directive phrases to ensure 
quick reference to the standard, avoiding unstudied variations in 
the process. However, individualized treatment creates some chal-
lenges, as the balance between the adjusted and standardized pro-
cess with the individual’s needs is necessary, and it cannot 
bureaucratize the final outcome, which is to ensure quality of care 
with sustainable processes.

Studying previous work demand, as well as monitoring to 
identify whether there is delay or potential delays, is important. 
Operational capacity calculations need to be part of compound-
ing pharmacy management. Data collection as a time cycle (time 
required from separation to completion of preparation), relating 
this data to demand, understanding narrowing, and understand-
ing the minimum number of employees needed to perform the 
task favor the establishment of plans for contingencies, dis-
placement of demands and employees, before failures occur due 
to inadequate assessment or more commonly due to lack of 
assessment. [12]
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Process narrowing is defined by the most stressful steps in the 
workflow, so speed and throughput will be limited for that specific 
period. Identifying and resolving narrowing is the first step to 
improve fluidity and eliminate unnecessary steps.

In the oncology production line, there are many possibilities of 
narrowing. Separation of materials and medicines, observation of 
physical space, number of employees and computers, and the 
variability of items separated at this stage may reveal the presence 
of queues. Queues make the pharmacist stop handling the kit to 
wait for a new kit, sanitization working at a slower pace than pos-
sible, and delays are generated.

Example: a pharmacy has a 15-minute time cycle for preparing 
a bag, that is, from the beginning of the separation of items until 
the bag is ready, it takes 15 minutes. Therefore, under the same 
conditions, in 1 hour it is possible to handle 4 bags. Mapping the 
process, we have the following situation:

• Separation = 8 minutes.
• Sanitization = 2 minutes.
• Preparation = 3 minutes.
• Dispensation = 2 minutes.

It is verified that the separation takes a long time, so it is neces-
sary to understand which variables are involved to be worked on. 
Knowing that on any given day there will be a demand for 20 bags 
of patients who will be seen between 9 am and 11 am, we have:

Required demand/operational capacity  =  20/8 (2  hours of 
work) = 2.5. So the need will be 2.5 times above the production 
capacity, with potential delays and, therefore, prior actions are 
necessary.

Anticipating demand, eliminating the separation queue, includ-
ing another professional in the preparation, and reducing the 
 waiting list are some valid options to avoid the accumulation of 
demand that favors conference failures.

In continuation: of the 20 bags, 8 were anticipated. Thus, when 
requested, they will not undergo separation and cleaning (reduc-
tion of 10 minutes per bag and 80 minutes in total). That leaves: 
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12 (demand) / 8 (operational capacity) = 1.5 and becomes less 
uncomfortable, with 1.5 times over capacity.

The example is simple but demonstrates the importance of 
knowledge of workflow and runtimes. Studies on value stream 
mapping are needed to reduce unnecessary steps, takt time (work 
rate time), and lead-time (waiting time). For the proper manage-
ment of these points, these concepts must be present in the daily 
life of the pharmacist.

In the industry, there is the concept of Andon (Japanese word 
for lamp) which advocates light and sound signals to inform if the 
procedure is adequate (green) or if there is a problem (red), as 
well as traffic lights (the important thing here is the concept 
behind it). In the face of a failure, the process needs to stop, even 
in the health area; unfortunately, continuity is common, finding 
some ways to skip steps. Developing a quick intervention proce-
dure in case of failures is important to avoid the continuity of the 
error, already illustrated by James Reason in the Swiss Cheese 
Theory. Errors are the result of several previous failures and elim-
inating one by one is the way [12, 13].

12.9  People Management

In the health area, it is common to form leaders by the group of 
healthcare professionals who have stood out in their previous 
careers. The good side of leadership is knowing the work process 
and the difficulties inherent in it. However, the disadvantage is 
that generally this professional has not been prepared for activi-
ties of a management and administration nature, whether of peo-
ple and processes. Such professionals are shaped over time, but in 
a world of great transformations, this period can be exhausting for 
the institution, for employees, and for leadership.

Corporate saying goes that people are hired for their skills and 
fired for their behavior. It’s a big reality, but there are some unan-
swered questions within that context. How are health environ-
ments prepared for development, to shape some behaviors? What 
is the management culture developed by the institution and what 
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is the real culture? How clear are the values and how are they fol-
lowed? Is the culture of safety and respect present? Are processes 
improved? Is there a continuing education program aimed at tech-
nical development and social skills? Is the environment harmoni-
ous, does it allow for new ideas, or is it a hostile and oppressive 
place?

There are many points that interfere in people management. 
The professional who leads needs to be attentive and engaged, as 
well as dealing with these and many other daily variables. 
Knowing how to control and balance these nuances will lead the 
reduction of turnover and, therefore, will maintain an expert team, 
reducing the need to prepare new employees.

It is important to emphasize that although a leader does not 
have some ideal characteristic for the development of his team, 
the leader’s mindset (and also of his team) can be developed, 
trained, and stimulated. It is necessary to develop the leader within 
administrative and management nuances for full training and con-
sequent evolution within the services [14].

Among the various tasks required, selection, development, 
monitoring, feedback, and promotions stand out  – all within a 
respectful, transparent and fair strategy. A great challenge.

12.9.1  Selection

Many conflicts are created by misalignment of expectations that 
start with the selection of professionals. This step must be con-
ducted with the greatest possible transparency, avoiding key 
information (pay, hours, workload, benefits, responsibilities, 
workplaces) without any surprises after a choice has been made. 
These points need to be subsides for decision-making. Frustrations 
are common within the work environment, arising from failures in 
communication and understanding at this stage.

It is essential to establish criteria for team selection, look for 
profiles that add potential communication skills, group interac-
tion, leadership development, responsibility, and awareness, and 
rely on the human resources sector to create a script of questions 
that evidence these qualities and call for selection by compe-
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tences. However, it is necessary to mix with technical knowledge 
to develop evidence of knowledge in the area and situations 
through problems that can demonstrate the ability of that candi-
date’s immediate performance. In addition, understanding the 
profile of the institution’s vacancy and culture is vital to getting it 
right at this time.

12.9.2  Development and Monitoring

The existence of a development plan, sometimes in manual form 
and a checklist, favors the direction of what must be learned first, 
establishing who will carry out the training and what this employee 
needs to achieve to meet the expectations of the function.

Balancing technical and behavioral development training sup-
ports the development of a work culture. Inserting this employee 
in the full context of the institution and promoting lessons on how 
macro-processes and policies work are important supports.

The continuing education program must be established at least 
annually and, for that, the main flows can be considered, as well 
as the recurrent problems and events in the last period. In general, 
the repetition of errors comes from poorly designed processes.

Understanding the monitoring and improvement of routines 
must be present in management: these are essential actions for 
initial training, however of equal importance for older employees. 
It avoids the execution of processes that for years are not eluci-
dated in relation to the purpose, an action that invariably impedes 
innovation and, therefore, including employees in the construc-
tion of standards and understanding the difficulties allows better 
performance and use of the workforce.

12.9.3  Feedback

To paraphrase Charles Kettering, finding a problem is half the 
solution and feedback should be seen as leadership and team align-
ment. The hardened and tragic concept surrounding this action 
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must be in the past. Using the right tools and making the procedure 
natural favors frank and constructive conversations [15].

Having a feedback routine, whether good or bad, is important 
for aligning the direction you want to follow. In building pro-
cesses and a team, conflicts and mismatches are and will be com-
mon. Allowing them to take a larger proportion than necessary is 
optional.

Leaders need to be trained for the most varied situations, from 
the most ordinary to difficult and personal conversations, which in 
many situations permeate processes, but impact work relation-
ships. Knowing your team and tracing the behavioral profile will 
help you handle the most varied themes. Choosing a place and 
time are crucial for the success of this action. Having emotional 
skills and using appropriate words make a big difference. Conflicts 
are much more related to the way of speaking than to what was 
said. The choice of reserved and uninterrupted places preserves 
the collaborator.

Some situations require special interventions, senior leader-
ship, human resources, and health issues. It is important to evalu-
ate and not centralize the solutions themselves. Dividing the 
problematic issues is beneficial for the institution and the 
employee. Remember that success is an option, not an obligation. 
Understand the limits of the employment relationship.

12.9.4  Promotions

Recognition of a job well done needs to be part of the institution’s 
culture, linked to real gains for employees in the form of remu-
neration, benefits, or privileges. The development of a culture of 
reward for merit/effort promotes individual motivation and the 
possibility of not losing professionals, avoiding becoming just a 
recruiter and developer of professionals for the market.

Establishing clear and fair criteria for participation in internal 
processes favors the maintenance of the work environment in the 
institution, avoiding the feeling of undue favoritism.

Despite being a benefit, promotions should be well studied, as 
they can generate many conflicts, as well as exposure of the pro-
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moted employee. It takes discernment not to lose important pieces 
at the operational level and place them in certain situations with-
out the proper training and skills.

12.9.5  Task Distributions

Identifying the skills of employees allows distribution of tasks 
and development in multiple activities. Defining whether it will 
have more specialists than generalists, or the opposite, is a chal-
lenge to the leadership, which has to analyze not only the indi-
viduals, but also the volume of tasks and headcount available to 
them. It is common to find individuals who do not know or do not 
manifest their abilities. Leadership has to pay attention to perfor-
mance and encourage job changes.

Forgetting can be avoided through the scales, which contribute 
a lot to this stage: planning the tasks, which person will do it, and 
when the person will do it. The overload of an employee stimu-
lates the development of knowledge / improvement about new 
processes. The need to get the job done may seem very clear, but 
responsibility and direction remain paramount to getting it right.

12.10  Drug Management

The management of medications is increasingly important for the 
financial health of institutions. In oncology, this theme is high-
lighted, given the high cost of drugs used in treatments.

Failures in this management, from entry to exit, are common 
and often compromise the entire service chain.

12.10.1  Acquisition

For institutions that are just beginning their activity, this stage is a 
challenge since without a history of consumption, incorrect pur-
chases can occur, which generates inventories and high operating 
costs. To this end, some measures can be taken to minimize this 
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impact: establishing the treatment profile that will be carried out, 
for example. Still, it will involve many variables that can lead to 
drug shortages, affecting and influencing the experience of 
patients.

Initially, agreements with distributors are a favorable path. As 
a disadvantage (usually there is a higher cost in the purchase of 
items, but there are partnerships for quick availability), it can be a 
less traumatic path to maintain the stock, until the history and pos-
sibility of studying the variables are established. In general, this 
model has greater availability and variety of items; however, it 
requires greater control, especially because it is third-party stock.

Purchases of medication for oncology units must be linked to 
the institution’s business model. As they are high-cost treatments, 
they generally require authorization from health plan operators 
and/or the patient to perform them. Health plan operators rely on 
the need for scientific basis to endorse the medical decision and 
this will determine the permitted dose, drug brands, and presenta-
tions for use, as well as what material was used.

Organizing this flow is vital to establish a margin of days for 
drug acquisition within the expected specifications. Participating 
in decision-making groups and agreements with health plan oper-
ators, standardizing presentations, requested brands, and criteria 
established by the pharmacy can ensure better use of medicines 
and reduction of waste and glosses.

To facilitate this account in an oncological scenario, the use of 
A, B, and C classifications is very interesting. In addition to this 
classification, it is important to assess what the drug is indicated 
for, which line of treatment, whether there is a possibility of wait-
ing, etc. These factors will change the view of some ranking 
points.

A second classification with a difference between consumption 
and demand becomes important. Some institutions classify it as 
standard and non-standard. Consumable items are those with a 
consistent history of exit that generally have an indication for 
various types of tumors or for a tumor with high prevalence. They 
are the first line of treatment and are provided for in worldwide 
care protocols. Even if it is of high value, there may be days of 
stock, as the chance of loss is minimal. This action even allows for 
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better negotiations, based on closed contracts and purchases of 
larger quantities. Likewise, there are medications from the three 
classifications that are specific to some health conditions. Irregular 
consumption considerably increases the risk of these drugs being 
in stock and expired. It must be classified as demand and a fast 
acquisition flow must be created to avoid delays in starting/con-
tinuing treatment. So, regardless of the value, care must be taken 
when purchasing. Outdated therapies are a great example.

All of this is counterbalanced by the level of service that the 
institution wishes to offer its market segment. As an example, we 
can ask: “Do I always want to have a box of all drug options for a 
particular patient?” It seems to be interesting from the patient 
experience point of view, but it is certainly inefficient from the 
point of view of the resources allocated to this action. See the 
chart below:

Receitas

R$

Lucros

Custos
Logísticos

Nível de
Serviço Logístico 

In addition, it is important to highlight medications used in 
hematological emergencies. Some diagnoses require immediate 
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drug intervention, so there is no waiting time. This group of drugs 
should be available regardless of the financial risk, considering 
that the service has possible care in this specialty.

By providing the purchasing process with this information, 
decision-making tends to become simpler. Definition and moni-
toring of indicators for monitoring this process make manage-
ment more adequate. Information such as inventory turnover, 
days of coverage, supply lead-time, and comparison of purchases 
with consumption should be part of the daily life of an oncology 
pharmacy.

It is important to highlight that services inserted within the 
hospital context need different treatment for oncological drugs. 
Despite being similar, small differences promote large process 
disruptions.

The service includes the existence of medication (which may 
even expire), especially in the case of emergencies. This is the 
operating cost of the service and is different from having all the 
drugs at all times, even if it was a possible service offer or a 
choice. It is recommended that there be a balance between attend-
ing to emergencies without disruptions and quality losses and 
avoiding unnecessary waste of assets in stock. This is the oppor-
tunity cost defined by Peter Drucker: the company provides 
resources to carry out another activity. We must always start from 
the premise that the opportunity cost represents the second best 
alternative for what the company could do with its resources. For 
example: a hospital group chooses to invest in a new unit and not 
in renewing ICU equipment. Or when we define between two pro-
tocols for the same disease, making it just a standard for the insti-
tution. So your opportunity cost was not having the protocol that 
was the second choice. Finally, what we want with this strategy is 
efficiency in processes, extracting the highest levels of benefits 
possible for our company.

A great truth is that resources are finite, whether in the private 
or public area. Everything costs time and money and you have to 
manage resources in the best way to make more profit or serve 
more patients.
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12.10.2  Storage and Control

Purchases need to be matched with available storage space. In 
oncology, many medications are sensitive to temperature varia-
tions. Site evaluation and maintenance cost are essential to the 
process. Many institutions define processes based solely on cur-
rent legislation and good practice manuals. It is noteworthy that 
these documents establish the minimum for the operation of a par-
ticular service. The assessment of the risks involved that will 
determine the degree of control must be established for those 
items.

There is legislation determining the verification of the temper-
ature of medicine storage environments (closet, refrigerators, and 
rooms) at least three times a day. Since the 24 hours were due 
equally at three times, there will be a check every 8 hours. If a 
temperature deviation is found, some questions should be consid-
ered: “How long did this variation last? What were the  temperatures 
recorded? What medications were in place?” The lack of these 
responses increases the risk of losses from inadequate storage. 
Online monitoring technologies show themselves as an opportu-
nity to reduce these breakdowns. Minute-by-minute checks with 
alerts across multiple platforms allow for faster actions, ensuring 
the quality and use of medications.

The place must address humidity issues, in addition to keeping 
an eye on the external environment. There must be pest and dirt 
control, and assurance that the temperature is adequate through-
out the environment. All details must guarantee the best condi-
tions for the drug, even if it remains for considerable time on the 
shelf/refrigerator.

Controls through daily counts allow tracking of item usage, as 
well as tracking of breakdowns and deviations. It is important to 
consider that access controls and the use of cameras make it pos-
sible to detect situations and malfunctions more quickly, so that 
investigations can take place as soon as possible, whether due to 
procedural failure or effectively extra-institutional issue.
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12.10.3  Losses

The drug preparation process generates considerable losses, even 
with all the relevant controls. Dose individualization, which con-
siders body weight and surface area, has been characteristic of 
oncological treatments for many decades. This dose unitization, 
despite being beneficial to the patient, promotes a lot of wastage 
of medications. See below.

Medicine in the presentation of 50 mg with a unit cost of $ 
20,000.00 with a dosage of 1.2 mg/kg, prescribed for a patient 
weighing 62.5 kg with application every 15 days: 75 mg and 2 
vials will be needed (one whole and one half). Considering the 
stability of 24 hours after opening and having no patient to use, 
25 mg will be discarded, equivalent to $ 10,000.00.

This cycle is repeated several times a month and with other 
medications of varying amounts. At the end of the period, there is 
considerable discarded value. Many systems do not allow track-
ing of this waste, leading to a misunderstanding of waste. The first 
action is to measure this value, either manually or through avail-
able system adequacy.

With data available, evaluation tools are used to define the 
drugs with the greatest history of waste. The Pareto diagram is 
useful for defining the most impactful items by sorting the values 
down and comparing them to the total. The study proposed in the 
Pareto diagram establishes that 20% of the items studied represent 
80% of the impact on a process.

Line graphs show the evolution of the results achieved. They 
are ideal for use in monthly comparison views.

Example: counting of 20 medicines that generate waste during 
the month with the values available in the table.

Medicine Waste value

Med. 01 $ 1,24
Med. 02 $ 6.000,00
Med. 03 $ 514,00
Med. 04 $ 24,00
Med. 05 $ 17.542,00
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Medicine Waste value

Med. 06 $ 10.000,00
Med. 07 $ 241,00
Med. 08 $ 124,00
Med. 09 $ 54,00
Med. 10 $ 900,00
Med. 11 $ 5.000,00
Med. 12 $ 57,00
Med. 13 $ 21,00
Med. 14 $ 47,00
Med. 15 $ 12,00
Med. 16 $ 34,00
Med. 17 $ 97,00
Med. 18 $ 21,00
Med. 19 $ 0,50
Med. 20 $ 20.000,00

Sort in descending order and add up all items.

Medicine Waste value

Med. 20 $ 20.000,00
Med. 05 $ 17.542,00
Med. 06 $ 10.000,00
Med. 02 $ 6.000,00
Med. 11 $ 5.000,00
Med. 10 $ 900,00
Med. 03 $ 514,00
Med. 07 $ 241,00
Med. 08 $ 124,00
Med. 17 $ 97,00
Med. 12 $ 57,00
Med. 09 $ 54,00
Med. 14 $ 47,00
Med. 16 $ 34,00
Med. 04 $ 24,00
Med. 13 $ 21,00
Med. 18 $ 21,00
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Medicine Waste value

Med. 15 $ 12,00
Med. 01 $ 1,24
Med. 19 $ 0,50
Total $ 60.689,74

Define the magnitude of each drug in relation to the total. 
Waste value of each drug/total ×100. In this way, there is a visu-
alization of the items with the greatest impact.

Medicine Waste value %

Med. 20 $ 20.000,00 33%
Med. 05 $ 17.542,00 29%
Med. 06 $ 10.000,00 16%
Med. 02 $ 6.000,00 10%
Med. 11 $ 5.000,00 8%
Med. 10 $ 900,00 1%
Med. 03 $ 514,00 1%
Med. 07 $ 241,00 0%
Med. 08 $ 124,00 0%
Med. 17 $ 97,00 0%
Med. 12 $ 57,00 0%
Med. 09 $ 54,00 0%
Med. 14 $ 47,00 0%
Med. 16 $ 34,00 0%
Med. 04 $ 24,00 0%
Med. 13 $ 21,00 0%
Med. 18 $ 21,00 0%
Med. 15 $ 12,00 0%
Med. 01 $ 1,24 0%
Med. 19 $ 0,50 0%
Total $ 60.689,74

To define the most impactful items, add the percentage fre-
quency with previous accumulated. Thus, it will be available for 
analysis based on the Pareto study.
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Medicine Waste value % % Accum

Med. 20 $ 20.000,00 33% 33%
Med. 05 $ 17.542,00 29% 62%
Med. 06 $ 10.000,00 16% 78%
Med. 02 $ 6.000,00 10% 88%
Med. 11 $ 5.000,00 8% 96%
Med. 10 $ 900,00 1% 98%
Med. 03 $ 514,00 1% 99%
Med. 07 $ 241,00 0% 99%
Med. 08 $ 124,00 0% 99%
Med. 17 $ 97,00 0% 100%
Med. 12 $ 57,00 0% 100%
Med. 09 $ 54,00 0% 100%
Med. 14 $ 47,00 0% 100%
Med. 16 $ 34,00 0% 100%
Med. 04 $ 24,00 0% 100%
Med. 13 $ 21,00 0% 100%
Med. 18 $ 21,00 0% 100%
Med. 15 $ 12,00 0% 100%
Med. 01 $ 1,24 0% 100%
Med. 19 $ 0,50 0% 100%
Total $ 60.689,74

In the example, four medicines (20, 05, 06, and 02) represent 
88% ($ 53,542.00) of the total waste. Therefore, the main actions 
for reduction need to be connected with these drugs.

The pharmacist has the technical knowledge to evaluate ways 
to reduce these discards. They are: physical-chemical stability 
assessment, scientific literature on extended stabilities, dose vari-
ation studies, and use of smart scheduler.

The study of physicochemical stability must consider the man-
ufacturer’s information and extended stability studies, in order to 
define the criteria for the level of evidence, weight, and place of 
publication. Currently, drug information consultation platforms 
have this information.
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Once the drug has physicochemical stability, studies of micro-
biological conditions must be verified. Drug manufacturers tend 
to limit stability in the package insert, as it is not possible to guar-
antee the aseptic technique of each institution, and each organiza-
tion is responsible for managing this important parameter.

The media fill test is a simulation of aseptic operations, replac-
ing the product (medicament) with validated culture media, which 
are capable of demonstrating whether the designed process pro-
duces sterile products or not. The weekly control of areas and 
preparers complement the procedure’s safety screening measures, 
with regard to microbiological control. Tests are established by 
regulatory agencies in each country.

With the guarantee of the parameters, one can choose to use 
the leftover drug for other preparations as long as there is a guar-
antee that the drug will be under adequate storage conditions, free 
from contamination and under control after opening. In this way, 
it is possible to carry out the so-called reuse, which will minimize 
losses, generate more resources, and reduce the production of 
chemical waste.

Using that example, considering that the first medicine (Med. 
20) and the fourth (Med. 02) are in conditions of reuse, the 
expected reduction will be $ 26.000,00, which represents 43% of 
the total. This amount represents $ 312.000,00  in 12  months: 
important savings in resources.

When evaluating the step, it is necessary to adjust processes 
and structure that require investments to adapt the pharmacy and 
promote conscious and safe reuse. For this, it is necessary to 
assess the potential for reducing losses and waste, which will be 
the counterbalancing indicator for this process. Currently, the 
market has tested and validated devices that allow manipulations 
in a closed system and guarantee safety for the preparer. In 
 addition to promoting care, studies demonstrate the guarantee of 
product sterility for up to 14  days. It may be a faster and less 
costly alternative for the institution; however, the use of these 
devices does not exclude the need to follow up on mandatory tests 
and follow-ups.

In the impossibility of using the mentioned stabilities, making 
use of intelligent scheduling is a possibility of reducing losses. 
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The objective is to insert, on pre-established days, patients under-
going treatments with the same drug. Thus, leftovers from one 
preparation can be used in another without compromising the 
quality of the medicine. The challenges for performing this task 
lie in the multiple agreements that must be made with the medical, 
nursing, scheduling, and authorization teams.

Studying the real gain for such a movement cooperates for 
decision making, considering the cost-benefit of such changes.

Considering the initial example: on the same day of applica-
tion in the 75 mg patient, patient Y will be scheduled with a dose 
of 70  mg. It is possible to proceed as follows for the second 
patient: 1 bottle of 50  mg and 20  mg of the first preparation. 
Therefore, a supposed loss of 25 mg ($ 10.000,00) will become 
5 mg ($ 2.000,00): a reduction of 80%

Another possibility of having many patients on the same day is 
taking advantage of overfill. It refers to the surplus present in the 
ready-to-use medicine bottles. There are manufacturers whose 
drugs have about 10% more than the nominal volume.

In a certain drug, it is described that it has 100  mg/4  ml. 
Consider 25  mg/ml for manipulations. However, in that same 
bottle, it is possible to obtain 4.4 ml, that is, 110 mg. Thus, in a 
prescription with a dose of 420  mg, 16.85  ml (5 vials) will be 
needed. If each vial has 4.4 ml, it is possible to determine 17.6 ml 
with 4 vials (440 mg) and 0.75 ml (18.75 mg) will be left over for 
new preparation.

In a scenario of large volumes, it is possible to prepare doses 
with a smaller number of bottles in order to use the surplus. With 
the data from the previous example and considering a day with the 
use of 20 bottles, at the end of the day it would be 8 ml (200 mg) 
of use and, therefore, 2 bottles would not have been used. It is up 
to the institution to define how this process will be handled. Some 
institutions call it an economy; others call it overfill. The impor-
tant thing is to define flow for these items and establish adequate 
controls.

This method is of great importance in reducing disallowances 
by health plan operators because it can mean disagreement in the 
payment of the dose used/charged in the account. With the above 
method, it is possible to round up the volume of vials without 
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reducing doses, contemplating better use of the available resource 
and successive cost reduction chain, from handling to payment for 
the service provided.

Dose reduction should also be evaluated. There are guidelines 
published in respected worldwide databases in which reductions 
of up to 10% in the patient’s final dose do not alter the clinical 
outcome. In cases of drug administration (such as the example 
already mentioned) of a bag of a certain drug containing 440 mg 
(17.6 ml) in a final volume of 100 ml (e.g., saline solution), the 
final residue (prime) that remains in the gravitational equipment, 
which is discarded due to the impossibility of infusing the entire 
volume, can reach up to 10 ml of the final solution. The represen-
tativeness of these 10  ml, at a final solution concentration of 
4.4  mg/ml, reaches 44  mg, that is, 10% of the final dose. The 
above case is common to be observed in anticancer therapy ser-
vices that do not provide a specialist pharmacist. Even in this 
case, if we add a closed system device, added a 20 ml syringe with 
saline solution to wash the route in the equipment and with the 
objective of not generating the losses of the doses described 
above, we could easily conclude that 40 mg of the drug would be 
infused the most. It should also be added: the same that is usually 
done on a daily basis with 5 vials of that particular drug could be 
done with only 4 vials and the addition of the devices mentioned 
above.

The work described so far is fundamental for the development 
of the processes. Considering the context, we need to assess 
whether the parameters are in line with the company’s needs. For 
this, it is necessary to “measure” and “qualify” the work devel-
oped. We need to define indicators capable of measuring the qual-
ity and efficiency of our processes.

12.11  Indicators in the Oncology Pharmacy

Monitoring the quality and efficiency of health services in their 
entire context is essential and has proven to be increasingly 
important for decision-making within these services [16].
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The concern of health institutions in relation to the experience 
of customers, who are increasingly demanding with the services 
offered, quality certifications, and financial results that guarantee 
the sustainability and perpetuity of institutions, focusing on qual-
ity and safety, increases the need for constant improvements [17]. 
Given this new scenario, indicators or KPIs (key performace indi-
cators) are one of the most used tools to measure improvements 
and show them [17]. In health-related aspects, there are essential 
criteria for evaluating, monitoring, and validating the service 
offered. Among them are safety, quality, and the outcome of vari-
ous situations, in order to ensure that you have adequate assis-
tance that goes beyond the use of processes. To measure this care, 
there are indicators that can assess or monitor quality, with the 
main function of ensuring patient safety.

KPIs are valuable tools for measuring the performance of 
oncology pharmacy strategic activities and are already embedded 
in many sectors [22]. However, there are specific challenges asso-
ciated with implementation such as: having relevance to all stake-
holders; difficulty in measuring activities; lack of resources for 
data collection; limited understanding of indicators by pharma-
cists and what impacts they may have on the future of pharmaceu-
tical practice [19, 20].

Thus, there are some points that must be considered for the 
development of a KPI, including relevance and measurability 
[21]. Linked to this, the indicators have their great importance 
demonstrated by the ability to compare the levels of quality of 
health care offered by the clinical service [22]; elucidate the per-
formance of actions performed based on their organizational 
objectives, comparing the results achieved with their projection; 
financial impacts on the perspective of attention and care; degree 
of patient orientation and medication adherence that can influence 
their clinical outcomes; opportunity for weaknesses and points for 
improvement [23].

The information needed to measure quality can be obtained at 
any time during the process and is related to service satisfaction. 
The data collected communicates performance, strategy, results, 
control, and improvement, in addition to allowing benchmarking 
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between organizations [24]. To better understand and apply, we 
can divide it into four broad categories [25]:

• Strategic: analyze whether the goals are being achieved as 
planned, comparing the current scenario with the previous one 
and how it plans to be (e.g., inventory accuracy and losses).

• Productivity: aims to measure the level of efficiency of 
resources and inputs used from the assessment of deliveries 
(e.g., the number of bags produced and pharmaceutical inter-
vention).

• Quality: measuring the level at which activities are being car-
ried out, helping to understand any deviation or non- conformity 
that occurred during a process (e.g., guidance in patients on the 
beginning of treatment and contamination in the clean area).

• Capability: measure the response potential of a process in a 
given parameter (e.g., percentage of problems with suppliers 
and therapeutic failures) [25].

By monitoring the institution’s practices, opportunities for 
improvement are identified. These points are important and neces-
sary to support the management with regard to both administra-
tive/production issues and clinical pharmacy services, being 
essential for decision-making and prevention of complications, 
and thus provide adequate care for cancer patients.

12.11.1  The Application

The choice of KPIs must be planned and well defined by the phar-
macy management and, with this, develop an adequate and safe 
instrument for data collection. The lack of a precise instrument or 
mistaken data collection generates false results that may compro-
mise the reliability of the information, bringing negative results.

Given the scarcity of resources in health, given the increas-
ingly expensive needs in cancer treatment, measuring the quantity 
and quality of services provided to the patient provides the man-
ager with control over the productivity and efficiency of the activ-
ities performed, as an evaluation correct results in proper 
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management and better allocation of available resources [26]. 
According to Kaplan and Norton (1997), what is not measured is 
not managed and therefore cannot be improved [27]; the applica-
tion of this concept in oncology pharmacy management becomes 
vital for the sustainability of the business. The biggest revenue 
and the biggest cost of oncology still come from the use of anti-
cancer drugs and with the development of new drugs, with 
increasingly higher costs, it is necessary to measure and manage 
them.

12.11.2  Management in Practice

Through the indicators, it is possible to operationalize care, assess 
whether the process is really meeting the institution’s needs, and 
analyze points that need to be modified so that the defined goal 
can be achieved [28]. The monitoring of a single indicator does 
not translate faithfully to reality, requiring the association of sev-
eral for possible intervention [29].

The application of indicators in the management of oncology 
pharmacy aims to monitor the performance of the operation 
through the analysis of results and thus manage processes that 
make sense in the institution. Among these possibilities, we can 
check some applicability according to Table 12.1:

Table 12.1 Indicators applicable in oncology pharmacy management

Indicators
Number of chemotherapy bags handled in a given period of time
Manipulated drug delivery time
Loss rate during chemotherapy preparation
Cost for loss or diversion of chemotherapy drugs in a given period of time
Savings on manipulated drugs (accounting for leftovers and overfill);
Inventory accuracy
Purchase orders for urgent anticancer drugs
Request for purchase of non-standard medicines at the institution
Types and percentages of errors in the separation of drugs from the 
chemotherapy protocol
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Logistics and production activities (handling of chemothera-
peutic/antineoplastic drugs), ranging from drug acquisition to dis-
pensing, are important processes so that they are available at the 
right time for the patient and, together with the clinical pharmacy, 
act to ensure rational use and thus prevent drug-related problems.

Clinical pharmacy is defined by the American College of 
Clinical Pharmacy (ACCP) as “the science of health in which 
pharmacists provide patient care, optimize drug therapy and pro-
mote health and well-being centered on patient safety.” [30] The 
pharmacist performs this function through patient assessment; 
identification of drug therapy problems, such as necessity, safety, 
and effectiveness; carrying out follow-up evaluations and moni-
toring of medications and other activities [32].

Thus, the importance of clinical pharmaceutical services has 
gained great prominence in the hospital scenario and demonstrat-
ing that pharmaceutical monitoring of cancer patients is necessary 
for the detection and resolution of problems related to chemo-
therapy drugs is essential. For this, indicators are used as shown in 
Table 12.2:

Table 12.2 Indicators applicable to clinical pharmacy in oncology

Indicators
Pharmaceutical guidance for patients beginning venous or oral 
chemotherapy treatment (including hormone therapy)
Pharmaceutical guidance for patients changing their intravenous or oral 
chemotherapy protocol (including hormone therapy)
Adverse events related to chemotherapy infusion
Pharmaceutical interventions in the medical prescription analysis process 
(dose, dilution, interval of chemotherapy cycles, incompatibilities, 
dilution, infusion time, and others)
Pharmaceutical interventions in chemotherapy extravasation
Waiting time of patients when dispensing oral chemotherapy/patient 
satisfaction
Pharmacotherapeutic monitoring
Rate of notification of occurrences in the process of validation of 
prescription, separation, and handling of chemotherapy
Index of therapeutic failures (interrupted treatments)
Monitoring of patients using new active principles
Number of pharmaceutical interventions accepted by the care team
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Crucial point for the success of the indicators in the institution 
is to consider critical points and implement what is most neces-
sary and urgent to be monitored. It should be started with caution, 
always taking into account the issues of quality versus quantity. 
Remember that KPIs are quantifiable measures that will be used 
to track the institution’s performance and allow tracking of results 
over time [33]. Therefore, a correct analysis ensures the imple-
mentation of improvements in clinical practice and improves the 
quality of care, which is always a priority in the healthcare area, 
including safety, efficacy, and patient experience.

As presented, we are faced with concepts that need to be evalu-
ated according to the needs of each institution. What we want to 
bring in this chapter is that there is no right or wrong, but concepts 
and practices that need to be evaluated. For this, it is necessary to 
know in depth the processes and objectives to be achieved. We 
cannot fail to mention that processes are not static and that the 
pharmacist must always keep up to date.

We try to bring, in an objective and practical way, routines of 
the dilution center with regard to the management of processes 
and people, presenting minimum management criteria for the sus-
tainability of an oncology pharmacy.
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13.1  Pre-transplant Evaluation

13.1.1  Stem Cell Transplantation

Stem cell transplantation (SCT) is a treatment modality for some 
diseases that mainly affect blood cells, such as lymphoprolifera-
tive and myeloproliferative diseases, hemoglobinopathies and 
other malignant and benign diseases. SCT’s purpose is to replace 
the diseased bone marrow with normal cells, which may be from 
the patient himself (autologous) or from the donor (related or 
unrelated allogeneic) [1].
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13.1.2  Stem Cell Transplantation Indication

SCT is an increasingly used modality in the treatment of hemato-
logical diseases, whether hereditary or acquired. Table 13.1 shows 
the main indications of SCT [2, 3].

13.1.3  Pre-transplant Phase

SCT is a complex procedure that involves a long and complicated 
path for the patient. Transplantation carries a significant risk of 
morbidity and mortality in which the relationship between the 

Table 13.1 Commonindications for STC

Autologous 
transplantation

Neoplastic 
diseases

Multiple myeloma
Hodgkin’s lymphoma
Non-Hodgkin’s lymphoma
Acute myeloid leukemia
Neuroblastoma
Ovarian cancer
Germ cell tumors

Other diseases Autoimmune diseases
Allogeneic 
transplantation

Neoplastic 
diseases

Acute myeloid leukemia
Acute lymphoblastic leukemia
Chronic myeloid leukemia
Myelodysplastic syndrome
Myeloproliferative disease
Hodgkin’s lymphoma
Non-Hodgkin’s lymphoma
Chronic lymphocytic leukemia
Multiple myeloma

Other diseases Anemias (aplastic, Fanconi, and 
sickle cell)
Thalassemia major
Epidermolysis bullosa
Blackfan diamond syndrome
Severe combined 
immunodeficiency syndrome
Osteopetrosis
Mucopolysaccharidosis
Granulomatous disease

F. T. Ito et al.



439

need for transplantation and the disease risk versus the transplan-
tation risk should be considered [4].

In the pre-transplant phase, previous meetings should take 
place with patients, family members and caregivers to clarify each 
stage of SCT, and also all procedures to be performed. At this 
stage, the multidisciplinary SCT team should be presented and the 
patient should receive the necessary guidance before hospitaliza-
tion.

The results of this pre-transplant evaluation help to adapt the 
transplant modality, such as conditioning regimen, graft type, 
stem cell source, post-transplant strategy, and detection of any 
abnormalities that may lead to post-transplant complications. This 
complete review serves as a reference and facilitates the compari-
son of results from the tests performed before, during, and after 
the transplantation [4].

13.1.4  Multidisciplinary Team in Stem Cell 
Transplantation

The multidisciplinary team is composed of different specialized 
professionals, who, in cooperation, play an important role in the 
management and care of hospitalized patients, providing support 
to patients and family members and supporting them to adapt to 
the treatment plan.

Professionals should be involved in decision-making during 
multidisciplinary meetings, provide education to patients and 
family members, and plan patient discharge and post-hospital dis-
charge care [5].

The SCT clinical pharmacist is an integral member of the mul-
tidisciplinary SCT team that provides a variety of educational ser-
vices, optimizes the adherence to the proposed drug treatment, 
and assists in the care based on patient safety [6]. The evaluation 
of pre-transplant patients, pharmacotherapeutic follow-up during 
hospitalization and post-discharge, allows the pharmacist to 
develop a care plan based on the safe and effective drug therapy 
management [7].
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According to this active role in the multidisciplinary team, the 
pharmacist is responsible for the correct use of the drug and 
should develop guidelines and standard procedures regarding the 
drug therapy used by patients in SCT [8].

13.1.5  Pre-transplant Pharmaceutical Evaluation

When the patient begins the hospitalization process for SCT, the 
pharmacist performs a complete review of the patient medication 
profile and drug reconciliation, in order to provide the drug ther-
apy management to multiple chronic diseases such as diabetes, 
hypertension, dyslipidemia, etc. He should manage the recom-
mended anti-infectious prophylactic therapies for SCT, such as 
antifungals, antivirals, and antibacterials. He should intervene on 
self-medication, mainly regarding the use of herbal medicines or 
medicinal plants, and use of supplements and alternative medi-
cines. This allows monitoring all diseases that the patient treats, 
avoiding iatrogenic cascade, and prevents prescriptions duplica-
tion by different members of the multidisciplinary team and also 
assesses untreated conditions or diseases [6, 9].

In the pre-transplant pharmaceutical evaluation, it is possible 
to identify drug allergies, drug interactions, need for adequacy of 
pharmaceutical formulations according to the patient preference 
and need, especially in elderly or pediatric patients, and need for 
adjustments when changes in laboratory parameters occur [6].
Drug-related problems (DRPs) should be identified, such as 
adverse drug reactions (ADRs), and medication errors or any 
errors during the prescription and use process of the drug [6, 9–
11]. A medication error may arise in the medication choice, dose, 
administration route, and frequency or duration of treatment. 
Inadequate prescription may also be related to individual charac-
teristics or co-existing treatments of the patient [10, 11].

At the time of hospital admission, unintentional omission or 
changes in the treatment regimen may occur. Inaccurately obtain-
ing the medications history may result in potential damage to the 
patient. The pharmacotherapeutic follow-up, when the pharmacist 
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monitors the individual clinical needs of the patient, allows the 
detection, prevention, and resolution of possible DRPs [11].

For any identified problem, the pharmacist should intervene 
with the multidisciplinary team suggesting dose adjustments, sus-
pensions, or substitutions to avoid toxicities and inefficacy to 
treatment [10].

13.1.6  Drug Therapy Management

During hospitalization in the SCT, the pharmacist should be 
responsible for the daily analysis of the medical prescription. In 
the context of SCT, where high-risk drugs are prescribed and 
administered, the pharmacist plays an important role in providing 
specific information for the correct use and administration of 
these medicinal products [12].

The pharmacist must manage [12]:

• Chemotherapy drugs used in the SCT conditioning. After the 
technical evaluation of the medical prescription, he should be 
responsible for the handling, technical evaluation of the drug, 
dilution choice, storage, and guidance regarding the adminis-
tration time.

• Drugs with narrow therapeutic margin such as immunosup-
pressants, anti-infectious, anticoagulants, and chemotherapy 
agents. Monitoring should be performed through laboratory 
test results and/or signs and symptoms.

• Selection of antimicrobials for prophylaxis of viruses, fungi, 
and bacteria infections due to risk factors for transplant 
patients, such as febrile neutropenia, taking into account insti-
tutional protocols, treatment cost, and institutional microbial 
resistance parameters.

• Medications in the treatment of pre-existing comorbidities or 
those associated with the therapy applied to the transplanted 
patient, in which the combination of various therapies may 
cause drug interactions and/or exacerbate pre-existing 
 conditions, such as graft-versus-host disease (GvHD) treat-
ment that can worsen conditions in patients with diabetes.
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• Nutritional support that occurs after SCT due to factors such 
as: insufficient oral intake induced by chemotherapy (nausea, 
vomiting, mucositis), anorexia, and GvHD.  The pharmacist 
may assume responsibility for the introduction and discontinu-
ation of prolonged parenteral nutrition, blood glucose monitor-
ing, and electrolyte disorders.

• GvHD therapy options, based on the signs and symptoms 
shown by the patient concomitant with complications, risks of 
infectious complications, such as cytomegalovirus reactiva-
tion, nephrotoxicity, and steroid-refractory treatment.

• Maintenance therapy after SCT, where some drugs of choice 
are of high cost and the pharmacist should guide the patient 
and family member about the access to these drugs available 
through local care programs.

• Toxicities to post-transplant therapy, when patients have 
transplant- related toxicities that can become chronic problems 
and require long-term monitoring, such as chronic pain man-
agement, anticoagulation for venous thromboembolism, post- 
transplant bone health, steroid-induced hyperglycemia, and 
chronic GvHD. The pharmacist role in the long-term manage-
ment of these complications is an opportunity to improve the 
patient quality of life.

13.2  Pre-hematopoietic Stem Cell 
Transplantation Conditionings

Preparatory or conditioning regimens are administered to patients 
with malignant diseases and eligible for SCT and have two main 
objectives: promote medullary aplasia with the purpose of pre-
venting graft rejection and reducing the tumor burden of the dis-
ease before transplantation. To achieve these objectives, doses of 
total body irradiation (TBI) and chemotherapy agents are used, 
with no overlapping toxicity [13].

Conditionings have been classified into three categories, 
according to their intensity: myeloablative conditioning (MAC), 
reduced intensity conditioning (RIC), and non-myeloablative 
conditioning (NMA) [14].
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13.2.1  Conditioning Types

13.2.1.1  Myeloablative Conditioning (MAC)
It consists of a single agent, or a combination of chemotherapy 
agents, obtaining deep pancytopenia, which is caused by the 
destruction of hematopoietic cells in the bone marrow and, in this 
case, this is the most expected side effect of this type of condi-
tioning [13].

Such effect begins within 1–3 weeks of the conditioning onset 
and its duration is prolonged and irreversible. In this case, the 
SCT is responsible for the hematopoiesis restoration and reversal 
of the pancytopeniccondition [15].

MACs cause adverse effects, in addition to medullary toxic-
ity, such as: mucositis, nausea, vomiting, diarrhea, skin rash, 
peripheral neuropathy, pulmonary and hepatic toxicities, among 
others [13].

Some examples of MACs are Cy/TBI, Bu4/Cy, Flu/Bu4, 
BEAM, CBV protocols, and Melphalan protocols [16].

13.2.1.2  Reduced Intensity Conditioning (RIC)
They do not meet the criteria for myeloablative conditioning, nor 
for non-myeloablative conditionings. This type of conditioning 
causes cytopenia with varied duration that often is not reversible. 
Patients eligible for this type of conditioning should undergo a 
stem cell support [14]. In general, what differentiates a MAC from 
a RIC is that in RIC, the chemotherapy or TBI dose is usually 
reduced by approximately 30% of the doses applied in MACs [13].

Examples of reduced intensity conditioning: Flu/Mel, Flu/
Bu2, Flu/Cy, Flu/Bu/Tiothepa [16].

13.2.1.3  Non-myeloablative Conditioning (NMA)
In some diseases indicated for SCT, greater action of the immuno-
logical effects promoted by donor cells and less need for cytotoxic 
effects on pre-transplant conditioning is required. In these cases, 
non-myeloablative conditionings have been studied as a better 
option, since they cause minimal cytopenia, with no need for stem 
cell support for recovery [14].
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Although GvHD is a condition avoided to the maximum in 
SCT, it is necessary to consider that not all diseases indicated for 
the procedure have a high risk of GvHD. Follicular lymphoma, 
chronic lymphocytic leukemia, mantle cell lymphoma, and 
chronic myeloid leukemia are diseases where GvHD is most 
recurrent. Acute lymphocytic leukemia and Hodgkin’s lymphoma 
are relatively resistant to GvHD complications. This can also be a 
factor of choice for non-NMAs conditionings [13].

NMAs also allow transplantation in elderly, high-risk patients 
or previously treated patients of any age, because they have lower 
toxicity and are associated with lower mortality from treatment.

Examples of NMAs: Flu/TBI, TLI/ATG.
Drugs involved in pre-SCT conditioning can cause medullary 

toxicity; however, they also affect other organs, as shown in 
Table 13.2 [17]:

The choice of a regimen is based on some principles such as 
age and patient performance status, comorbidities, availability of 
a donor, and also factors related to the disease, such as the remis-
sion risk and status of the disease at the time of transplantation 
[13, 14]. Regarding the patient comorbidities, it is necessary to 
know that patients with advanced age or comorbidities of great 
relevance end up not being candidates to receive MAC, but are 
eligible for RIC or NMA [13, 14].

The status of the disease prior to transplant can also be an eli-
gibility criterion to choose the type of conditioning. For example, 

Table 13.2 Agents commonly used in STC and the organs most affected by 
its toxicity

Agent used in the STC Organ most affected by toxicity

Irradiation Lung, heart
Cyclophosphamide Heart
Busulfan Lung
Etoposide Liver
Carmustine Lung
Cytarabine Central nervous system
Melphalan Lung, gastrointestinal

Adapted from Robert S Negrin. Preparative regimens for hematopoietic cell 
transplantation. In: UpToDate.
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in malignant hematological diseases, there is a need to eradicate 
as many hematopoietic cells as possible in order to prevent the 
disease from relapsing. For this, a MAC would be the one indi-
cated. When bone marrow transplantation is indicated for patients 
with immunodeficiencies or aplastic anemias, the main objective 
of conditioning is immunosuppression. For this purpose, a less 
intensive regimen may be a more indicated alternative. Fanconi 
anemia, for example, is particularly sensitive to toxicities from 
chemotherapy and radiotherapy. Patients with this diagnosis 
should undergo less intense conditioning [13, 18].

The current status of the disease can also define the type of 
conditioning intensity; for example, when the disease is not in 
complete remission, a MAC is necessary.

Generally, MACs are the choice for young patients with good 
performance status or difficult-to-control diseases. The choice 
between the different types of conditioning also depends on insti-
tutional preferences, medications availability, transplant center 
experience, and the factors mentioned above [18].

13.2.2  Irradiation

Total body irradiation (TBI) has been included in many pre-bone 
marrow transplant conditionings, both autologous and allogeneic, 
due to its immunosuppressive property and penetration capacity 
at hard-to-reach sites (sanctuary sites). Currently, TBI-based con-
ditionings have the total dose of fractional radiation usually in 4 
days in a row, which helps to decrease toxicity and increase toler-
ability to conditioning. Conditionings generally combine doses 
between 12 and 16-Gy with chemotherapy agents with 
 antineoplastic and immunomodulatory properties, such as 
Cyclophosphamide. Higher doses of TBI can produce non- 
hematological toxic effects, and also hinder the grafting of hema-
topoietic cells and success in the bone marrow transplantation 
procedure [13].

Major limitations of this modality include mucositis, lung tox-
icity, and infertility [14].
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13.2.3  Pharmacotherapeutic Follow-Up

13.2.3.1  Busulfan

Pharmacokinetics of Busulfan
Busulfan is a chemotherapy agent constantly used in allogeneic 
pre-transplant conditioning regimens. This is a drug with high 
pharmacokinetic variability, where, for example, the area under 
the curve (AUC), concentration versus time, can range between 3 
and 7 times in patients receiving high doses of this drug, calcu-
lated based on the patient weight, or his body surface. Busulfan 
AUC has been related to toxic effects, modifications in bone mar-
row grafting time, and relapse in patients undergoing condition-
ing with Busulfan and Cyclophosphamide; but these losses can be 
extrapolated to other conditionings than Busulfan. Factors such as 
age and obesity have been identified as predictors of Busulfan 
clearance [19].

Due to the heterogeneous pharmacokinetics of Busulfan, trans-
plant centers have been seeking drug plasma monitoring as an 
alternative to avoid unfavorable endpoints with the use of this 
medication, minimizing toxicities and preventing graft rejection. 
Busulfan drug level plasma monitoring consists of a series of 
blood samples collected for up to 6 hours after the beginning of 
the first and second infusion of the drug. Busulfan plasma concen-
trations are quantified to calculate the AUC. Taking into account 
the target AUC of the chosen conditioning, it is possible to guide 
yourself to define the AUC that the patient should still receive 
[19].

Prophylaxis of Seizures
Because it is a drug with highly easy penetration into the blood- 
brain barrier, reaching identical proportions in plasma and central 
nervous system, Busulfan can cause convulsive seizures due to 
these high concentrations in the CNS. To avoid this adverse effect, 
drugs are used to prevent this condition. Studies indicate that con-
vulsive conditions may occur at a frequency from 1% to 40% in 
patients who have not received anticonvulsant prophylaxis [20, 
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21]. Some drugs may be used in seizure prophylaxis, such as 
Levetiracetam, Phenytoin, and Clonazepam. The drug of choice 
should have rapid action and should not increase the toxicity or 
pharmacokinetics of the agents used in conditioning. In addition, 
it should cause as little hematological toxicity as possible, so that 
it does not interfere with the bone marrow engraftment. Also, one 
should choose a drug that does not cause dermatological toxicity 
that can be confused with GvHD, and that does not increase nau-
sea, emesis, diarrhea, or mucositis, which are common symptoms 
to pre-transplant conditioning [21, 22].

Neurotoxicity, including seizures, can occur during the admin-
istration of Busulfan and within 24 hours after the last dose of this 
drug, so prophylaxis drugs should be indicated at least during this 
period of bone marrow transplantation [23].

13.2.3.2  Drug Interactions
Busulfan pharmacokinetics, besides being heterogeneous, may 
suffer interferences due to the concomitant use of other medica-
tions. This is a critical situation where low plasma levels of 
Busulfan can lead to undesirable effects such as disease relapse, 
graft failure, and shortened survival. On the other hand, high 
plasma levels of Busulfan may increase side effects, such as 
mucositis, pulmonary toxicity, sinusoidal obstructive syndrome, 
and neurotoxicity, among others [23].

Table 13.3 shows the drugs that commonly interact with 
Busulfan, either by the action on cytochrome P450, interference 
in glutathione S-transferase, glutathione, or other transporters.

13.2.3.3  Cyclophosphamide and Uroprotection
One of the adverse effects that should be monitored in  
patients undergoing pre-SCT conditioning composed of 
Cyclophosphamide or Pelvic Irradiation is hemorrhagic cysti-
tis, which is characterized by hematuria. Hemorrhagic cystitis 
is an inflammatory process induced by acrolein, a toxic metab-
olite of Cyclophosphamide, and can be aggravated by the 
immune system subsequent activation by producing a greater 
number of pro-inflammatory agents. Acrolein is derived from 
the hepatic metabolism process of alkylating agents, filtered by 
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the kidneys and concentrated in the bladder. From 10% to 40% 
of patients are affected by hemorrhagic cystitis and patients 
undergoing SCT have a high risk of developing this condition, 
which is more common after a MAC than in RIC [25].

The most effective treatment for hemorrhagic cystitis and cer-
tainly the safest for the patient is prevention, where the strict intra-
venous hydration of the patient is recommended, and also the use 
of Mesna. In addition, monitoring and attention to initial symp-
toms of cystitis are important for the prevention of more severe 
forms of this condition [25].

Mesna is a drug that inactivates acrolein in the urine and reduces 
the risk of cystic toxicity. This should be given before 
Cyclophosphamide; i.e., Mesna should already be present in the 

Table 13.3 Drugs that interact with Busulfan

Drug Interaction result Recommendation

Acetaminophen Increased serum 
levels of 
Busulfan

Do not use the drug 72 h before and 
72 h after the administration of 
Busulfan

Itraconazole, 
voriconazole

Increased serum 
levels of 
Busulfan

Use with caution and monitor the 
toxic effects of Busulfan; consider 
fluconazole as an alternative

Metronidazole Increased serum 
levels of 
Busulfan

Do not use the drug 72 h before and 
72 h after the administration of 
Busulfan

Phenytoin Decreased serum 
levels of 
Busulfan

Consider the administration of 
another anticonvulsant; if the option 
is phenytoin, monitor Busulfan 
AUC wisely

Deferasirox Increased 
Busulfan AUC

Consider another drug option for 
iron quelation

Ethacrynic acid Inhibition of 
Busulfan-GSH 
conjugation

Consider a change in diuretic 
therapy

Ketobemidone Increased serum 
levels of 
Busulfan

Consider the use of another opioid 
agent, such as morphine, for 
example

Adapted from Myers AL, et al. and Glotzbecker et al. [24]

F. T. Ito et al.



449

bladder by the time the alkylating agent starts. Because the half- 
life of Mesna is approximately 90 minutes and that of alkylating 
agents ranges between 6 and 7 hours, additional doses of Mesna 
are required, usually 4 and 8 hours after cyclophosphamide admin-
istration. Generally the final dose of Mesnato be fully administered 
represents 60% of the total dose of Cyclophosphamide [25].

13.2.3.4  Melphalan and Mucositis
Mucositis is one of the most common adverse effects of SCT, 
especially when due to radiotherapy or high doses of Melphalan. 
This effect is often mentioned by patients as one of the most 
debilitating of all onco-hematological treatment, which can cause 
dehydration, malnutrition, potential opportunistic infections, and 
reduced disease-free survival time [26].

Studies indicate that after high doses of Melphalan, 20–45% of 
patients develop severe mucositis. When we analyze the incidence of 
mucositis in all grades, this number is between 70% and 90% [27].

Prophylactic and curative measures can significantly reduce 
these values. Some of them are: cryotherapy, antiviral, antifungal 
and antimicrobial prophylaxis, total parenteral nutrition, topical 
anesthetics, and mouthwashing solutions, among others [28].

Pharmacist may carry out interventions with the medical and 
dental service in cases of patients undergoing bone marrow trans-
plantation, who use radiotherapy or high doses of Melphalan.

13.2.3.5  Cytarabine and Conjunctivitis
Cytarabine is part of some pre-SCT conditioning protocols, espe-
cially those associated with radiotherapy and/or cyclophospha-
mide. High doses of Cytarabine are used, and some characteristic 
adverse effects are eye disorders such as conjunctivitis, eye pain, 
blurred vision, photophobia and sensation of foreign bodies in the 
eyes. These symptoms develop in 40–100% of patients receiving 
doses of Cytarabine 2 g/m2/day. Such disorders result from the 
transport of Cytarabine from plasma into the tear fluid, inhibiting 
the division of the cornea epithelial cells. Although the concentra-
tion of Cytarabine in the tear fluid is ten times lower than in the 
bloodstream, it is enough to cause such eye disorders [29].
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For the prevention and control of this adverse effect, the use of 
corticosteroid-based eye drops has been reported. The choice of 
eye drops is not standardized in the conducted studies, and either 
the use frequency, but the use of betamethasone eye drops at 1%, 
prednilosone 1% or prednisolone 0.5% is pointed out. The asso-
ciation of corticosteroid eye drops with artificial tear has shown 
good results and improvement in the patient quality of life. 
Regarding the frequency, some centers start the eye drops admin-
istration 48 h before the first dose of Cytarabine and maintain it 
for up to 28 days after treatment. Other centers start the prophy-
laxis for conjunctivitis on the day of Cytarabine administration 
and maintain it for 5  days after the last administration of 
Cytarabine [29, 30].

The pharmacist plays an important role in the follow-up of 
these cases, since prophylaxis can reduce the incidence of con-
junctivitis caused by Cytarabine at high doses from 85% and 92% 
to 8% and 16% [31].

In patients undergoing SCT, the occurrence of conjunctivitis 
may be aggravated due to the association with TBI, which may 
cause synergistic toxicity to that of Cytarabine [31].

13.3  Care Before Engraftment

13.3.1  Introduction

Communication and coordination of the SCT team, including a 
multidisciplinary team, are important for establishing and main-
taining a successful care plan [32].

At this stage of SCT, after bone marrow infusion and before 
engraftment, care is intended to manage toxicities to conditioning 
chemotherapy. Preventive managements should be carried out for 
infections and graft-versus-host disease (GvHD), and engraft-
ment syndrome. But there are other risks during this phase due to 
individual characteristics [32].

Common factors that may contribute to complications during 
SCT [32]:
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• Previous treatments
• Status of the disease at the time of SCT
• Existence of comorbidities
• Conditioning regimes developed
• Type of SCT
• Organic dysfunction
• Infections prior to SCT
• Age of donor and recipient

13.3.2  Drug Toxicity

During conditioning, high doses of chemotherapy are usually 
used associated or not with radiotherapy, which will be adminis-
tered in the days prior to the infusion of hematopoietic progenitor 
cells (CPH).

The conditioning stage aims to eradicate residual disease or 
reduce tumor load, create space in the bone marrow that will be 
filled by donor cells, and induce immunosuppression to prevent 
graft rejection in allogeneic SCT [33].

The high dose of chemotherapy results in predictable toxicity, 
but in individualized intensity.

The commontoxicities of conditioning chemotherapy are:

• Gastrointestinal complications: nausea, vomiting, mucositis, 
and diarrhea

• Liver complications: sinusoidal obstructive syndrome (SOS)
• Hematologicalcomplications: Cytopenias (neutropenia, ane-

mia, and thrombocytopenia)
• Kidney and lung complications

13.3.2.1  Nausea and Vomiting
Chemotherapy causes damage to gastrointestinal tissue that 
results in the release of neuroactivating agents and vagal stimula-
tion, located in the brain stem, which activates the center of vom-
iting. Later nausea and vomiting have a cause that differs from 
toxicity to conditioning. Prevention is the key to success in the 
management of nausea and vomiting in the peri-transplant period. 
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The choice of drugs like antiemetic should be according to the 
emetogenic potential of the drugs used in conditioning and corti-
costeroids for some types of SCT. Therapy and prevention should 
be managed according to the type of transplantation and drug 
interaction, especially in allogeneic transplantation [34]. In the 
2020 American Society Clinical Oncology (ASCO) guideline 
update, the use of integrative medicine as non-pharmacological 
measures to complement treatment for nausea and vomiting is 
endorsed.

13.3.2.2  Oral Mucositis
The pathophysiology of mucositis is complex and involves direct 
damage to mucosal tissue, generation of inflammatory cytokines, 
and microbiome changes.

Acute oral mucositis is one of the common sources of mor-
bidities in patients undergoing SCT and affects more than 80% of 
patients undergoing transplantation [34].The pain and dysphagia 
caused by this reaction leads to a consequence such as a drastic 
reduction in food and liquid intake and affects quality of life 
throughout the affected period [32]. The mucosal barrier is predis-
posed to bacterial, fungal, and viral infections and may remain 
locally or spread, especially if the patient is in a period of medul-
lary aplasia, and the most common is candidiasis.

Prevention can be performed with laser therapy  – photobio-
modulation (before the start of chemotherapy and until recovery 
time), cryotherapy (before and during chemotherapy), and oral 
hygiene (before the start of chemotherapy and until recovery 
time). The initial clinical manifestation is erythema of soft tissues 
of oral mucosa or palate with burning sensation. After the muco-
sitis onset, pain management with opioid analgesics may help in 
the intake of food and liquids [32].

13.3.2.3  Diarrhea
There are numerous possible causes of diarrhea during 
SCT. Approximately 80% of patients will have at least one event 
of diarrhea during the SCT process. The most common cause 
soon after the bone marrow conditioning and infusion regimen is 
the toxicity of high doses of chemotherapy, called non-oral gas-
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trointestinal mucositis, which in addition to diarrhea can include 
nausea, vomiting, and abdominal pain. This occurs between 7 and 
14 days after chemotherapy. Reaction should be taken into account 
by non-chemotherapy drugs such as antibiotics and immunosup-
pressive drugs, and it may be treated with medication or exclud-
ing medicinal products suspected of causing diarrhea. During 
cytopenia, the cause may also be infection or GvHD [32].

13.3.2.4  Liver Complications
Liver dysfunction is a common complication in SCT that can be 
identified in increased bilirubin and liver enzymes, asymptomatic, 
sinusoidal obstructive syndrome (SOS), hepatic GvHD, and ful-
minant death from liver failure. Early detection and treatment 
results in its prognosis.

13.3.3  Infections

SCT patients are at increased risk of a variety of infections based 
on their degree of immunosuppression and exposure to the infec-
tious agent. Infection in these patients is associated with high 
morbidity and mortality. Patients may develop a variety of bacte-
rial, fungal, viral, and/or parasitic infections after 
SCT. Antimicrobial prevention should be according to the history 
of symptomatic and asymptomatic infections of both the donor 
and the recipient.

The management of prophylactic antibiotics should consider 
the rate of quinolone strain resistant and multi-resistant to various 
drugs [35]. Prevalence rate of bloodstream infection should also 
be evaluated.

For the antifungal use, the patient risk for fungal infection 
should be known according to pre-transplant evaluation.

The pharmacist has a fundamental role for the management of 
prophylactic and preemptive antimicrobials, which should be 
according the individualized risk of the patient, and monitored by 
laboratory tests and signs and symptoms of the patient.
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13.3.4  Immunosuppression

Due to the intensive pre-transplant conditioning regimen, both 
cellular and humoral responses are severely impaired. Immune 
reconstitution is an important component for a successful trans-
plantation, not only because immune defects are related to post- 
transplant morbidity, but also because they can influence the risk 
of relapse and development of secondary malignancies after 
transplantation [36].

Soon after allogeneic stem cell transplantation (SCT), the circulat-
ing lymphocyte in the recipient is from the donor that has a small 
impact on residual cells with effective immune effect. After this 
period, there is an immunological reconstitution of the receptor 
through the dependent T-pathway that performs the rearrangement of 
T-cell receptor genes. T cells generated by this pathway maintain rec-
ognition and immunocompetence to various antigens. Another recon-
stitution pathway of T-cells may be the peripheral expansion pathway, 
i.e., the proliferation of mature T-cells present in the graft [36].

The reconstitution of the receptor immune system requires the 
formation of new antigen-specific T-lymphocytes, derived from 
the hematopoietic progenitor cells of the donor. The production of 
these new lymphocytes is dependent on the thymic function of the 
receptor, which decreases depending on the age [36].

When the peripheral blood of the receptor begins to be restored, 
the first granulocytes appear, followed by lymphocytes, and also 
red blood cells and platelets.

The lymphoid system reconstitution may also be impaired by 
the manifestations of GvHD [36]. In the prophylaxis of GvHD, 
the patient is placed subjected to a clinical protocol with immuno-
suppressants to control the action of residual T cells from the 
donor blood, avoiding rejection. A standard combination of 
immunosuppressants has been established for GvHD prophylaxis, 
in which the use of calcineurin inhibitor such as tacrolimin or 
cyclosporine is usually used in combination with or without meth-
otrexate. Other combinations such as calcineurin inhibitor with 
mycophenolate (MMF) are also used and depend on the condi-
tioning regimen and type of SCT [37].
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These drugs have high toxicity associated with the narrow 
therapeutic range and should have plasma level control and high 
vigilance regarding toxicity and effectiveness. In addition, they 
have numerous drug interactions, leading to an increase or 
decrease in plasma levels, resulting in toxicity or therapeutic fail-
ure. The pharmacist should monitor and manage plasma levels of 
these drugs frequently and make the necessary adjustments for 
safety and efficacy [37].

In general, GvHD is caused by the reaction of mature T-cells 
grafted into the inoculum against host alloantigens. Acute GvHD 
(aGvHD), after histocompatible hematopoietic progenitor cell 
transplantation, has a small effect on lymphoid reconstitution 
time. The thymus can be selected as a target organ, and also the 
skin, liver, and intestine [37].

Immunological reconstitution is the key to successful trans-
plantation, which includes the choice of conditioning and mainte-
nance of post-transplant monitoring even after spinal grafting.

13.3.5  Laboratory Tests

After SCT, there is a need to monitor the patient clinical condi-
tions through constant multidisciplinary medical and multidisci-
plinary visits and through laboratory tests.

Blood test is a daily control routine to identify the need for 
transfusion support, for white and differential cell count, and 
engraftment can be followed as the first step towards the SCT suc-
cess. The detection of viral infections reactivation is of paramount 
importance for early therapy. Due to the use of several medica-
tions, drug interaction is inevitable in the SCT process. Liver 
functions and kidney functions should be monitored to avoid and 
treat complications. Serum electrolyte and immunosuppressive 
plasma levels should be monitored and managed early.

Other tests will be requested according to the patient clinical 
status and should be considered in the pharmacotherapeutic fol-
low- up.
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13.4  Complication in Progenitor Cell 
Transplantation

After stem cell transplantation, the patient undergoes a period of 
neutropenia and immunodeficiency and, therefore, complications 
are more susceptible. Several factors contribute to these compli-
cations, such as conditioning regimen, age, transplantation type, 
comorbidities, and underlying disease. Below are the main com-
plications involved.

13.4.1  Febrile Neutropenia and Bacterial, Fungal, 
and Viral Infections

Fever during neutropenia is common in post-stem cell transplan-
tation (SCT) patients and is a non-specific symptom that may be 
associated with several causes, such as: bacterial infections, fun-
gal infections, viral infections, drug reactions, transfusion reac-
tions, mucositis, engraftment syndrome, GvHD, cytokine release 
syndrome, immune rejection of donor cells mediated by host cells 
and hemophagocytosis. Since infection by gram-negative bacte-
ria, including Pseudomonas aeruginosa, can result in a rapid dete-
rioration of the patient clinical condition, empirical antibiotic 
therapy should be considered until the cause or pathogen identifi-
cation and the best treatment are defined [38].

Febrile neutropenia is defined as a single measurement of oral 
temperature greater than 38.3 °C, or a sustained measurement for 
more than 1 hour above 38 °C in patients with neutrophil count 
below 500 cells/μL [39]. Infectious complications can occur at 
different stages of SCT (stem cell transplantation) [40]:

• Phase I or pre-graft phase: up to 45 days after hematopoietic 
stem cells infusion. Febrile neutropenia and skin barrier rup-
ture result in increased risk of bacteremia and fungal infections 
by Candida species and Aspergillus species, and reactivation 
of herpes simplex virus type I and II.
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• Phase II or post-graft phase: from 30 to 100 days after hema-
topoietic stem cells infusion. At this stage, infections are 
related to cell-mediated immunity impairment. The scope and 
impact of this defect are determined by the extent of GvHD 
and immunosuppressive therapy for it. Herpes viruses, such as 
cytomegalovirus (CMV), are the most common infectious 
agents in this period, besides Pneumocystis jiroveci and 
Aspergillus species.

• Phase III or late phase: 100  days after hematopoietic stem 
cells infusion. At this stage, patients with chronic GvHD 
(cGvHD) and unrelated donor transplanted patients have a 
higher risk of infection and its severity is proportional to the 
severity of GvHD during phases II and III. Major pathogens 
include cytomegalovirus (CMV), varicella-zoster virus (VZV), 
and infections by encapsulated bacteria such as Streptococcus 
pneumoniae [40].

13.4.2  Toxoplasmosis (Toxoplasma gondii)

Toxoplasmosis is a rare infection in a patient after hematopoietic 
stem cell transplantation. Although there are reports in patients 
undergoing autologous transplantation, its prevalence is higher in 
patients undergoing allogeneic transplantation. This occurs mostly 
by latent reactivation; however, it can also be transmitted by the 
donor and for this reason it is important to determine the patient 
serology before transplantation. The main risk factors are associ-
ated with acute GvHD and its treatment and incidence of Toxoplasma 
gondii disease varies according to geographic prevalence [38].

13.4.3  Complications of Bleeding, Thrombosis, 
and Endothelial Origin

Complications related to bleeding and thrombosis are an impor-
tant cause of SCT-related morbidity and mortality. Approximately 
one quarter of patients have a hemorrhagic event in the first year 
after transplantation. The main thrombotic complications are: 

13 Stem Cell Transplantation



458

venous thromboembolism such as catheter-related thrombosis, 
sinusoidal obstructive syndrome (SOS), and thrombotic micro 
angiopathy associated with transplantation. Bleeding is related to 
the gastrointestinal or respiratory tract and is more common in 
thrombocytopenic patients or with GvHD [38].

Sinusoidal obstructive syndrome is a systemic endothelial dis-
ease with onset occurring days or weeks after the stem cell trans-
plantation (SCT) with refractory thrombocytopenia, hepatomegaly, 
ascites, and jaundice, and can progress rapidly to multiple organ 
dysfunction and death. For this reason, effective management is 
essential to reduce associated morbidity and mortality.

Thrombotic microangiopathy associated with transplantation 
is a potentially fatal complication of transplantation caused by 
endothelial injury that appears through renal dysfunction and/or 
unexplained neurological dysfunction, with evidence of intravas-
cular hemolysis [41].

13.4.4  Graft-Versus-Host Disease (GvHD)

GvHD is a common complication in allogeneic hematopoietic 
stem cell transplantation and one of the main causes of morbidity 
and mortality. This complication occurs when donor T lympho-
cytes recognize host antigens as foreign [42]. Initially the GvHD 
was classified taking into account the time of symptoms onset and, 
therefore, when they appeared up to 100 days after transplantation 
they were classified as acute and after 100 days they were classi-
fied as chronic. Based on clinical manifestations, the National 
Institutes of Health (NIH) accept the following subclassification 
[42]:

• Acute classic GvHD: appears within 100 days after transplan-
tation with classic clinical characteristics of acute graft-versus- 
host disease (aGvHD)

• Persistent, recurrent or late-onset of acute GvHD: appears with 
clinical characteristics of classic acute GvHD, but after 
100 days of transplantation
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• Classic chronic GvHD: appears after 100 days of transplanta-
tion with classic clinical characteristics of chronic GvHD

• Overlap syndrome: can appear at any time after transplantation 
with acute and chronic GvHD characteristics

Risk factors for acute GvHD manifestation [42]:

• HLA incompatibility degree
• Gender difference between donor/recipient
• Intensity of the transplant conditioning regimen
• GvHD prophylactic regimen
• Graft source

Main organs affected in acute GvHD [42]:

• Skin

• Gastrointestinal tract
• Liver

Risk factors for the manifestation of chronic GvHD [42]:

• HLA incompatibility degree

• Advanced age (donor or recipient)
• Gender difference between donor/recipient
• Graft source
• Previous manifestation of acute GvHD
• Lymphocyte infusions
• Cytomegalovirus-positive serology in the donor and/or recipient
• Donor with positive serology for Epstein-Barr virus

Main organs affected in chronic GvHD [42]:

• Mucocutaneous manifestations – changes in skin, nails, scalp 
and body hair, mouth, eyes, and genitalia

• Liver
• Gastrointestinal tract
• Lung
• Musculoskeletal: fasciitis and myositis
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13.4.5  Lymphoproliferative Syndrome

Post-transplant lymphoproliferative diseases (PTLD) are poten-
tially fatal and occur due to the proliferation of B cells previously 
infected with Epstein-Barr virus (EBV) in the absence of normal 
T cells. The main risk factors related to its development are the 
degree of immunosuppression, age, race, and time after transplan-
tation. The most common symptoms are fever, weight loss, and 
fatigue in addition to symptoms related to viral infection, lymph-
adenopathy, and dysfunction of the involved organs and extrano-
dal masses [43].

13.5  Hospital Discharge and Outpatient 
Follow-Up

Hospital discharge can be defined as a care transition process, in 
which it is transacted from the health team to the patient and their 
relevant caregivers. It is considered a delicate phase, in which 
patients are more susceptible to the occurrence of adverse events 
related to the use of drugs and opportunistic infections, which jus-
tifies the increase in the demand for urgent and emergency care 
and in new hospitalizations [44]. As a strategy to prevent prob-
lems related to the use of medications, the pharmacist at discharge 
advices the patient regarding the home use of medications such as 
dosage, storage and administration, contributing to the safe use of 
medications, in addition to the treatment adherence monitoring 
and follow-up [45].

The criticality of discharge is not only due to the constant 
changes in the patient pharmacotherapy, but also because of the 
large amount of information that the patient can receive. The 
pharmacotherapy instructions should begin during hospitalization 
to establish a link with the patient and caregivers to evaluate their 
degree of understanding, so that the patient can assume, at hospi-
tal discharge, the use of his medications safely. During this period, 
patients and their caregivers will have the opportunity to clarify 
their doubts [46].
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On the day of the patient discharge, the information should not 
be given only orally. The pharmacist can offer the therapeutic plan 
in writing or printed, which can be in the form of a table, which 
facilitates the patient understanding. All educational material 
should be adapted to the understanding of the patient and his fam-
ily member or caregiver. If possible, a contact channel should be 
offered so that they can clarify any questions that may arise [45].

After hospital discharge, the pharmacist should follow up the 
patient on an outpatient basis, either in face-to-face appointments, 
telemedicine, or by telephone contact. The role of the pharmacist 
in outpatient follow-up can prevent the occurrence of adverse 
effects and identify therapeutic failures and problems related to 
therapy through drug conciliation.

13.5.1  Chronic Graft-Versus-Host Disease (cGVHD)

Chronic graft-versus-host disease is the most important cause of 
long-term morbidity and mortality among patients who have 
undergone SCT. It usually occurs between 3 months and 2 years 
after SCT, and with 2/3 of cases in the first 12 months. It is esti-
mated that about 80% of patients who developed cGvHD had 
already developed aGvHD.

The pharmacist should periodically monitor plasma immuno-
suppressive levels through laboratory tests and immunosuppres-
sion regimens, such as GvHD prophylaxis, assist the patient in 
accessing immunosuppressive therapies [47], monitor the serum 
level of electrolytes, because calcineurin inhibitors can lead to 
electrolyte imbalance [48], and intervene with therapeutic 
 alternatives in relapse to immunosuppressants. In the use of corti-
costeroids, such as cGvHD treatment, the follow-up of de- 
escalation is of paramount importance for patient safety [47].

Regarding corticosteroid withdrawal, the SCT team may find 
difficulty during patient follow-up. Some patients may not toler-
ate the withdrawal of these drugs, in the absence of the disease 
reagudization, and this condition is called steroid withdrawal syn-
drome. This syndrome is characterized by the appearance of phys-
ical symptoms, such as vomiting, asthenia, cephalalgia, among 
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others and psychological, such as mood change and emotional 
lability, and delirium and psychotic states. The syndrome may 
occur in all patients, including children and adolescents who do 
not tolerate the withdrawal of these drugs [49].

13.5.2  Other Late Complications

Other late complications after SCT are described in Table 13.4, 
and the conduct suggestions to the pharmacist during outpatient 
follow-up [47, 50].

13.5.3  Vaccination

Patients undergoing SCT, due to treatment, lose acquired immune 
memory through exposure to infectious agents during life and 
through prior vaccination [51]. Therefore, the reexposure of 
patients undergoing SCT to vaccines is advocated by several med-
ical groups that have developed several guidelines for the immu-
nization program after SCT. This mobilization is justified by the 
fact that the immunological recovery of these patients takes up to 
2 years after transplantation, especially in individuals who keep 
the chronic graft-versus-host disease active. Post-transplant 
patients should be vaccinated according to the vaccination sched-
ule of choice of the transplant team.

However, the decision to include the patient into an immuniza-
tion program should be made by an expert, especially in cases 
where the patient should continue with post-transplant mainte-
nance treatment [52]. Vaccination protocols may vary depending 
on the SCT center [51]. Table 13.5 describes one of the recom-
mendations on adult patient vaccination after SCT.

In the group of patients after SCT, the incidence rate of chil-
dren has been increasing greatly in recent decades. This popula-
tion also benefits from reimmunization, but after a rigorous 
evaluation of a specialist professional. This is because there is a 
high risk of developing infections and serious adverse events. In 
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addition, no large-scale vaccine study has evaluated the clinical 
outcome in disease prevention in this population [53].

Basic principles regarding the vaccination of children sub-
jected to SCT [53]:

Table 13.4 Monitoring of late effects in patients after SCT

Late effects Incidence Mortality Monitoring
Pharmaceutical 
monitoring

Cardiovascular 
toxicity

+ + Cardiovascular 
risk and cardiac 
function with 
echocardiogram 
to evaluate 
ventricular 
ejection fraction 
and 
electrocardiogram

Follow-up drug 
interactions 
that increase 
QT interval

Endocrine 
toxicity: 
Thyroid 
dysfunction

++ – Thyroid function Instruct the 
patient about 
the drug 
dosage and 
monitor 
treatment 
adherence

Diabetes ++ + Serum glycemia 
and glycated 
hemoglobin

Dyslipidemia ++ – Cholesterol: Total 
cholesterol, HDL, 
LDL, and 
triglycerides

Liver toxicity + – Liver function and 
viral load for 
hepatitis B and C

Adjust the 
drugs dose 
according to 
liver function

Renal toxicity + + Renal function: 
Creatinine and 
urea

Adjust the 
drugs dose 
according to 
renal function

Adapted from Late effects of blood and marrow Transplantation (Inamoto Y, 
Lee SJ); Long Term Complications After Hematopoietic Cell Transplantation 
(Majhail NS)
Abbreviations: HDL high density lipoproteins, LDL low density lipoprotein
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• The use of vaccines with inactivated viruses is generally safer 
than vaccines with attenuated viruses. If attenuated virus 
 vaccine is required, look for safety and efficacy data in the lit-
erature.

• Healthcare professionals and caregiver/family members 
around the patient should also be vaccinated.

• Follow the most recent recommendations regarding vaccina-
tion in this population.

• Consider antibody testing to evaluate vaccine response.

The pharmacist should follow up the patient regarding the vac-
cination schedule adopted by the transplant center, guiding the 
patient regarding doubts in the reimmunization process, assist the 
multidisciplinary team in the calendar follow-up, and, in case of 
children, can assist the medical team, when necessary, in seeking 
information on vaccines available in the local market.

Table 13.5 Recommendation on patient immunization after SCT

Immunization agent type Schedule

Influenza A and B 1 dose annually, throughout life, before 
the start of the influenza season. Data 
suggest that response rates are better 
4–6 months after SCT.

Diphtheria/Tetanus/Pertussis/
Inactivated Polio/Haemophilus 
Influenzae type b/Hepatitis B

Starting 6 months after transplantation, 3 
doses at 1-month interval.

Meningococcal Group B (Men 
B)

Starting 6 months after transplantation, 2 
doses, 2-month interval.

Meningococcal Groups A, C, 
W and Y (ACWY Men)

From 6 months after transplantation, a 
single dose.

Pneumococcal (Streptococcus 
pneumoniae)

Starting 6 months after the transplant.

Measles / mumps / rubella Starting 24 months after transplantation, 
2 doses with 1-month interval.

Adapted from Immunization Schedule for Autologous and Allogeneic Blood 
and Marrow Transplant Recipients (Oxford University Hospitals)
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13.5.4  Withdrawal of Prophylactic Infectious 
Therapies and Immunosuppressants

After conditioning, patients undergo a phase known as the pre- 
graft phase. An aplastic phase characterized by deep neutropenia 
[54]. One of the consequences of this aplastic period is the chance 
of infections by bacteria, fungi, and viruses, making the use of 
antibiotic prophylaxis necessary [55]. The engraftment time may 
vary depending on the source of donor cells [54]. Even after the 
patient medullary recovery, he still remains immunosuppressed 
by the use of immunosuppressants and the fact that the humoral 
immune response is only recovered at the end of 2 years of allo-
geneic transplantation [55, 56]. In the first 100 days after SCT, the 
patient is still susceptible to gram-positive and negative bacterial 
infections, fungi and viral reactivations including cytomegalovi-
rus (CMV), and Epstein-Barr virus (EBV) [54].

After 100 days of SCT, there may be an important decline in 
the possibility of the patient acquiring an infection, because he 
may have already recovered the amount and functioning of neu-
trophils, and lymphocytes already have some functionality. At this 
time antibiotic prophylaxis withdrawal may begin and the patient 
is redirected to seek medical care in the presence of febrile peak, 
chills, diarrhea, and any other symptoms that may be indicative of 
an infection [55].

The same occurs with immunosuppressants, after immunolog-
ical reconstitution with allogeneic transplants, but in general, 
patients may take longer to achieve this reconstitution due to 
GvHD, either by the pathophysiology itself, having a small effect 
on the lymphoid reconstitution time, and even by the use of immu-
nosuppressants for GvHD prophylaxis that may contribute to a 
deficiency of the immune system [56].

The pharmacist should monitor the use of specific anti- 
infectious and C-reactive protein (CRP) tests. For immunosup-
pressants, strict follow-up of serum levels and dose adjustment is 
required when necessary. Therefore, long-term follow-up should 
be optimized and individualized to the specific needs of the patient 
and can last for years [47].
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14.1  Introduction

Since the beginning of the 1950s, the field of intensive care medi-
cine has made significant advances [1]. Among patients with 
oncological and hematological diseases, approximately 10% may 
develop some life-threatening condition, which requires admis-
sion to an intensive care unit (ICU) [2, 3]. In addition, it is esti-
mated that patients with malignant neoplasms represent about 
20% of all admissions to ICUs [4, 5].

Different studies have reported that critically ill patients with 
cancer can benefit from intensive treatments [6–8]. Until the turn 
of the twentieth century, the survival rates of critically ill oncol-
ogy and hematologic patients did not exceed the 30% mark [9]. 
Currently, it is known that the survival rates of these patients who 
present recurrent complications of cancer in ICUs have been 
greater than 50% [10].

The survival rates of critically ill onco-hematologic patients 
have improved dramatically due to different factors [11–16]. 
Among them, we can include:

• Advances in the treatment of solid tumors and hematological 
malignancies.

• Changes in screening patterns and early admissions to ICUs.
• More accurate investigation of organic failures.
• New therapeutic strategies to avoid toxicity.
• Greater understanding of the pathophysiological, genetic, and 

molecular aspects of onco-hematological malignancies.
• Greater collaboration and interaction between oncologists, 

hematologists, intensive care, clinical pharmacists, and other 
members of the multidisciplinary team.

Unquestionably, the use of resources in ICUs needs to be care-
fully discussed and a limiting factor remains the availability of 
sufficient beds for the admission of critically ill oncology and 
hematological patients [17, 18]. In addition, late or unplanned 
admission to ICUs, lack of reliable, and specific and clinical 
evidence- based recommendations have resulted in increased mor-
tality of onco-hematologic patients [19].
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Acute respiratory failure (ARF) is the leading cause of admis-
sion among onco-hematologic patients [20]. In particular, neutro-
penic patients and patients undergoing allogeneic hematopoietic 
stem cell transplantation (HSCT) are at increased risk of develop-
ing ARF [21, 22]. Therefore, an accurate diagnosis is essential, 
taking into account types of respiratory symptoms, radiological 
findings, and associated organic dysfunctions [21].

Approximately 1/3 of critically ill oncology and hematologic 
patients have acute kidney injury (AKI), and many of these 
patients require renal replacement therapy [23]. Sepsis, hypoper-
fusion, and nephrotoxic agents are the main factors for AKI [24].

Data from several cohort studies indicate that the provision of 
cytotoxic drugs associated with life support therapy of clinically 
critical onco-hematologic patients is feasible and associated with 
an increased survival of these patients [25]. Patient preferences, 
performance status, appropriate choice of anticancer agents, per-
sonalized dosing, and close monitoring need to be rigorously ana-
lyzed [26, 27].

Serious infections and sepsis are among the main serious com-
plications observed in critically ill onco-hematologic patients 
under chemotherapy regimens, mainly caused by neutropenia and 
immunosuppression [28]. Therefore, antibiotic and antifungal 
therapy are at the heart of care for patients with cancer [29].

Multidisciplinary and multiprofessional collaboration is essen-
tial for personalized care, greater care, and better survival rates for 
patients with onco-hematologic neoplasms who present clinical 
complications in ICUs [30]. Meetings between oncologists, 
hematologists, and intensivists for care planning and goal setting 
have impacted mortality reduction and resource optimization 
[31]. The clinical pharmacist in particular is a key player in the 
multidisciplinary team of intensive care for critically ill onco- 
hematologic patients [32, 33]. Different studies have highlighted 
that the presence of clinical pharmacists in ICUs is essential to 
identify inappropriate drug administration, under-dosing, lack of 
laboratory monitoring, drug interactions, drug-related side effects, 
and overdosing [34]. Additionally, pharmaceutical interventions 
can lead to suspension of inadequate treatment, dose adjustment, 
additions of supportive therapies, changes in administration 
routes, and optimization of treatment [35–37].
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14.2  Insertion of the Pharmacist in Hospitals 
and Their Activities in This Service Location

According to the pharmaceutical practice guidelines made avail-
able by the World Health Organization (WHO), all pharmacists 
have an obligation to ensure that the service they provide to each 
patient is performed in an appropriate and quality manner. To 
ensure this vital commitment of the profession, the pharmacist 
must provide medicines and other health care for people, helping 
them to make the best use of the medicines intended for them, 
thus promoting good quality and preventing new health problems 
[38]. Among the requirements of good pharmacy practices, cited 
in the Good Pharmacy Practice: Guidelines in Community and 
Hospital Settings (WHO), we can mention: concern for the 
patient’s well-being in all environments, promotion of rational 
and economical prescription, appropriate use medicines, supply-
ing medicines and other health products, and monitoring the 
effects of their use. It is extremely important that the pharmacist 
be constantly updated with regard to therapeutic innovations and 
new drugs made available on the market [38].

Among the main interventions performed by pharmacists in 
the hospital environment, we can mention: inclusion of missing 
information, dose change, prescription cancellation, change in 
infusion time, change in diluent volume, change in administration 
route, start of new drug, change in administration frequency, drug 
replacement, diluent replacement, among other interventions 
[39]. Considering pharmaceutical interventions, there are, among 
the main problems related to drugs, incomplete prescription, 
underdose, pharmacokinetic problem that requires dose adjust-
ment, overdose, incorrect infusion time, duplicate prescription, 
dose regimen with frequency higher than recommended, incorrect 
diluent volume, inappropriate administration route, dose regimen 
often lower than recommended, among others [39].

The information mentioned above will be discussed below, 
with the details that the study requires, and, with particular 
emphasis, on the reality experienced by the pharmacist who works 
in an Intensive Care Unit (ICU) for patients with oncological and 
hematological profiles.
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14.3  Pharmacists in Intensive Care

The hospitalized patient, who for some reason presents complica-
tions, needs personalized and vigorous care. The aforementioned 
care sector, called the intensive care unit (ICU), is a hospital ser-
vice aimed at users in serious clinical situations, or at clinical or 
surgical risk, who demand intensive care, uninterrupted medical, 
nursing, and physiotherapy assistance, monitoring continuous 
24 hours a day, in addition to equipment and a specialized multi-
disciplinary team [40]. Several organizations recognize the dedi-
cated patient care pharmacist as an essential component of the 
multidisciplinary team to provide quality care [41, 42].

Through critical care pharmacy services in U.S. hospitals, 
which aimed to characterize the level of pharmaceutical services 
provided to intensive care units, it was possible to identify that the 
pharmacists interviewed in these services were involved in activi-
ties that involved constant need, sometimes, changes in drug ther-
apy, monitoring, prevention of adverse events, provision of 
information about drugs, cost savings, and educational activities 
[43]. In that publication, it was found that these pharmacists are 
predominantly involved in the provision of care to patients and 
administrative functions, leaving, in moderate status, their 
involvement with educational and academic activities [43].

14.4  Critical Oncohematologic Patient

In cancer and hematology hospitals, considering the high com-
plexity of comorbidities of patients and ensuring an effective and 
safe treatment, an interdisciplinary approach that provides com-
prehensive care is needed, with the pharmacist’s action being a 
fundamental part of this care [39]. Added to the profile of the 
complexity of the treatments required for these patients, in many 
of them, due to various complications and peculiar clinical and 
pathophysiological characteristics, admission to the ICU is neces-
sary [44, 45].

According to the natural history of cancer, after the detection 
of the disease based on symptoms or signs that occur at the begin-
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ning of the clinical phase or, disease at an advanced stage, the 
patient, after evaluation, will be directed to treatment and follow-
 up that may lead him to cure, control, or death [3, 46]. Due to 
advances in the field of cancer therapy, which contribute to the 
improvement of pharmacological practice and safety in clinical 
management, the observation of adverse effects associated with 
these new therapies is frequent, thus making intensive care sup-
port necessary, which helps to restore the patient’s organic func-
tion [45].

According to the studies by the authors Bos MMEM, et al., 
the types of malignancy with the highest frequency of admission 
to the ICU were malignant neoplasms of the breast, lung, colon, 
prostate, and esophagus, the latter being the one that most com-
monly leads to the admission of oncohematological patients in 
ICUs [47]. The study “Characteristics and outcomes of cancer 
patients in European ICUs” evaluated the characteristics of 
patients with critical cancer and their prognosis, and it was pos-
sible to verify that the mortality rates in the ICU and hospital 
were similar in patients with solid tumors and without cancer 
[48]. In addition, this study and that of the authors of the study 
“Outcomes of haematology/oncology patients admitted to inten-
sive care unit at the Canberra Hospital” found greater survival of 
patients with hematologic neoplasia when compared to solid 
tumors [48, 49].

14.5  ICU Admission Criteria

The screening procedures for admission of oncological and hema-
tological patients to intensive care units take into account some 
criteria, among them, the characteristics of the patient, scientific 
evidence, personal experience of the medical team, hospital 
guidelines, and verification of preferences deserve to be high-
lighted of patients [50].

It is of paramount importance to identify patients with poten-
tial benefit for intensive care. For this benefit to be achieved and, 
consequently, improvements in results to be achieved, the exis-
tence of effective communication between intensivists and oncol-

R. G. do Nascimento et al.



479

ogists is essential [50, 51]. To avoid conflicts between teams and 
family, when admission to the ICU of a cancer patient is requested, 
it will be necessary to evaluate 2 situations (Table 14.1):

In addition to the information mentioned above, the severity of 
organic dysfunctions, impairment of functional capacity, cancer 
staging, and the application of prognostic indices should also be 
evaluated [51]. Therefore, admission to the ICU should not be 
denied solely based on the fact that the patient has a neoplastic 
disease. The prognostic assessment tools and the assessment of 
the patient’s functional capacity serve as support for decision- 
making [45].

14.6  Reasons for Hospitalization of Cancer 
and Hematological Patients

Regarding the specificity of oncological and hematological 
patients in intensive care, it is necessary to list the main reasons 
for hospitalization, which are: sepsis, septic shock, acute renal 
failure, acute chronic renal failure, liver failure, upper digestive 
hemorrhage, lower digestive hemorrhage, tumor lysis syndrome, 
lowered level of consciousness (which may or may not be associ-
ated with medications), difficult-to-control convulsive crises 
(often due to metastases in the central nervous system), hepatic 

Table 14.1 Situations and outcomes of ICU admission criteria – oncologi-
cal and hematological patients

Situation Ending

Low status/bedridden 
performance or palliative 
care

Admission to the ICU is not recommended, 
your comfort and palliative care will be 
prioritized.

Denial of admission to the 
ICU
First line of treatment The patient will be able to be admitted to the 

ICU and be re-evaluated from time to time.Newly diagnosed disease
Potentially reversible acute 
complication

Source: Adapted from Silva (2017)
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encephalopathy, respiratory failure, electrolyte changes, 
thromboembolism, cardiovascular changes (superior vena cava 
syndrome, drug toxicity), and surgical procedures [31].

14.7  Importance of Pharmaceutical Follow-Up 
in the ICU

Given the increased incidence of cancer in recent decades, the 
quality and life expectancy of cancer patients may be impaired 
due to errors during treatment [52]. Pharmaceutical care is essen-
tial in the care of critical patients, as it is responsible for circum-
venting adverse reactions and reducing the aggressiveness of the 
treatment to the patient, thus avoiding possible indifference in the 
proposed oncological therapy and thus increasing the well-being 
of the patient individual [53].

It is essential to realize that clinical pharmacists working in the 
oncology ICU must have an understanding of conditions associ-
ated with cancer, such as: febrile neutropenia, tumor lysis syn-
drome, malignant hypercalcemia, posterior reversible 
encephalopathy syndrome, diffuse alveolar hemorrhage, veno- 
occlusive disease, anemia and chronic diseases such as spinal 
cord compression, and pathological fractures, among other com-
plications [33]. One of the most important complications of this 
patient profile is the toxicities associated with poorly planned che-
motherapy regimens [31].

When comparing a service specialized in intensive care and a 
non-specialized one, it is notorious that there is an increase in the 
number of pharmaceutical interventions [54]. However, to achieve 
these interventions that optimize therapy and simultaneously 
identify drug-related problems, a standardized and structured 
approach is needed [55]. One of the mnemonics used in the daily 
evaluation of pharmacotherapy is the FASTHUG-MAIDENS 
(Table 14.2).

These points function as a daily checklist for patient assess-
ment. The daily use of this tool, in conjunction with pharmaceuti-
cal interventions, can increase ventilator-free time, decrease the 
time of empirical antibiotic therapy, decrease the duration of cen-
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tral venous catheter use, and increase rates of adherence to thera-
pies to prevent venous thrombosis prophylaxis and stress ulcer 
prophylaxis [56].

All these parameters involved in this pharmaceutical assess-
ment tool, FASTHUG-MAIDENS, aim to prevent events, stop or 
delay the disease process, prevent a disease or symptom,  eliminate 
or reduce the symptomatology, and cure the disease. These goals 
demonstrate that healthcare institutions should use clinical phar-
macists as a vital component in a process improvement strategy 
and in promoting optimal pharmacotherapy. The activities of this 
mnemonic are described in more detail below:

14.7.1  Feeding

Nutrition in ICU patients presents a variety of alternatives and 
situations, namely: oral ingestion, tube feeding, parenteral nutri-
tion, and also diet as tolerated [55].

Table 14.2 FASTHUG – MAIDENS Mnemonic

Letter Definition

F Feeding
A Analgesia
S Sedation
T Thromboprophylaxis
H Hyperactive or hypoactive delirium
U Stress ulcer phophylaxis
G Glucose control
M Medication reconciliation
A Antibiotics or anti-infectives
I Indications for medications drug dosing
D Drug dosing
E Electrolytes, hematology, and other laboratory results 

stop dates
N No drug interactions, allergies, duplications, side 

effects
S Stop dates

Source: Adapted from Mabasa (2011)
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The pharmacist in these situations will be able to act both in 
changing the routes of medications and in optimizing drug ther-
apy. In addition, you should check the best pharmaceutical form 
to be administered to the patient without harming the treatment. 
The verification of the concomitant use of a drug and a nutritional 
formulation is also important and necessary, as there may be 
changes in drug absorption [55]. Thinking about food, laboratory 
tests are considerable in this evaluation, because for patients 
receiving parenteral nutrition, for example, it is essential to check 
these tests and thus analyze the need or not to change the compo-
sition of the diet [56].

14.7.2  Analgesia

Cancer-related pain is one of the most common and uncom-
fortable symptoms that affect this patient profile. Articles 
show that it is reported by over 70% of patients [57]. It is 
considered one of the most commonly reported stressors in 
patients in ICUs, which can exert considerable negative effects 
on their recovery [58].

Appropriate management will only be possible with an appro-
priate diagnosis, based on a detailed clinical history, comprehen-
sive physical examination, and correct interpretation of tests; and 
these activities are carried out by the intensive care team. In addi-
tion, the patient’s psychosocial situation should also be taken into 
account [59]. Its inadequate management can lead to devastating 
consequences that directly affect the patient’s quality of life, 
reduce functionality, and also affect the emotional level of both 
these and their families [60].

The ideal level is present when the patient receives an amount 
consistent with their clinical condition and their real need, in an 
adequate and not excessive way, from an adequate method. In the 
case of an unwanted amount, the hypothesis can be mentioned 
that the patient is inadequately sedated and presents respiratory 
depression and, consequently, an unsuccessful weaning from the 
ventilator [61]. Therefore, the pharmacist is responsible for evalu-
ating and suggesting to the medical team the best therapy and the 
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most assertive method to administer the medication for this patient 
profile [61].

14.7.3  Sedation

For cancer patients undergoing various procedures during their 
treatment, which are often painful due to various causes, such as the 
oncological and hematological disease itself causing pain, with the 
existence of marked functional decline, uncontrolled symptoms, it 
is necessary, in many cases, sedation. In this context, criteria for the 
desired depth of sedation, the patient’s health status, fasting status, 
and medication property must be checked with extreme rigor [59].

The pharmacist in intensive care is responsible for ensuring 
that sedative drugs used by patients are appropriate. Among the 
most common sedatives used are: midazolam and lorazepam. 
However, it is imperative to highlight that other classes may be 
indicated depending on the critical situation in which the patient 
finds himself [32]. Depending on this clinical situation and the 
period of sedation (continuous infusion, intermittent dosage) that 
the patient needs, the pharmacist should be involved in the deci-
sion to start, stop, and adjust the doses of these medications. This 
assessment is performed daily and always discussed together with 
the intensivist team [59].

14.7.4  Thromboprophylaxis

Venous thromboembolism (VTE) is a term that covers two condi-
tions: deep vein thrombosis and pulmonary thromboembolism. 
These conditions are usually asymptomatic or have non-specific 
symptoms, which contribute to negative outcomes [62, 63].

Hospitalized patients have at least one risk factor for the devel-
opment of venous thromboembolism; therefore, thromboprophy-
laxis is the initial strategy to improve the safety of these patients 
[62, 63].

The eighth American College of Chest Physicians (ACCP) 
Consensus on VTE prevention highlights that the vast majority of 
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hospitalized patients have at least one risk factor for developing 
VTE, and about 40% have three or more, and it is assured that 
thromboprophylaxis is the initial strategy to improve the safety of 
hospitalized patients [62].

14.7.5  Hyperactive or Hypoactive Delirium

Critically ill patients present in many situations pain, stress, anxi-
ety, and an interrupted sleep-wake cycle. These conditions may 
increase the risk of UTI-related delirium. Delirium, the most com-
mon brain dysfunction in critically ill patients, affects not only 
short-term recovery, but can also lead to long-term cognitive 
impairment, post-traumatic stress disorder, and reduced quality of 
life [58].

To identify the presence of delirium, there are tools and meth-
ods that can help in the detection and, subsequently, in choosing 
the best treatment, which is both pharmacological and non- 
pharmacological [64]. In this context, the pharmacist, when using 
these strategies, in addition to seeking the cause and consequently 
the best approach to correct this clinical condition, must guide the 
medical team in choosing the best agent to be used. After the 
choice, it is necessary for the pharmacist to routinely assess 
whether the regimen and dose are optimal and should monitor the 
patient for efficacy and adverse reactions [55, 65].

14.7.6  Stress Ulcer Phophylaxis

Stress ulcers are defined as stress-induced gastritis or gastropathy 
in which the gastric and sometimes esophageal or duodenal muco-
sal barrier is disrupted secondary to severe acute illness [66, 67]. 
They are associated with extreme physiological stress such as 
sepsis, multiple dysfunction, multiple trauma, or severe burns. 
The most common sites for these ulcerations are the gastric body 
and fundus, as well as the antrum and duodenum [68].

In Intensive Care Units, patients who receive mechanical venti-
lation are at risk for this complication. An incidence of approxi-
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mately 1.5% of clinically important gastrointestinal bleeding 
related to stress ulcers has been demonstrated [68]. In cancer 
patients in particular, this pathophysiology is not yet fully under-
stood; it was hypothesized that splanchnic hypoperfusion, com-
promised microcirculation, and the pro-inflammatory state 
predispose patients to rupture of the gastric mucosal barrier and 
the occurrence of stress ulcers [68, 69].

Because of this risk, prophylactic medications must be admin-
istered; the pharmacist must ensure that the patient is receiving an 
appropriate and prophylactic agent, based on the patient’s medical 
history. The drug should be discontinued when the pharmacist re- 
evaluates and realizes that the patient’s condition is better and 
there is no more risk of stress ulcers [70]. Among the drugs used, 
include histamine receptor antagonists and proton pump inhibi-
tors [55].

According to a study that evaluated 2000 physicians who were 
members of the Society of Critical Care Medicine, it was found 
that the implementation of a stress ulcer prophylaxis scheme, 
which may be related to possible bleeding of the mucosa, is nec-
essary for patients in ICU, even though it is a relatively rare event. 
Therefore, the pharmacist should actively act in these situations 
together with the intensive care team and oncologists [70].

14.7.7  Glucose Control

Before starting a chemotherapy treatment, by the medical team, 
it will be necessary to be aware of the patient’s blood glucose 
level, under penalty of affecting the successful completion of 
the treatment, generating, for example, an adverse event, devel-
opment of an infection and/ or hospitalization during treatment 
and increased risk of reduction or discontinuation of chemo-
therapy [71].

In the case of a patient in intensive care, it is necessary to 
control the insulin in the blood, and consequently, the glyce-
mic alterations: hyperglycemia and hypoglycemia. This moni-
toring should be followed according to the protocol of each 
institution [63].
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In critically ill patients, hyperglycemia is common. This situa-
tion is characterized by significant morbidity and mortality in 
intensive care units and resulting from the existence of several 
facts: the release of stress hormones (epinephrine, glucagon, 
growth hormone and cortisol) and the use of medications such as 
corticosteroids (these drugs are often used in conjunction with che-
motherapy) and catecholamines, in addition to the release of 
inflammatory cytokines, in cases of sepsis or surgical trauma [63]. 
These risk factors, which can trigger this change in blood sugar, 
are commonly found in cancer patients. In this regard, the pharma-
cist plays an important role, as he is able to advise, when neces-
sary, the team on the properties of prescribed drugs and help in the 
best pharmaceutical approach for the situation in question [63, 71].

14.7.8  Medication Reconciliation

Due to the critical condition of oncologic and hematologic 
patients, upon admission to the ICU, continuous-use medications 
should be evaluated at the time of admission. Among these drugs 
are the chemotherapeutics themselves, which are often used orally 
at home or injectable chemotherapeutics (which coincide with the 
cycle at the time of hospitalization), in addition to  antihypertensives, 
oral hypoglycemic agents, anxiolytics, antidepressants, and anti-
psychotics [36].

The evaluation consists of verifying the need or not for tempo-
rary suspension, dose adjustment, or continuity of treatment, even 
if it is due to a change in the pharmaceutical form, aiming at a 
better adequacy of the administration route to be used at the spe-
cific moment. In addition, post-ICU pharmaceutical care is also 
needed [72]. Among examples, the following situations stand out: 
during the transition period to hospitalization in the ICU, there 
may be unintentional continuation of medications and, in other 
cases, the unintentional continuation of medications prescribed in 
the ICU after the patient’s clinical improvement [73]. Therefore, 
the medication reconciliation activity is among the interventions 
that reduce medication errors [74].
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14.7.9  Antibiotics or Anti-infectives

Antimicrobials constitute a therapeutic class of paramount impor-
tance in critical oncology and hematological patients, given that 
their prescription positively impacts treatment: thus reducing fail-
ure rates and optimizing antimicrobial therapy. With these activi-
ties, it is also possible to verify improvement in clinical outcomes 
related to the treatment of infections, reduction of antimicrobial 
resistance, and promotion of rational use [55].

To achieve these improvements, it is necessary to verify, by the 
pharmacist, whether there is a need for adjustments in subthera-
peutic and supratherapeutic doses, escalation or de-escalation, 
site of infection, antimicrobial sensitivity test, incorrect duration 
of treatment, adjustment of the infusion time, drug interactions 
and incompatibilities, dilution and reconstitution adjustments, 
and also the need or not to collect cultures [55, 63].

14.7.10  Indications for Medications

During the stay of an oncologic and hematologic patient in an 
intensive care unit, it is possible to verify that the amount of 
 medication present in the prescription created by the doctor is 
vast. This situation happens with some frequency, since patients 
are complex and require medication to treat multiple changes. 
Due to this complexity in pharmacotherapeutic regimens, the 
pharmacist plays an essential role in this scenario [75].

Under these conditions, the pharmacist is responsible for daily 
reviewing all scheduled medications and checking the need or not 
of a certain medication for an appropriate indication [55, 75].

When a drug is detected that is no longer suitable for the 
patient’s current situation, the pharmacist should discuss with the 
intensive care team about a possible withdrawal of the medication, 
providing guidance with justifications and also informing that this 
withdrawal, for example, can reduce the risk of events adverse 
effects, renal and liver overload, drug interactions, medication 
errors, and costs, among others [75]. In addition, the pharmacist 
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must also be able to verify whether, in case of untreated dysfunc-
tion, it is possible to insert a medication for this purpose [55].

14.7.11  Drug Dosing

Due to the clinical state in which the patient is, even more in can-
cer patients where multiple organs can be affected, both due to 
chemotherapy treatment and the involvement of the disease itself, 
in many situations, the renal and hepatic functions can fluctuate 
[55]. On these occasions, the pharmacist must have knowledge 
and know how to verify information with a scientific basis in 
order to suggest dose adjustments to the medical team, if neces-
sary, ensuring, in addition to the adequacy of doses, the preven-
tion of drug accumulation in the body and, consequently, achieving 
outcomes desired [55, 63].

In addition, this analysis should be daily, with monitoring of 
both clinical examinations by the physician, and laboratory tests, 
so that the pharmacist, when necessary, adjusts the doses again 
according to the respective clinical evolution, thus avoiding under 
dosing, for example [55, 63].

It is also important to pay attention to the doses of oncological 
treatment drugs itself (during the stay in the critical sector), when 
continuation is suggested by oncologists and intensivists, as these 
may require periodic adjustments. Remember that this decision to 
continue chemotherapy, during the ICU stay, is analyzed on a case-
by-case basis by the medical team and based on the risk/benefit 
binomial that the patient will present with this exposure [55].

14.7.12  Electrolytes, Hematology, and Other 
Laboratory Results

In critically ill patients, routine pharmaceutical evaluation requires 
laboratory tests. In the aforementioned analysis, it is necessary to 
check the complete blood count, electrolytes (potassium, magne-
sium, calcium, sodium, and phosphorus), biochemistry, and blood 
gases (gas exchange, oxygen saturation, oxygen partial pressure, 
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carbon dioxide partial pressure, bicarbonate, and lactate). 
Furthermore, it is also necessary for the pharmacist to verify the 
information that the nursing team checks, such as temperature, 
heart and respiratory rate, blood pressure, blood glucose, diuresis, 
bowel movements, gastric residue, vomiting, fluid balance, and 
debts and drains [63]. From these controls, the pharmacist can 
intervene recommending the start or discontinuation of electro-
lytes, nutrients, minerals, blood, among others [55].

14.7.13  No Drug Interactions, Allergies, 
Duplications, Side Effects

The risk of drug interactions is a very routine situation in a hospi-
tal environment, especially when it comes to a critically ill patient 
who uses polypharmacy [55].

The pharmacist should identify possible interactions based on 
the prescription made by the physician and identify them as real 
and potential, in addition to verifying drug interactions between 
drug-food and drug-laboratory tests, and, when possible, it is 
plausible to recommend an alternative therapy [55].

Among the drug incompatibilities found, we can mention the 
physicochemical reactions that occur in  vitro between two or 
more drugs, when the solutions are combined in the same syringe, 
equipment, or bottle [76]. Furthermore, physical reactions can 
cause visible changes such as precipitation, color change, consis-
tency, opalescence, or gas production [33].

When admitting patients, it is essential to verify, both with 
them and with their families, the known and reported allergies. 
Based on these collected elements, the pharmacist must assess, 
for example, whether it is an actual allergy or a matter of intoler-
ance. After this analysis, the pharmacist, when necessary, will talk 
to the medical team to make the relevant adjustments and monitor 
the patient with the use of medications [76].

In addition, as mentioned above, when checking the daily 
prescription of each patient admitted to the ICU, drugs that are 
duplicated or when more than one drug is used for the treatment 
of a given complication are also checked, and often this would 
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not be necessary administration, which can lead to drug over-
load [33].

With the help of the multidisciplinary team, in conjunction 
with the intensive care team, it is important to pay attention to 
possible adverse reactions that the patient may have or has already 
had, and the pharmacist should make a careful assessment of 
these details [33].

14.7.14  Stop Dates

The prescription of medications needs to be guided by the 
establishment of a schedule, with a demarcation of the begin-
ning and possible end. The pharmacist, in this context, will be 
responsible for monitoring the days of treatment and reassess-
ing, together with the medical team, the best time for interrup-
tion [63].

Furthermore, it is important to highlight that the pharmacist 
is the specialized and reference professional on drug therapy, 
incumbent on him, therefore, with the duty to ensure that the 
drugs are not discontinued prematurely and, therefore, is pre-
scribed  observing the appropriate duration. In addition, it is their 
responsibility to advise on dose adjustments, timing guidelines, 
infusion rate, appropriateness of dilution, and reconstitution 
[55, 63].

14.8  Hematopoietic Stem Cell Transplantation

Stem cells are widely distributed throughout the human body. 
They consist of a population of cells that have not undergone dif-
ferentiation, but which have the ability to become highly special-
ized, renewing the body’s tissues. Stem cells can be found in 
greater abundance in bone marrow and umbilical cord. Its physi-
cal location is associated with different proliferative properties 
and functions [77]. Hematopoietic stem cells (HSC) comprise a 
particular group capable of self-renewal and differentiation into 
blood tissue and immune system cells [78].
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Hematopoietic stem cell transplantation (HSCT), more popu-
larly known as bone marrow transplantation, is a procedure where 
healthy hematopoietic stem cells are administered to patients who 
have bone marrow dysfunction. HSCT was proposed as a treat-
ment strategy about 60 years ago and is the most widely used cel-
lular immunotherapy to date. It has wide application, being 
performed for the treatment of hematological neoplasms and con-
genital and acquired diseases, including its application in some 
cases of solid tumors [79]. The number of diseases that affect the 
bone marrow is vast, leading to the pathological process. Thus, 
the types of malignancies for which HSCT has been indicated are 
increasing substantially, including neoplasms such as multiple 
myeloma, Hodgkin’s and non-Hodgkin’s lymphoma, acute 
myeloid leukemia, acute lymphocytic leukemia, myelodysplastic 
syndrome, myeloid leukemia. chronic/chronic lymphocytic leu-
kemia, myelofibrosis, essential thrombocytosis, polycythemia 
Vera, and solid tumors; and non-malignant diseases such as: 
aplastic anemia, severe combined immunodeficiency syndrome 
(SCID), thalassemia, sickle cell anemia, among others.

It is important to understand that despite the indications, a 
compatible donor must be chosen. For this, the human leukocyte 
antigen (HLA) system is analyzed, the main histocompatibility 
complex (MHC). HLA is made up of proteins expressed on the 
surface of cells, and is considered a type of signature for each 
individual. Briefly, six types of HLA are evaluated: HLA-A, 
HLA-B, HLA-C, HLA-DP, HLA-DQ, and HLA-DR, which the 
first three are encoded by MHC class I and the others by MHC 
class II.  Determining compatibility requires comparing the 
donor’s HLA with that of the recipient in order to choose the one 
with the greatest genetic similarity to the recipient [80].

The HSCT is commonly divided into two groups: autologous 
and allogeneic, and less frequently, a third group appears, the syn-
geneic. In autologous transplantation, stem cells come from the 
patient and can be removed from the marrow or peripheral blood. 
The material receives a treatment and after purification methods 
the product is reinfused in the patient. The main advantage of this 
technique is the absence of graft-versus-host disease (GVHD). 
However, as disadvantages there may be relapses due to the limi-
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tations of purification techniques, allowing abnormal cells to 
remain and be administered to the patient. Another critical point is 
that its application doesn’t cover all cases of bone marrow abnor-
malities, limiting the use of the technique [81].

Allogeneic transplant requires a donor. The donor may or may 
not be a family member as long as it is compatible with the recip-
ient. To verify compatibility, HLA analysis is performed. Once 
compatibility is confirmed, the stem cells are collected, processed, 
and infused into the receptor [82, 83]. The syngeneic type HSCT 
is less widely discussed due to the low cases number of identical 
twins, which one of them requires a transplant. Interestingly, 
Gahrton et  al. (1999) observed a significant association, which 
syngeneic transplants had better overall survival compared to 
allogeneic transplants [84]. Other works discussed syngeneic 
transplantation showing similar results. A summary of HSCT 
types can be found in Table 14.3.

Table 14.3 Stem cell transplantation types

Type Origin Donor Advantage Disadvantage

Autologous Bone 
marrow, 
peripheral 
blood

The patient is 
his own donor

No GVHD Relapses

Allogeneic Bone 
marrow, 
peripheral 
blood, 
umbilical 
cord

Family: 
siblings or 
other 
compatible 
family 
member

GVHD

Non-family: 
Any person in 
society who is 
compatible

Syngeniec Bone 
marrow, 
peripheral 
blood

Identical twins Low risk 
of relapse

Rare cases due 
to the low 
frequency of 
identical twins

Source: Adapted from Gahrton (1999)
GVHD graft versus host disease
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Complications such as respiratory failure, shock, organ failure, 
among others may arise after HSCT, and for this, intensive care is 
required, leading to the patient’s admission to an intensive care 
unit (ICU). The type of HSCT, HLA incompatibility, graft dis-
ease, and conditioning intensity are risk factors associated with 
admission of these patients to the intensive care unit [85, 86].

The level of autologous or allogeneic post-HSCT complica-
tions is different. In the first case, mortality is estimated at less 
than 3% and the main cause of death is related to disease recur-
rence, which corresponds to 69% of the causes of death [87]. The 
admission rate of these patients to the ICU is 3.3%, which the 
mortality rate increases drastically, reaching 38% of these cases 
[88]. In allogeneic HSCT, the risk of GVHD directly influences 
the mortality rate due to chemotherapy side effects, with pro-
longed immunosuppression. The estimated ICU admission rate 
for allogeneic HSCT is 16% with a range from 9% to 30% in dif-
ferent studies [85, 89]. An index based on allogeneic HSCT 
patient comorbidities (HCT-IC) appears as a predictive tool that 
helps to select candidates for transplantation. The HCT-IC gener-
ates a score and it is categorized into low risk, intermediate risk, 
or high risk. In a cohort of 377 patients admitted in the ICU, it was 
observed that low-risk HCT-IC groups had a better overall sur-
vival (OS) than those classified as high-risk [90].

The mortality rate and OS of HSCT patients admitted to ICU 
has shown an improvement over time; however, the prognosis is 
still poor. In a systematic review, this progressive improvement 
was observed and between 2000 and 2015 the mortality ranged up 
to 75%, while OS was not higher than 30%. These data can be 
even worse compared to previous years [85].

As highlighted by Bayraktar (2016), medical decisions to 
admit the patient to ICU should be based on pre-transplant comor-
bidities, patient functional status, and GVHD grade [85]. These 
parameters were related to the patient’s outcome; however, more 
comprehensive studies with specific objectives need to be con-
ducted in order to identify the best criteria associated with the 
prognosis of the HSCT patient admitted in the ICU.  It is also 
important to highlight that the development of reduced intensity 
conditioning regimens, an early admission to the ICU, and the use 
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of non-invasive mechanical ventilation has contributed to better 
outcomes for these patients [91].

14.9  Toxicity Managment

14.9.1  Hypersensitivity Reactions

Hypersensitivity reactions (HR) has become increasingly com-
mon. With multiple causes, HR is an adverse effect in which an 
exaggerated or inadequate immune response occurs due to the 
exposure to an antigen or allergen [92]. HR can be divided into 
three distinct groups based on immediate responses: type I, type II, 
and type III; and the fourth as a late-response group, type IV. Types 
I to III occur within 24 hours, and type IV occurs after 12 and up 
to 72 hours of exposure to the allergen (Table 14.4) [93].

Table 14.4 Types of hypersensitivity reactions and their clinical manifesta-
tions in patients admitted to ICU

Type

Post- 
exposure 
reaction 
started

Mechanism of 
action Clinical manifestations

I Before 
24 hours

Reaction 
mediated by IgE 
antibodies

Anaphylaxis, allergic bronchial 
asthma, allergic rhinitis, allergic 
conjunctivitis, food allergy, atopic 
eczema, drug allergy

II Cytotoxic 
reaction 
mediated by IgG 
or IgM 
antibodies

Immune thrombocytopenia, 
autoimmune hemolytic anemia, 
autoimmune neutropenia, hemolytic 
disease of the fetus and the 
newborn, good pasture syndrome, 
pemphigus

III Reaction 
mediated by 
immune 
complexes

Serum sickness, Arthus reaction

IV After 
12 hours

Reaction 
mediated by T 
cells

Contact dermatitis, tuberculin-type 
hypersensitivity, and granulomatous- 
type hypersensitivity

Source: Adapted from Kanji (2010)
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The evaluation of HR can include clinical and laboratory anal-
ysis, using the blood count, immunoglobulin dosages (IgE, IgG, 
IgM), skin test, and antibody dosage. In addition to these tests, 
differential analyses may be ordered depending on the patient’s 
characteristics and general condition. The treatment corresponds 
to the diagnosed condition, which may include clinical 
 management, drug administration, identification, and suspension 
of the allergen or even surgical procedures such as tracheotomy in 
the presence of severe laryngeal edema [94, 95].

14.9.2  Corticosteroid Treatment

Corticosteroids (CS), also known as corticosteroids or cortisone, 
constitute a group of steroid hormones that are produced by the 
adrenal glands. The synthetic form of CS was identified in 1935 
and since then a series of studies have investigated its benefits, 
succeeding in wide use throughout the world and in almost all 
areas of medicine [96].

CS can be divided into glucocorticoids and mineralocorti-
coids. While the first is involved with the metabolism of carbo-
hydrates, lipids, and proteins, resulting in immunosuppressive, 
anti- inflammatory and vasoconstrictor activities; mineralocor-
ticoids affect the transport of ions from the epithelial cells of 
the renal tubules through electrolyte regulation and water bal-
ance [97].

Because they have anti-inflammatory and immunosuppressive 
properties, corticosteroids are commonly used in the treatment of 
asthma, allergic disorders, septic shock, rheumatoid arthritis, 
inflammatory bowel disease, multiple sclerosis, autoimmune con-
ditions, post-transplantation, blood cancers, and other immune 
disorders. Despite the numerous beneficial effects, the use of cor-
ticosteroids is limited due to adverse effects caused by high dos-
age or long duration of use. Side effects include skin atrophy, 
osteoporosis, abdominal obesity, hypertension, diabetes, adrenal 
insufficiency, glaucoma, cataract, vascular necrosis, growth retar-
dation, and infections [97–99]. Thus, long-term systemic cortico-
steroid therapy must precede a historical evaluation and complete 
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physical examination in order to assess risk factors and potential 
drug complications, as well as the definition of frequency for 
monitoring the patient’s general status.

Corticosteroids can still cause HR, although it is a rare event 
considering the general population. However, in high-risk groups, 
HR is not uncommon. CS-induced hypersensitivity reactions can 
be divided into two categories: immediate reactions, which occur 
within the first hour after drug administration; and not immediate, 
which can manifest after an hour of drug administration. The non- 
immediate is the most common [100]. Among the HR classifica-
tions, CS trigger IgE-mediated reactions, thus being type I. The 
incidence of hypersensitivity caused by CS varies depending on 
the study population, with allergic contact dermatitis being the 
most common non-immediate reaction. Immediate systemic reac-
tions are rarer regardless of whether administration is oral, paren-
teral, or intra-articular [100, 101]. It is unquestionable that more 
comprehensive studies are needed to assess immediate reactions 
after CS administration.

The use of CS can lead to side effects even in patients who use 
a low dosage, although less frequently. In addition to the possibil-
ity of exacerbating the patient’s pre-existing conditions or induc-
ing new complications, medical knowledge about its clinical 
manifestations caused by the administration of CS is extremely 
necessary.

14.10  Transfusion of Blood Components

The blood components are obtained through physical or chemi-
cal procedures that results in albumin, globulin, and coagulation 
factor concentrate separation from blood. It also includes plate-
lets, red blood cells, and plasma. Nevertheless, the use of these 
valuable components depends on a limited supply and viability 
[102, 103].

According to data from the year 2013 obtained from World 
Health Organization (WHO) Global Database on Blood Safety 
(GDBS) in the reported period there was a total of 112.5 million 
blood donations around the world. The majority of donations 
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were observed in high-income countries wich corresponded to 
47% of the global donation [104]. Approximately 85 million units 
are transfused per year globally [105, 106]. In the United States 
for the year 2013 the second largest number of red blood cells 
(RBC) units were allocated to hematology and oncology. In 2015, 
the largest number of RBC and platelet units were also used in 
hematology and oncology hospital units [107].

Transfusion of red blood cells is a critical care resource used in 
different clinical services including supportive care in cardiovas-
cular and transplant surgery, massive trauma, and therapy for 
solid and hematological malignancies (WHO). Despite its benefi-
cial role and potential to save lives, blood transfusion can threaten 
lives with the possibility of contamination with viruses and bacte-
ria causing an infection [108]. In addition, blood products transfu-
sion is associated with some adverse effects including 
transfusion-associated circulatory overload, hemolysis, acute 
lung injury, and immunomodulating effects [108–110].

Transfusions are common in patients with hematologic/onco-
logic disorders being blood loss and hemodilution the most com-
mon cause of RBC transfusions [105, 111]. Decrease in the count 
or function of platelets and/or coagulopathy is also a cause for 
transfusions in these patients [108]. Nevertheless, transfusion of 
blood products is an important procedure during cancer therapy 
because of myelosuppression caused by chemotherapy. Anemia, 
for example, commits 90% of patients during chemotherapy and 
transfusion is the procedure indicated to alleviate symptomatic 
anemia [102, 110, 112, 113]. In addition, transfusion can be used 
as a prophylactic treatment in that case physicians frequently use 
hemoglobin level as a transfusion need indicator [114].

In the intensive care unit, it is estimated that about 40% of 
critically ill patients receive at least one transfusion during ICU 
staying period [115]. Héber and colleagues demonstrated in their 
Transfusion Requirements in Critical Care trail study that imple-
mentation of a restrictive transfusion protocol reduced allogenic 
blood transfusion in 33% without affecting mortality between 
groups [106, 116]. Chantepie et al. studied the strategy of using a 
restrictive transfusion in patients who received intensive chemo-
therapy, for acute leukemia, or underwent autologous HSCT or 

14 Oncology and Hematology in the ICU



498

allo-HSCT for hematologic malignancies. This group was 
designed to receive 1 unit of RBC per transfusion and was com-
pared with a secondary cohort with similar inclusion criteria who 
received 2 units of RBC per transfusion. Despite 1RBC and 2RBC 
strategy, no difference was observed in RBC transfusion per 
patient and stay between groups. However, there was a significant 
reduction in RBC transfusions in the allo-HSCT subgroup [114]. 
The authors attribute their contrasting results compared to others 
in hematologic or nonhematologic diseases to the higher hemo-
globin level threshold to transfusion indication used in their study 
[117–120]. Thus, several studies have shown that restrictive trans-
fusion associated to a lower hemoglobin threshold may result in a 
reduction in RBC transfusion unit use. Therefore, applying a 
restrictive transfusion strategy, consequently, reduces hospitaliza-
tion costs as a result of the reducing in number of RBC units 
transfused and represents a medical improvement.

14.11  Antimicrobial Therapy

In 1928 the physician and bacteriologist Alexander Fleming acci-
dentally discovered penicillin and changed the infectious diseases 
perspective worldwide [121]. Since then, the administration of 
antimicrobial agents has significantly reduced the morbidity and 
mortality associated with infections. The term “antimicrobial” 
comprises pharmacological agents and include antibacterial, anti-
fungal, antiviral, and antiparasitic drugs.

Due to the condition of immunosuppression caused by hema-
tological diseases and treatment with chemotherapy, hematologi-
cal and oncological patients are more susceptible to the acquisition 
of bacterial and fungal infections. This population most suscepti-
ble to infectious diseases includes patients with severe neutrope-
nia, a condition of reduced number of neutrophils in the blood, 
and patients with hematopoietic stem cell transplantation [122]. 
The risk factors involved with infectious diseases acquisition 
include deficits in the immune system, associated comorbidities, 
and adverse effects of treatments [123, 124].
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Thus, infection cases are frequent in these patients and, there-
fore, they undergo several cycles of antimicrobial therapy [125, 
126]. In a significant portion of cases occur complications that 
contribute to the morbidity and mortality of this population, 
despite advances in the care offered to patients [127]. The high 
use of antimicrobials confers a selective pressure that favors 
resistant organisms, indirectly interfering, for example, in the 
prevalence of Clostridium difficile infection, associated with 
high mortality and prolonged hospitalization in this population 
[128, 129].

Fungal infection rates are increased in patients with prolonged 
neutropenia and/or deficit in immune system [122]. Cancer 
patients in the intensive care unit (ICU) are exposed to multiple 
factors that facilitate invasive fungal infections. The most fre-
quent reponsable for fungal infections are Candida spp. but 
Aspergillus corresponds to an emerging cause of infection in 
ICU patients [130].

Gram-negative bacteria are the main infectious pathogen that 
affect these group of patients, but in recent decades infections by 
gram-positive bacteria increased [131, 132]. Infections with gram-
negative bacteria resistant to multiple drugs (MDR) increased 
among cancer patients and are associated with high mortality rates 
from 36 to 58% due to limited treatment options [131].

Recently, a multicenter study carried out by Rello et al. (2020) 
investigated the challenges associated with the treatment of MDR 
bacteria infections in hematological patients in the ICU. According 
to the applied survey acute leukemia was the most common path-
ological condition found among the physicians responses (48.8%). 
In addition, pneumonia was the most frequent type of infection 
(53.7%) followed by bloodstream infection (31.7%) [131].

In addition, the study developed by the Spisas group identified 
that, among patients in treatment centers, the most frequent and 
high-risk infections in the ICU were caused by extended-spec-
trum B-lactamase (ESBL), Enterobacteriaceae spp. (57.5% of 
responses), Klebsiella pneumoniae resistant to Carbapenems and 
Pseudomonas aeruginosa resistant to Carbapenems, the latter 
being the most lethal according to 37.1% of participants [131]. 
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According to this research in cases of febrile neutropenia, the ini-
tial treatment with anti-gram-negative and positive antibiotics was 
the regimen most indicated by the participants (41%) and mono-
therapy against gram- negatives represented only 23%. The most 
reported therapeutic strategies among the responses were the 
combination of antipseudomonal beta-lactams plus aminoglyco-
sides (68.4%), carbapenem plus glycopeptides (20%), and car-
bapenem plus aminoglycosides (15%) [131].

There are different factors that guide the correct use of anti-
microbial therapy and that must be considered for the definition 
of the therapeutic strategy that will be used. The diagnosis of 
the infectious disease, including identification of the infection 
site and, if possible, the etiologic agent, is an important step. 
The appropriate time to initiate therapy is determined by the 
severity of the situation; in patients in critical conditions such 
as febrile neutropenia, for example, empirical therapy should 
be started immediately after or during material collection for 
diagnosis [133].

It was reported that critically ill patients treated inadequately 
were more likely to die during hospitalization compared to those 
receiving adequate antimicrobial therapy [134]. Therefore, it is 
common to apply the strategy of using a broad spectrum of anti-
microbials as an initial empirical therapy to ensure coverage of 
different pathogens with common clinical symptoms [133]. The 
factors to be considered when selecting the antimicrobial agent 
include renal and hepatic function, history of allergy or intoler-
ance, and history of recent antimicrobial use [133].

The emergence of pathogens resistant to multiple drugs 
requires reduced antimicrobial inappropriate administration 
through correct selection, dosage, route, and duration of treatment 
[135]. The implementation of these strategies supports the mini-
mization of ecological impacts caused by indiscriminate use, such 
as selection and dissemination of multi-resistant organisms.

The main objective of implementing and expanding the 
application of antimicrobial stewardship is to optimize clini-
cal outcomes while minimizing the adverse effects of the use 
of antimicrobials such as toxicity, pathogen selection, and 
emergence of resistance [122, 135]. In addition, it has a sec-
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ondary objective of reducing care costs without impacting its 
quality [135].

Based on different intervention studies on the use of antimi-
crobials in hospitalized adults the Infectious Diseases Society of 
America and the Society for Healthcare Epidemiology of 
America published a guideline about antimicrobial stewardship 
[135]. The development of multidisciplinary antimicrobial stew-
ardship teams for the implementation of several strategies as 
prospective audit with intervention and feedback, formulary 
restriction and preauthorization requirements, educational 
efforts, and antimicrobial cycling among others is suggested t 
[122, 135].

Finally, the antimicrobial therapy use in ICU with hematologi-
cal and oncologic patients is substantial due to the high rate of 
infections in these population. The antimicrobial use has several 
benefits including improvement in clinical outcomes and a posi-
tive impact on reducing mortality. However, it must be managed 
carefully and it is suggested to be assisted by an antimicrobial 
stewardship program.

14.12  Palliative Care

The palliation is an intervention method to alleviate a patient’s 
suffering in a hospital or domiciliary environment. Its aim is to 
mitigate the consequences of severe diseases in the well-being of 
the diagnosed patient and members of their families [136, 137]. 
Palliative care (PC) is a multidisciplinary medical care modality 
specialized in symptom management, spiritual and psychosocial 
support, and assistance in treatment decision for patients diag-
nosed with severe diseases and their families. The professionals 
which compose this medical care modality include physicians, 
nurses, psychologist, social assistant, physiotherapists, and even 
dentists and nutritionists [135, 136].

The medical intervention realized by those professionals 
impacts positively in patients and their family’s life, including 
improved psychosocial, physical, and spiritual symptom manage-
ment, better prognostic comprehension and acceptance, and 
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improved quality of life. An effective communication with the 
patients and their families helps for a better understanding and 
conduction of treatment during this complicated period. Also, 
patients’ beliefs, choices, and history of life should be considered 
and respected, and the family members should be oriented and 
educated to understand how the disease is established, evolutes, 
and affects their relative [136, 138–140].

In the context of advanced Palliative care (PC) cancer pallia-
tive care are traditionally used more frequently with solid tumors, 
whereas just a few patients with hematologic malignancies 
received this specialized care. The possible reasons for this dis-
crepancy include hematologist resistance due to fear of trigging 
anxiety and sadness on patients and the incorrect association of 
palliative care with end- of- life care [138, 139].

Palliative care professionals are trained in several areas useful 
in patients with serious illness care. The main competencies that 
develop during palliative care training programs are  communication 
skills, spiritual, symptom and quality-of-life assessment, and fam-
ily-centered care among others [141]. The benefits of PC imple-
mentation in the care of patients with advanced cancer have been 
demonstrated in diverse clinical trials. In ENABLE II study, for 
example, a cohort of 322 patients diagnosed with gastrointestinal, 
lung, genitourinary, or breast cancer were randomized to palliative 
care or standard oncologic care. It was reported significantly 
higher quality of life, reduced depression, and lower intensity of 
symptoms compared with standard care group.

Furthermore, on a cohort of 151 patients with metastatic non- 
small- cell lung cancer who underwent randomization it was 
observed a better quality of life in early palliative care group com-
pared with patients assigned to standard care. In addition, patients 
in palliative care group presented significantly lower depressive 
symptoms and higher median survival [142]. Prior studies demon-
strated that early integration of PC reduced ICU admissions in the 
end-of-life and was associated with improved patients’ outcomes 
[143]. It has been discussed if patients with knowledge of their 
terminal condition and assisted by palliative care die sooner [144]. 
However, there is published data demonstrating that being 
assigned to a palliative care or ICU did not impact patients’ sur-
vival [145].
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In the literature, there are only a few studies addressing the 
effects of palliative care use for patients with cancer admitted 
to the ICU.  According to studies disponible in the literature, 
palliative care contributes for pain reduction and improvement 
in mental health and life quality [140, 146]. The impact of PC 
on symptoms distress and outcomes in the ICU was character-
ized in a cohort of 88 admitted in the ICU with advanced dis-
ease (76% diagnosed with metastatic disease and 24% had 
locally recurrent and relapsed hematologic disease). The 
comorbidities identified among those patients include pulmo-
nary disease, congestive heart failure, thromboembolic disease, 
diabetes mellitus, and anxiety/depression. The majority of 
patients presented more than one comorbidity listed [140]. The 
main interventions by PC team were made in management and 
pain control using opioids in the majority of patients (99%) and 
steroids (70% of patients). It was provided family counseling 
and spiritual support, besides symptom management and psy-
chosocial support for all patients and their families. It was 
observed an improvement in several symptoms as pain, nausea, 
dyspnea and anxiety [141, 147].

Palliative care is a support offered at any point along the dis-
ease trajectory, independently of prognosis. It is recommended as 
an important and necessary standard part of cancer care and other 
serious illness. It is estimated that if the proportion of people 
needing palliative care remains the same, the number of patients 
needing PC will increase. According to those projections of future 
palliative care need, it would be beneficial a massive increase in 
training of specialist nurses, physicians, and other PC profession-
als and health services improvement to support the growing num-
ber of patients who will need this service [147].
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15.1  Introduction

The operating room has been an ally in cancer treatment since the 
beginning of the discovery of the disease. Even several lines of 
curative cancer treatment include tumor removal. That is why it is 
important for surgeons to have extensive knowledge of the use 
and mechanism of action of chemotherapy drugs, which can be 
used before, after, and during the surgical procedure.

According to a report by the World Health Organization, 80% 
of approximately 15.2 million new cases of cancer that occurred 
in 2015 must have required a surgical procedure at some point in 
the evolution of the disease. Another point to note is that some 
authors state that, despite advances in radiotherapy and chemo-
therapy, surgery remains the basis of support for cancer-related 
care, from curative treatment to treatment support measures [1].

Within this entire context, we have the importance of chemo-
therapy within the operating room itself. Some chemotherapy 
treatments are performed inside an operating room, as a result of 
the route that will be used to administer the drug, e.g., chemo-
embolization, intrathecal chemotherapy, either through the 

A. Menegon (*) 
Clinical Pharmacist of Pharmaceutical Assistance Department,  
July 9th Hospital, São Paulo, São Paulo, Brazil

15

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-98596-7_15&domain=pdf
https://doi.org/10.1007/978-3-030-98596-7_15#DOI


516

Ommaya catheter or lumbar puncture with sedation, hyperther-
mic  intraperitoneal chemotherapy (HIPEC), aerosolized, and 
pressurized intraperitoneal chemotherapy (PIPAC), among other 
therapies.

In this chapter, we will address the main chemotherapy treat-
ments that are performed within the operating room itself, the care 
to be taken by the entire multidisciplinary team that will have con-
tact with the antineoplastic drug, and how a chemotherapy agent 
can make the procedure more dangerous with its possible clinical 
repercussions and interactions.

15.2  Hyperthermic Intraperitoneal 
Chemotherapy (HIPEC)

15.2.1  Overview

This therapy is associated with cytoreductive surgery (CRS); after 
this procedure, this technique is used to complete the treatment. 
CRS, together with HIPEC, appeared as a treatment option for 
peritoneal surface neoplasms, especially those that remain con-
fined in the abdominal–pelvic cavity with minimal invasion of 
underlying organs and without extra-abdominal dissemination, 
and it has been evolving more and more (Table 15.1) [2].

These two combined procedures have become a treatment with 
a curative proposal for a certain group of patients, being the stan-
dard for peritoneal pseudomyxoma (PMP) and diffuse malignant 
peritoneal mesothelioma (MPMD), as well as an alternative for 
several other oncological diseases, such as peritoneal carcinoma-
tosis due to tumors colorectal, appendicular, gastric and ovarian, 
gastrointestinal tumors perforated or invading adjacent organs, 
rare tumors complicated by isolated peritoneal diffusion, in addi-
tion to prophylaxis for peritoneal metastatic disease in patients at 
high risk of peritoneal metastases and palliative care for malig-
nant ascites [2, 3].

After CRS, where the tumor foci are completely resected, it is 
time for the heated chemotherapy to take effect. In addition to the 
cytotoxic action of the antineoplastic drug, heat causes a synergism 
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that increases the cytotoxic effect and potentiates the 
 chemotherapeutic, even improving its penetration into the tumoral 
tissues of the peritoneal and pelvic cavity [4].

HIPEC allows drug perfusion in the cavity and causes poorly 
vascularized tumor tissue to be exposed to high doses of cytotoxic 
agents before the formation of adhesions that limit the circulation 
of peritoneal fluid. The barrier that forms between blood and peri-
toneal fluid prevents the passage of high doses of chemotherapy 
into the plasma, reducing its systemic effects and consequently its 
toxicity [2].

Some studies also report that, in addition to the cytotoxic effect 
of heat, it potentiates the effect of some antimitotic agents (such 
as mitomycin, cisplatin, and oxaliplatin) and increases tissue pen-
etration, reduces resistance mechanisms to certain antineoplastic 
drugs, and induces an anticancer immune response efficiently [2].

When we talk about HIPEC, we have several variables that can 
determine one technique or another. Temperature, dose and choice 

Table 15.1 Chronology of development of cytoreductive surgery (CRS) and 
hyperthermic intraperitoneal chemotherapy (HIPEC) [3]

Period Development

30s Description of debulking of solid ovarian tumors and adjuvant 
chemotherapy or radiation

60s Improved survival of patients with stage IV ovarian cancer 
associated with aggressive CRS

1969 Success reports of aggressive regional therapy in a patient with 
pseudomyxoma peritonei

1977 Infusion and filtration systems made for hyperthermic 
intracavitary perfusion; reports of tumor burden reduction with 
systemic thermotherapy

1979 First case of pseudomyxoma peritonei treated with hyperthermic 
thiotepa

80s Technique tested in various gastrointestinal malignancies; 
development of targeted chemotherapy; first trials of 
intraperitoneal chemotherapy vs. intravenous

90s Peritoneal cancer index development; formal description of 
peritonectomy

00s Description of the debulking score calculation used to measure the 
degree of CRS performed
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of chemotherapy agents, time of abdominal closure, and the 
 circuit used for perfusion and its time are determining factors 
among the techniques used. However, neither technique has man-
aged to show considerable superiority over the other [4].

Comparing the data we found about everything related to 
HIPEC, these are quite heterogeneous, especially in relation to 
technical particularities. However, CRS/HIPEC therapy has 
shown reasonable morbidity and mortality and survival over some 
more conventional treatments in several centers around the world, 
such as in Brazil, where the Brazilian Society of Oncology 
Surgery (SBCO) reinforces this idea, even though there is no stan-
dardization of the technique in the country [2].

A point to be highlighted in relation to HIPEC is that a few 
years ago, the so-called bidirectional HIPEC began to be used, in 
which, in addition to the drug administered intraperitoneally, neo-
plastic agents are concomitantly administered intravenously, 
which proved beneficial in some cases [5].

15.2.2  Pharmacokinetics

After intraperitoneal administration, cytotoxic drugs can reach 
highs in the region, without increasing their systemic levels. This 
difference in concentration is partly due to the slow rate of drug 
movement between the cavity and the plasma, due to the afore-
mentioned plasma–peritoneum barrier. Another situation that 
seems to favor the technique is that the drainage of blood present 
in the cavity occurs through the portal vein, favoring first-pass 
metabolism and increasing its exposure to liver micrometastases 
that can occur there. Antineoplastic drugs are transported by lym-
phatic vessels, generating a greater concentration of the drug in 
the lymph than in the plasma itself. In relation to tissue penetra-
tion, this seems to be a disadvantage of the technique, as studies 
show a maximum value between 3 and 5 mm, hence the impor-
tance of an adequate CRS.

The area under the curve (AUC) of the concentration/time ratio 
of the drugs between the intraperitoneal cavity and the blood 
demonstrates the advantage of this procedure. Transferring its 
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lipophilicity, molecular weight, first-pass metabolism, and hepatic 
clearance, the AUC ratio of the drug administered intraperitone-
ally in relation to the intravenous route may be greater than 1000 
(as in the case of paclitaxel) [5].

15.2.3  Temperature Effects

According to several studies, the temperature range between 41 
and 43 °C is ideal for killing cancer cells. Even though the inter-
ruption of mitosis and the inhibition of RNA synthesis are revers-
ible and non-selective of hyperthermia, the increase in the amount 
of lysosomes and their enzymatic action are selective effects on 
malignant cells. Heat makes these structures more unstable, 
increasing their destructive capacity. Another direct action of 
hyperthermia on tumor cells is the decrease in blood flow in the 
microcirculation.

Hyperthermia causes a reduction or complete inhibition of oxi-
dative metabolism in malignant cells, leading to an increase in 
lactic acid and a lower pH in the cellular environment, which is an 
extremely selective effect. Increased acidity also increases the 
action of lysosomes, resulting in increased cell death.

As already mentioned, the combination of cytotoxic drugs and 
temperature increase causes a good synergistic effect, which 
ranges from increased cell membrane permeability, which 
improves absorption, as well as changes in drug pharmacokinetics 
and cell metabolism. In fact, several drugs had their therapeutic 
index and efficacy apparently increased, both in  vitro and in 
experimental studies in vivo, as is the case of alkylating agents 
[5].

15.2.4  Drug Choice

When thinking about using chemotherapy in the intraperitoneal 
cavity, we must consider certain aspects, such as which drug to 
use and its dosage. It is extremely important that the drug used 
does not have direct toxicity at the administered site, as well as 
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that this drug has known and well-established activity against the 
target cancer. One point to consider is that drugs that need to be 
metabolized before they can actually start working should be dis-
regarded. In the HIPEC procedure, it is necessary to use direct 
cytotoxic chemotherapy.

As systemic exposure occurs and this is variable, it is very 
important to think about the possible toxicity subsequent to this 
exposure and the relation between the volume of the carrier solu-
tion and the body surface. In patients over 60 years of age, dose 
adjustment is also recommended [5].

One thing to consider is the carrier solution to be used. Each 
one has a chemical property that can make a difference, but in 
general, the most used is the peritoneal dialysis solution with 
1.5% glucose. However, other crystalloid solutions or even high 
molecular weight starch can be used [5]. Table  15.2 lists the 
HIPEC regimens commonly used around the world.

15.2.5  Techniques

The CRS/HIPEC procedure is performed in 3 steps:

• Exploration: It consists of an exploratory laparoscopy or direct 
a complete laparotomy followed by cancer assessment.

• Cyto-reduction: It is also called debulking; it is at this stage 
that the surgeon removes visible tumors.

• Chemoperfusion: This is when the abdominal cavity is washed 
with the warm chemotherapy solution [3].

It is in the last stage where differences can occur between one 
or another CRS/HIPEC technique, and in general, there are two 
types: open (also known as coliseum technique) or closed.

In the open abdomen technique, a Tenckhoff catheter is used 
and four closed suction drains are placed in the abdominal wall. 
Temperature probes are also placed for control. From there, the 
skin edges of the abdominal incision are lifted, creating an open 
space.
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The solution is infused for approximately 90 minutes, and all 
anatomical structures in the peritoneal cavity are evenly exposed 
to heat and cytotoxic agents by continuous manipulation of the 
perfusate. The solution is perfused through a Tenckhoff catheter 
through a pump and removed from the cavity through drains at a 
rate of around 1 L/min. At this first moment, only the carrier solu-
tion is infused, without chemotherapy. There is also a heat 

Table 15.2 Commonly used HIPEC regimens around the world [2, 5]

Drugs and doses
Duration 
(min) Indication

Mitomycin C 15  
mg/m2 Doxorubicin 
15 mg/m2

90 Appendiceal and colorectal 
carcinomatosis

Cisplatin 50 mg/m2   
Doxorubicin 15 mg/m2

90 Gastric cancer, peritoneal 
mesothelioma, ovarian cancer

Oxaliplatin 130 mg/m2 60 Appendiceal and colorectal 
carcinomatosis

Melphalan 50–70  
mg/m2

60 Carcinomatosis with incomplete 
cytoreduction

Oxaliplatin 460 mg/m2 30 Colorectal carcinomatosis
Mitomycin C 35  
mg/m2

90 Appendiceal and colorectal 
carcinomatosis

Cisplatin 43 mg/L    
Doxorubicin 
15.25 mg/L

90 Peritoneal mesothelioma and 
advanced ovarian cancer

Mitomycin C 3.3  
mg/m2/L   Cisplatin 
25 mg/m2/L

90 Appendiceal, colorectal 
carcinomatosis, advanced ovarian 
cancer, and peritoneal mesothelioma

Mitomycin 0.5 mg/kg    
Cisplatin 0,7 mg/kg

90 Peritoneal mesothelioma

Cisplatin 20 mg/m2/L 90 Recurrent and chemoresistant stage 
III ovarian cancer

Cisplatin 250 mg/m2 90 Peritoneal mesothelioma
Oxaliplatin 360 mg/m2 30 Pseudomyxoma peritonei and 

peritoneal mesothelioma
Cisplatin 100 mg/m2 +  
Doxorubicin 15mg/m2

60 Pseudomyxoma peritonei

Carboplatin 800  
mg/m2

60 Peritoneal mesothelioma
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exchanger that keeps the infused solution between 43 and 45 °C, 
causing the intraperitoneal fluid to remain between 41 and 
43 °C. After adjusting all these steps, the chemotherapy is added 
and the infusion time is started. It is important to note that a plas-
tic protection is placed over the system to protect and prevent pos-
sible leakage.

During the open technique, the heated chemotherapy is prop-
erly distributed throughout the cavity and there is no accumula-
tion of temperature or chemotherapy, having a better distribution 
of fluids when compared to the closed technique. The fact that the 
cavity remains open during the procedure favors its main disad-
vantages. During this technique, there is greater heat dissipation, 
making temperature control difficult, in addition to the exposure 
of professionals involved by direct contact with the drug or aero-
sols formed by heating the fluid.

The closed technique uses the same catheter and the same 
probes as the open technique, but the edges are sutured in order to 
perfuse in a closed system. After starting the infusion of fluids, the 
patient’s abdominal wall must be manually agitated at all times to 
obtain an even distribution of heat. Therefore, a larger volume of 
perfusate is usually needed. Because the system is closed, greater 
pressure is achieved, which may eventually facilitate the penetra-
tion of cytotoxic agents into tissues. After finishing the perfusion, 
the abdomen is opened again and all the contents are removed.

As the system is closed, the ideal temperature is more easily 
reached and maintained when we camp with the open technique. 
Another advantage is the minimal exposure of professionals to 
cytotoxic drugs, either in fluid form or in aerosols. On the other 
hand, there is an uneven distribution of chemotherapy and heat, 
which can cause injuries due to high temperatures and under-
treated areas [5].

15.2.6  Safety

Because this entire process involves chemotherapy, the pharma-
cist has an essential role, from preparation to administration, even 
though this last step takes place in the operating room without the 
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supervision of a pharmacist. The orientation process must be very 
well done and strictly followed by professionals.

First of all, the professional who is carrying the bag prepared 
with the chemotherapy or even the professionals who will be pres-
ent in the room must be properly dressed with a waterproof dis-
posable apron, gloves, cap, glasses, mask, among others, in 
addition to paying attention to any leak in the bag or precipitation.

The operating room itself must also be prepared and organized 
with disposable and waterproof materials, especially sheets, prop-
erly identified disposal containers, in addition to the materials 
needed in case of extravasation or even spillage. The room must 
be identified, indicating that HIPEC will take place there, and 
after CRS to start the perfusion, circulation must be restricted. If 
the technique to be used is open, a smoke evacuator is used to 
minimize contamination by aerosols [5].

If chemotherapy spills, room cleaning should be started imme-
diately, and all contaminated clothing should be discarded in the 
proper location. If the cytotoxic agent comes into contact with the 
skin, it must be washed with water and mild soap. If the affected 
area is the eyes, they should be washed with water or saline solu-
tion [5], remembering that the parts of the body that have had 
contact with chemotherapy can be considered contaminated for 
48 hours [3].

The patient must always be aware of the risks and adverse 
effects arising from the use of chemotherapy, so the pharmacist 
must always guide the patient and family.

15.3  Aerosolized and Pressurized 
Intraperitoneal Chemotherapy (PIPAC)

15.3.1  Overview

In an attempt to improve the techniques used to administer intra-
peritoneal chemotherapy and avoid the difficulties found in peri-
toneal hyperthermic chemotherapy, the PIPAC model was 
designed. However, it should not be considered an alternative to 
CRS/HIPEC in all cases. This new technique has certain 
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advantages compared to techniques that use drugs in liquid form, 
such as reduced morbidity, better tissue penetration, an efficient 
 distribution of the chemotherapeutic drug, and fewer adverse 
effects. Because this technique forms aerosols, a disadvantage is 
the safety of the professionals involved due to the difficult control 
of the gases formed [6].

In this technique, chemotherapy is nebulized with carbon diox-
ide (CO2) to create an aerosol, a pharmaceutical form that has two 
phases: liquid (droplets) and gas. The aerosol is applied directly 
into the pressurized peritoneal cavity, causing a pressure differ-
ence between the intraperitoneal and extraperitoneal means; con-
sequently, the diffusion of substances in the peritoneum is 
increased [7].

One of the main differences between PIPAC and other tech-
niques, in addition to the pharmaceutical form of the chemother-
apy, is the preparation of the operating room. Before starting the 
procedure, we must pay attention to the presence of three resources 
present at the site: unidirectional airflow, port with hermetic seal, 
and negative pressure. Another important point is patient monitor-
ing. The professional must be able to monitor the patient remotely, 
so he needs the proper equipment such as a remote monitor [8].

As PIPAC is a relatively new technique, there are little data on 
the drugs used. However, the most used are cisplatin 7.5 mg/m2 in 
nebulization for around 3 to 6 minutes, followed by doxorubicin 
1.5 mg/m2 [7].

15.3.2  Technique

When preparing the patient and the room for the PIPAC, the posi-
tion he will be in must be taken into account, as he needs to be 
observed from outside the room. To apply the aerosol, a longitu-
dinal incision is made in the abdomen and the device that will 
administer the drug into the cavity is introduced. After that, a 
pneumoperitoneum is provoked. From there, we can aspirate the 
ascetic fluid, if necessary, or proceed to the aerosolization of 
intraperitoneal chemotherapy.
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When the patient, operating room and materials are ready and 
protected, the team supplies the chemotherapy in the injector and 
leaves the room, which must be sealed. Only after all these steps 
begins the administration of the chemotherapy drug. After the 
aerosolization procedure, the pressure is maintained to remain 
with the therapeutic pneumoperitoneum. After this time, profes-
sionals return to the operating room dressed, the insufflator is 
turned off, and the drug is aspirated. The medical professional 
checks the intraperitoneal cavity and then closes the patient’s 
abdomen [8].

15.3.3  Safety

In general, care related to chemotherapy is the same as in CRS/
HIPEC, where attention must be paid during the transport and 
administration of the chemotherapy agent and any suspicion of 
spillage. Pharmaceutical guidance and room preparation continue 
to be extremely important.

Due to the fact that it generates a lot of aerosols, in theory, this 
technique offers much more risk to the professionals involved. 
However, several studies point to the safety of the procedure if the 
room is properly prepared and professionals properly dressed. 
Even so, toxicological analysis must be considered.

If there is a spillage of chemotherapy or any aerosol leakage 
due to failure to prepare the room, cleaning must be started imme-
diately and all the steps mentioned above in relation to HIPEC 
must be followed: All contaminated clothing must be discarded in 
the proper place. If the cytotoxic agent comes into contact with 
the skin, it must be washed with water and mild soap. If the 
affected area is the eyes, they should be washed with water or 
saline solution [5], remembering that the parts of the body that 
have had contact with chemotherapy can be considered contami-
nated for 48 hours [6–8].

As with HIPEC, the patient must always be aware of the risks 
and adverse effects arising from the use of chemotherapy, and the 
pharmaceutical professional is also essential at this time.
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15.4  Chemoembolization

15.4.1  Overview

Another therapy performed in a surgical environment, but which 
this time is not related to major surgeries or administration routes 
different from the usual one, is chemoembolization. This proce-
dure is an interventional technique and widely used mainly for the 
treatment of hepatocellular carcinomas, which is nothing more 
than the intra-arterial infusion of chemotherapeutic agents with 
embolic particles, thus causing microinfarctions associated with 
the local action of chemotherapy.

Hepatocellular carcinomas originate from the malignant trans-
formation of the hepatocyte, possibly associated with chronic 
liver complications, cirrhosis being the main one. It is also one of 
the cancers that cause the most deaths worldwide. The main treat-
ment is liver transplantation, given the extensive liver dysfunction 
caused by the lesions. However, the discovery of this type of can-
cer may be late, which requires an urgency that cannot always 
wait for a transplant. This is why chemoembolization is so impor-
tant in this context.

Chemoembolization is a therapeutic method aimed mainly at 
slowing down the evolution of hepatocarcinoma and keeping the 
patient in a position to reach liver transplantation. It can be per-
formed several times with certain time intervals to be defined by 
the medical team. However, there is no consensus in the literature 
on how to proceed with chemoembolization in the best way due to 
several factors that vary according to the institution, such as wait-
ing time.

As there is no consensus, each center uses the chemotherapy 
drug and the embolic particles they prefer. Mitomycin C, doxoru-
bicin, and cisplatin are the most used neoplastic agents, the for-
mer being less toxic, but apparently less effective than the others. 
The same goes for embolic agents, with lipiodol apparently being 
less toxic and less effective when compared to gelatin sponge and 
polyvinyl alcohol. The choice of these agents varies from the 
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severity and stage of the disease to the state of liver function at the 
time of the procedure.

The infusion of the chemotherapy–embolic agent mixture can 
be done through several arteries. The main ones are proper hepatic 
artery, right hepatic artery, and left hepatic artery via femoral 
artery puncture. Occasionally, access may be via the radial, bra-
chial, or axillary arteries [9].

15.4.2  Safety

As a less complex procedure and an exclusively injectable route, 
chemoembolization offers less risk to the professionals involved. 
Even so, you need to be very careful during the transport and 
administration of the drug. The professional’s proper attire must 
also be guided by the pharmacist, as well as the team that will be 
with the patient after the surgical procedure. It is a consensus and 
precaution with the patient’s excreta for at least 48  hours after 
administration. Patient and family must also be oriented about the 
richness and effects of drugs [9].

15.5  Intrathecal Chemotherapy

15.5.1  Overview

Although the administration of drugs via the intrathecal route is 
not exclusive to the surgical environment, it can be done via lum-
bar puncture at the bedside, but there are cases of patients who are 
taken to the operating room to benefit from this technique, such as 
those who need sedation or even use the Ommaya catheter.

The prevention of neoplastic infiltration or even the treatment 
of central nervous system (CNS) neoplasms is done through the 
intrathecal route, showing considerable efficacy. Even to prevent 
the relapse of acute lymphoblastic leukemia (ALL), chemother-
apy drugs are used in this way.
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Due to the existence of the blood–brain barrier (BBB), it is dif-
ficult to reach adequate concentrations of several drugs in the 
CNS. This barrier is a structure formed by endothelial cells from 
the central nervous system’s capillary network, preventing the 
free passage of molecules and ions. We must also highlight the 
presence and importance of the cerebrospinal fluid (CSF), which 
regulates the environment in the central nervous system, and is 
through it that we are able to diagnose various diseases.

The drugs to be used, volume and diluents, and the administra-
tion technique and the professional’s preparation are factors that 
totally influence the effectiveness and appearance of adverse 
effects [10].

15.5.2  Techniques

Basically, intrathecal administration is nothing more than the 
direct infusion of the drug in the CNS and can be done through 
two methods: lumbar puncture (LP) or in the lateral ventricle 
through an Ommaya catheter [10].

15.5.2.1  Lumbar Puncture
The aim of this technique is to reach the subarachnoid space with 
a diagnostic objective, when a certain volume is collected for 
investigation, or therapeutic, where the drug is infused. One of the 
determining factors for the technique is the position in which the 
patient will be during the procedure: preferably in lateral decubi-
tus for adults and sitting for children.

This procedure can be quite painful depending on the profes-
sional’s experience, the gauge of the needle, and even the patient’s 
pain threshold, which is why local anesthetics are commonly 
used. Children almost always undergo the procedure with phar-
macological sedation before the procedure, and occasionally 
some adults do too.

In diagnostic lumbar puncture, a small amount of CSF is 
removed, being 2–3  mL in newborns, 5–8  mL in children and 
adolescents, and 6–8 mL in adults. The therapeutic objective LP 
is a continuation of the diagnostic technique, where after remov-
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ing a certain volume of CSF, the drug is slowly administered 
between 3 and 5 minutes, in order to avoid headaches. In general, 
there is no consensus in the literature on drug dilution, but usually 
a volume of CSF similar to that of the diluted drug is extracted in 
order to avoid increased intracranial pressure and several other 
adverse effects.

After intrathecal administration, the patient should be in a 
position that facilitates the drug penetration or reduces side effects 
such as post-puncture headache. But this guidance is at the discre-
tion of the medical professional and may vary from 1 hour in the 
prone position to 12 hours in the supine position.

The most common adverse effects and complications related to 
the LP technique are post-puncture headache, low back pain, 
hemorrhages, and even infections [10].

15.5.2.2  Ommaya Catheter
Ommaya reservoir or catheter is an intraventricular device inserted 
into the lateral ventricles of the brain via the subcutaneous tissue 
of the scalp. Its main indication is for patients who need frequent 
and prolonged treatment in the CNS. The placement of this reser-
voir increases the risk of bleeding and infections, in addition to 
complications associated with misuse and functioning.

One of the advantages of this technique in relation to LP is the 
homogeneous distribution of the chemotherapy drug in the sub-
arachnoid space. When we compare the concentrations of drugs in 
the CSF soon after administration in the two techniques, we 
observe that the infusion through the catheter reaches a concentra-
tion much higher and faster than that of the lumbar puncture. In 
addition, the patient’s position after LP is proven to be very 
important to reach the desired concentrations, and if the patient 
does not follow the guidelines, it can affect the treatment.

In intrathecal administration via an Ommaya catheter, the 
drug is injected into the ventricular reservoir. First, a certain 
amount of CSF is removed, ranging from 12 to 20 mL, and after 
that, the chemotherapy is infused at a rate of approximately 
1 mL/minute. After the infusion, approximately 10 mL of previ-
ously extracted CSF will be reinfused, both to clean the needle 
and the catheter [10].
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15.5.3  Drug Choice

Because CSF is a specific medium (Table 15.3), some precautions 
during drug preparation should be considered, such as pH, osmo-
larity, and ionization level, as well as diluent characteristics, such 
as sterility, apyrogenicity, and no preservatives.

It is at this stage of drug preparation that the pharmacist is 
again present and plays an important role, to guarantee a product 
with these qualities. Solutions with pH and osmolarity very differ-
ent from those of CSF can reduce tolerability, the presence of pre-
servatives can cause the most diverse adverse effects, and drug 
contamination can cause even worse adverse effects.

The main chemotherapy drugs used in practice are methotrex-
ate (MTX), cytarabine (Ara-C), and glucocorticoids. Recent stud-
ies have also shown the effectiveness of two monoclonal 
antibodies: rituximab and trastuzumab.

Methotrexate is not metabolized in the CSF, so its pharma-
cokinetics are different when administered intravenously. Its 
elimination depends on CSF flow and usually reaches very low 
doses considered subtherapeutic after 4  days of intrathecal 
administration.

Table 15.3 Physical–chemical properties of CSF [10]

Parameter Normal LCR

Aspect Crystalline
Cells 0–5/mm3 (lymphocytes)
Proteins 15–45 mg/dL
Glucose 50–80 mg/dL
Chlorides 116–122 mEq/L
Sodium 117–137 mEq/L
Potassium 2.3–4.6 mEq/L
Osmolarity 292–297 mOsm/L
Density 1.0005–1.0007 g/mL
pH 7.31
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The dose should not be calculated either by weight or by body 
surface, as children may have the same volume of CSF as adults. 
Therefore, to calculate the dose, age is used. The older the age, the 
higher the dose, which may vary from 6–8 mg in patients under 
2 years old, up to 15 mg in adult patients over 18 years old.

Intrathecal administration of MTX can cause both acute and 
long-term neurotoxicity. Usually after drug infusion, symptoms 
such as headache, nausea, and neck stiffness may appear, the main 
adverse effect reported being aseptic meningitis or chemical 
arachnoiditis. Occasionally, dizziness, seizures, and subacute 
encephalopathy may occur. To try to minimize the effects, the 
concomitant administration of corticosteroids is indicated.

Cytarabine has basically the same pharmacokinetic character-
istics as MTX, its metabolization in the CSF is practically insig-
nificant, and drug elimination depends on the flow of the 
cerebrospinal fluid.

Intrathecal ARA-C doses should also be calculated by age not 
body surface area or weight, ranging from 20 mg mainly for chil-
dren under 1 year to 100 mg for adults. As undesirable effects of 
cytarabine, we can point out aseptic meningitis, seizures, enceph-
alopathy, and transverse myelopathy. There is also the alternative 
of liposomal cytarabine, which is nothing more than a controlled 
release formulation of aqueous cytarabine encapsulated in spheri-
cal and multivesicular particles. Basically, this presentation has as 
main feature the longer elimination half-life in the LCR. On the 
other hand, its toxicity is higher and may cause seizures and 
encephalopathy more frequently, in addition to cauda equina syn-
drome and pseudotumor cerebri. In general, there is a consensus 
that the dose to be used is always 50 mg in adults.

Although glucocorticoids are not chemotherapeutic agents, 
they will be mentioned here because of their importance in the 
technique of intrathecal administration of antineoplastic agents. 
Although they are quickly cleared from the CSF, when combined 
with ARA-C and MTX, they have two main effects: increasing 
effectiveness and decreasing the incidence of meningeal irritation.

In general, they are drugs with few adverse effects, being 
related to cases of headache, nausea, and confusion, in addition to 
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isolated cases of depressive syndromes and psychosis. The main 
drugs of this class used in practice are dexamethasone and pred-
nisolone, but hydrocortisone and methylprednisolone can be used. 
The doses to be used vary widely from center and which cortico-
steroid will be used.

Speaking of monoclonal antibodies, trastuzumab is indicated 
for the treatment of HER2-positive breast cancer and rituximab 
for B-cell lymphoma. The first one can be administered intrathe-
cally alone or with MTX, in a regimen of up to 25 mg, showing 
good results. The second can also be administered alone or in 
combination with liposomal cytarabine, in doses that can reach 
50 mg, with good results. Expected effects after infusion of these 
drugs are headache, nausea, and vomiting.

Finally, intrathecal triple therapy consisting of the administra-
tion of MTX, ARA-C, and glucocorticoids, in the same syringe, 
has shown several promising results, without increasing adverse 
effects. This mixture has a synergistic effect for both prophylaxis 
and treatment of neoplastic meningitis [10].

15.5.4  Safety

As much as this technique uses low volumes, the drugs used are 
quite aggressive. Therefore, all the precautions already mentioned 
above, such as proper attire of all professionals who will partici-
pate in the procedure and care with handling, must be considered. 
In addition to orienting the multidisciplinary team regarding these 
risks, patient and family guidance is also extremely important.

15.6  Clinical Repercussions of Chemotherapy

So far, we have covered several ways in which we can use chemo-
therapy within the operating room. However, this is not the only 
point to be considered when relating these two variables. It is 
extremely important that not only the surgeon has extensive 
knowledge of drugs, but also the anesthesiologist.
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We have seen that in the various techniques presented, patients 
are sedated; therefore, chemotherapeutic agents will not be the 
only drugs that will be circulating in the patient’s bloodstream. 
Even patients who will undergo a surgical procedure, other than 
those already mentioned, such as other oncological surgeries or 
catheter insertion, may be using curative chemotherapy, neoadju-
vants, and adjuvants that may have a clinical repercussion if they 
interact with other drugs. Today, there are several pharmacological 
classes of chemotherapeutics (Table 15.4), each with its specific-
ity, action, and adverse effects. As examples, we can mention that 
the alkylating agents that cause the disruption of the purine ring 
and blocking mitosis are the largest group of cytotoxic drugs and 
have nausea, vomiting, and myelosuppression as adverse effects; 
antimetabolites that have structures similar to several structures in 
our body, acting on enzymes and blocking the normal cell cycle 
that mainly causes inflammation and ulcerations; “vinca” alkaloids 
that break down microtubules present in mitosis are potent neuro-
toxic and cause hyperuricemia; and anthracyclines that form stable 
complexes with DNA inhibiting its synthesis, among others.

Citing just a few classes, we can already see how important it 
is to have knowledge of all the mechanisms of chemotherapy to 
measure their clinical repercussions (Table  15.5) and possible 
interactions.

Table 15.4 Classification of the main chemotherapy drugs [11]

Classification Examples

Alkylants Cyclophosphamide, melphalan, thiotepa, 
busulfan, and carmustine

Antimetabolites Methotrexate, cytarabine, 5-fluoracil, 
azathioprine, mercaptopurine

Antitumor antibiotics Daunorubicin, doxorubicin, bleomycin
Enzymes Asparaginase
Vinca alkaloids Vincristine, vinblastine, paclitaxel
Platinum analogs Cisplatin, carboplatin
Hormones Tamoxifen, estrogens
Drugs that alter the 
immune response

Cytotoxic immunosuppressants, 
corticosteroids, immunostimulants

Others Hydroxyurea, procarbazine
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When we analyze each system in the body, we see how much 
of the effects chemotherapy drugs can have the following:

• Cardiovascular: cardiomyopathy, myocardial fibrosis, myocar-
dial ischemia.

• Pulmonary: pneumonitis, pulmonary edema, pleural effusion.
• Gastrointestinal: nausea and vomiting, electrolyte distur-

bances, mucositis.
• Hematopoietic: myelosuppression.
• Liver: liver dysfunction.
• Renal: renal dysfunction, nephropathy.
• Immunological: anaphylactic reactions.
• Neurological: autonomous and peripheral neuropathies, sei-

zures.
• Metabolic: inadequate suppression of hormones.

Patients exposed to these chemotherapeutic agents must have 
their anamnesis well done and their history well explored. A 
major surgery with a lot of volume infusion can be fatal for a 
patient who is already experiencing some chemotherapy-related 
cardiotoxicity [11].

15.7  Drug Interactions of Chemotherapy 
Agents

Drug interactions, on the other hand, can be considered a little 
more predictable and can be avoided or even monitored. Table 15.6 
shows us some of the main interactions that can occur.

In addition to the interactions shown in the table, several others 
can be cited and entered the radar of professionals responsible for 
the patient, such as physicians and pharmacists, for example:

• Vincristine or vinblastine: It can cause peripheral neuropathy, 
which added to the effect of vasodilators can cause hypoten-
sion in the preoperative period.

• Methotrexate: It may increase the sedative effect of barbiturate 
and opioid drugs.
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• Estrogens and androgens: They can lead to hypercalcemia, 
which requires strict monitoring of calcium and renal output.

• Azathioprine: It may reduce the metabolism of ester-type anes-
thetics.

Due to this fact, the guidelines are given by the pharmacists to 
the entire team that will participate in the procedure and the good 
relationship of these with surgeons and anesthetists facilitates the 
exchange of knowledge about interactions and increases the 
chance to avoid them.

15.8  Conclusion

Since the surgical treatment of several cancers is increasing, 
knowledge about the entire process of using chemotherapeutics in 
operating rooms or even preoperatively becomes extremely 
important. Knowing how a given anticancer drug works and how 
to manage it is one of the great challenges.

The pharmacist has an outstanding role in this entire process, 
as he is the professional who will prepare the chemotherapy, and 
at the same time, he is the professional who guides the entire team 

Table 15.6 Main interactions between chemotherapy and drugs used in 
anesthesia [11]

Chemotherapeutic 
agent Anesthetic agent Interaction effect

Cyclophosphamide Succinylcholine Increased effect of 
succinylcholine

Azathioprine Neuromuscular 
blockers

“Resistance”

Procarbazine CNS depressants Increased effects of 
sympathomimetics

Bleomycin Oxygen Pulmonary fibrosis
Thiotepa Succinylcholine Increased effect of 

succinylcholine
Methotrexate Nitrous oxide Increased cytotoxic effect and 

toxicity of methotrexate

A. Menegon
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regarding the risks inherent in the use of chemotherapy in the 
various techniques already mentioned.

Analyzing the techniques presented in the chapter, we see 
room for improvement in all of them, whether in the study of new 
drugs, evolution of the techniques themselves, and awareness of 
all the professionals involved.

Knowing how to manage the clinical repercussions of a che-
motherapy drug is still for few and that makes a difference, as it 
can save lives. Likewise, managing an interaction between che-
motherapy and any other drug used in the procedure is still very 
important.
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16.1  Introduction

Rheumatology is a branch of medicine related to the different 
conditions that affect any structure that makes up the musculo-
skeletal system, such as joints, bones, cartilage, tendons, liga-
ment, and muscles [1]. Rheumatic diseases, also called arthritis or 
musculoskeletal diseases, include a common symptoms like joint 
pain, loss of motion in a joint or joints, and inflammatory pro-
cesses. There exists a complex relationship between malignancies 
diseases and the development of autoimmune and rheumatic dis-
eases, as a function of the cancer progress or the use of cancer 
chemotherapeutic agents, which can also lead to manifestations of 
rheumatologic diseases and other kinds of adverse effects, as 
anomalies of the immune system, which augment risks of infec-
tions or a frail immunity [2, 3].

Chemotherapy refers to treatment with drugs that are used 
often to kill or slow the reproduction of rapidly growing cancer 
cells. But there are also other uses for chemotherapy. Rheumatology 
is designed to alter the abnormal behavior of cells. In many cases, 
inflammation results from autoimmunity, a malfunction of the 
immune system in which a person’s own tissues or organs are 
mistakenly attacked by the body’s immune system.

Consequently, rheumatic and malignant diseases sometimes 
occur in the same patient, either as consequence or simultane-
ously. It is important to clarify that there are records that establish 
an increased risk of developing malignant diseases due to sys-
temic inflammatory diseases, such as rheumatoid arthritis (RA), 
Sjögren’s syndrome, or systemic lupus erythematosus. This con-
dition requires that the decision regarding treatment is made by 
the oncologist in association with the rheumatologist, and once 
the management is decided, these patients need intensive moni-
toring.

It is possible to establish a causal relationship between the two 
conditions. In principle, it is plausible that a healthy person could 
develop a malignant disease and, over time, develop a rheumato-
logic disease, with no apparent cause connected with each other. 
However, the treatment of malignant disease can induce a 
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 rheumatic condition (such as osteoporosis), and in some cases, 
anticancer treatment itself can be used to treat some rheumatic 
complications, such as rituximab and can be used to treat lym-
phoma and RA [4]. On the other hand, if the initial situation starts 
with a rheumatic disease, it is important to note that some sup-
portive drugs used in rheumatology have the potential to induce or 
promote a malignant disease or can also be used in the treatment 
of malignant diseases [4]. Considering these aspects, it is possible 
to observe that there is a close complex relationship between 
oncological and rheumatological complications.

In this chapter, it is intended to gather information on some 
rheumatic diseases, relate their pathophysiology, epidemiology, 
and their respective treatments, including the treatments that are 
common between rheumatic and oncological diseases, such as 
antimetabolites and monoclonal antibodies, and, additionally, list 
some reports of case of occurrence of malignant disease simulta-
neously or because of rheumatic disease. The indication for the 
use of NSAIDs and corticosteroids will not be addressed, despite 
being the first line of treatment in many rheumatologic diseases.

16.2  Systemic Lupus Erythematosus

Systemic lupus erythematosus (SLE) is a chronic autoimmune 
disease with a wide range of clinical manifestations and multisys-
tem involvement. Etiology of SLE is complex because disease 
initiation and progression involve environmental, immunological, 
genetic, and hormonal factors. SLE immunopathogenesis includes 
dysregulation of the innate and adaptive immune systems, pres-
ence of autoantibodies and immunocomplexes, activation of the 
complement system, production of several cytokines including 
type I interferons, and disturbance on the elimination of nucleic 
acids after cell death [5, 6].

More than 80 risk loci for SLE susceptibility have been identi-
fied, and many genes were related to adaptive and innate immu-
nity like HLA, BLK, IRF5, ITGAM-ITGAX, and PXK, but 
several genetics risk associations such JAZF1, XKR6, UHRF1BP1, 
or WDFY4 still remain unexplained. Environmental triggers 
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related to lupus are ultraviolet light, drugs/supplements (sulfa- 
drugs), smoking, infection by Epstein–Barr Virus, vitamin D defi-
ciency, and silica [7, 8].

Female gender and hormonal influence are expressive risk fac-
tors for SLE. While androgens are considered protective, prolac-
tin and estrogens stimulate autoimmunity, lymphocyte activation, 
and higher levels of B-cell activation factor [5].

Both innate and adaptive immune systems participate in the 
pathogenesis of SLE.  Apoptotic cells (like UV-light exposed 
keratinocytes) release DAMPs activating Toll-like receptors 2, 4, 
and 6 (TLRs) leading to activation of transcription factors for the 
expression of proinflammatory mediators, for example, IFN-b 
(interferon B). TLRs 7 and 9 are recognized single-stranded 
RNA and demethylated DNA causing increase in the production 
of interferon-alpha and RNA-binding autoantibodies such as Ro, 
La, Sm, and RNP. Additionally, RNA sensors (RIG-1, MDA-5) 
and DNA sensors (IFI16, DAI) placed in cytoplasm promote acti-
vation of transcription factors IRF3 and NF-κB in an TLR- 
independent pathway. Damaged cell-derived antigens can be 
presented to T cells by antigen-presenting cells. T-cell gene 
expression is dysregulated in SLE, and these T cells express 
cytokines related to altered regulatory T-cell production (IL2) 
and increase in mononuclear cell production (IL-6, IL-10, IL-12, 
and IL-23). High expression of interferon-γ results in defective 
T-cell production. Autoreactive B cells are activated by CD40L 
and cytokine produced by T cells. Autoantibodies produced by 
activated B cells are pathogenic and can induce tissue and organ 
damage by immune complex deposition, complement and neu-
trophil activation, and disrupting cell function resulting in apop-
tosis [5, 7, 9].

Around the world, women are more affected by SLE than men. 
Black, Hispanic, and Asian populations have higher incidence and 
prevalence rates than white populations. Mortality among patients 
with SLE is two to three times higher than that of the general 
population, and the main causes of death include are infections 
and cardiovascular disease [7, 8].

SLE treatment seeks to ensure low degree of activity by immu-
nomodulators and immunosuppression, preventing organ damage 
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and reducing exposition to known triggers. Immunomodulators 
are important in the immune system regulation reducing the risk 
of infection or malignancy, and in this approach, drugs are used 
like hydroxychloroquine, which is the drug of choice for most 
dermatologic manifestations, vitamin D, and dehydroepiandros-
terone (DHEA), which is a precursor for androgens and is related 
to regulation of several proinflammatory cytokines. Corticosteroid 
administration in high doses or “pulsed” is important to reduce 
the autoimmune response preventing damage in cases of nephri-
tis, vasculitis, central nervous system lupus, myocarditis, or 
alveolitis [7, 9].

SLE treatment can also include cytotoxic and immunosuppres-
sants as cyclophosphamide, which is a drug that causes depletion 
of T and B cells and suppression of antibody production. 
Cyclophosphamide therapy is associated with premature ovarian 
failure, hemorrhagic cystitis, increased risk of bladder and other 
malignancies, and leukopenia along with an increased risk of 
infections [7]. A nasal type of an extranodal NK/T-cell lymphoma 
has been diagnosed in a 68-year-old woman with SLE treated 
with various immunosuppressive agents including steroids, cyclo-
phosphamide, and tacrolimus [10]. In other studies, two women 
with SLE had developed bladder cancer after prolonged treatment 
with cyclophosphamide [11]. In non-Hodgkin’s lymphoma, 
cyclophosphamide therapy had also strong relation to bladder 
cancer. Administration of cumulative doses of 50  g or more 
increases the risk to approximately seven excess bladder cancers 
per 100 NHL patients [12]. Due to its toxicity, cyclophosphamide 
had been replaced by less toxic immunosuppressive medications 
such as mycophenolate, calcineurin inhibitors, and azathioprine 
for nephritis and rituximab for severe central nervous system 
lupus treatment [7].

Mycophenolate mofetil treatment in lupus patients has been 
associated with the development of several central nervous sys-
tem lymphoma [13, 14], including diffuse large B-cell lymphoma 
[15, 16]. Methotrexate had induced Hodgkin’s disease in a 
48-year-old man with a history of systemic lupus erythematosus 
(SLE), and its discontinuation facilitated Hodgkin’s disease rever-
sal [17]. A 24-year-old woman with SLE methotrexate-associated 
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Hodgkin’s lymphoma had tumoral mass reduced 3  weeks after 
withdrawing the methotrexate treatment [18]. Additionally, bone 
marrow metastasis of Merkel cell carcinoma had been described 
for a 73-year-old woman with SLE and Sjögren’s syndrome, who 
had been treated with prednisolone and methotrexate for 10 years 
[19]. A patient with SLE and family history of immunological 
aberrations and malignancies was diagnosed with immunoblastic 
lymphoma. This patient had done 3 years of treatment with aza-
thioprine and prednisone [18].

It was described that SLE is also a risk factor for developing 
cervical neoplasia, especially pre-malignant cervical lesions. The 
risk is higher when SLE patients are treated with immunosuppres-
sants than when they are treated with antimalarials [20]. It was 
also observed that patients with SLE are at higher risk of develop-
ing hematological malignancies than the general population. 
Hematological malignancies diagnosed before or concurrent with 
SLE had a better prognostic than the ones diagnosed after SLE, 
and diffuse large B-cell lymphoma was the most common type of 
lymphoma in these patients [21].

Therapeutic antibodies had become an option to treat SLE 
patients, which had developed resistance to conventional treat-
ments or that are non-responders to therapy with steroids and 
immunosuppressants [21]. Complete remission of mucosa- 
associated lymphoid tissue lymphoma of the lacrimal glands was 
observed in a SLE patient after treatment with four once-weekly 
doses of rituximab 375 mg/m2 every 6 months for 2 years [22].

New promising treatments for SLE are being developed, many 
of them based on a specific target or pathway. These new 
approaches must consider a precise characterization of disease 
phenotypes based on molecular and clinical features to allow 
more effective and less toxic regimens in the future [7].

16.3  Sjögren’s Syndrome

Sjögren’s syndrome (SS) is a relatively common autoimmune 
rheumatic disease, which is most common in women in the fifth 
decade of life, being nine times more common among women 
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than among men, with peak onset during menopause [23, 24]. SS 
is a slowly progressive chronic disease, characterized by a lym-
phocytic infiltrate that affects the epithelium of exocrine (mainly 
salivary and tear) glands, leading to a decreased production of 
tears and saliva [23–25], and can occur in association with other 
autoimmune diseases such as systemic lupus erythematosus 
(SLE) and rheumatoid arthritis (RA) [24, 25]. The latter is mani-
fested by hyper-gammaglobulinemia and the presence of serum 
autoantibodies, including antinuclear antibodies, rheumatoid fac-
tor, cryoprecipitable immunoglobulins, and antibodies against 
two ribonucleoprotein complexes named Ro/SSA and La/SSB; 
these antibodies are considered hallmarks of the disease [23, 25]. 
Although SS is classically considered to be localized disease of 
the exocrine glands, mainly manifested with oral and ocular dry-
ness, and connective tissue disease [23], this is a systemic disease 
with high risk of transformation to lymphoma, with a small num-
ber of cases that can be complicated by the development of non- 
Hodgkin lymphoma [24]. It also has a wide range of systemic 
clinical manifestations that affect essentially any organ system. 
SS can be “primary” if it occurs alone (pSS) or “secondary” (sSS) 
when it is associated with another autoimmune disease [26]. 
Primary Sjögren’s syndrome affects the joints, lungs, central ner-
vous system (CNS), peripheral nervous system (PNS), and kid-
neys in approximately 50% of patients [24, 25]. The secondary 
Sjögren’s syndrome is associated with an established connective 
tissue disease [23].

SS is considered a multifactorial process originating from the 
interaction between genetic factors and exogenous and endoge-
nous agents that are able to trigger an abnormal autoimmune 
response mediated by T and B lymphocytes. Some recurrent 
events are usually associated with SS, including trigger phase fac-
tors induced by environmental factors, specific epigenetic 
changes, genetic predisposition or hormonal regulation; followed 
by dysregulation of the function of the epithelial cells of the sali-
vary and lacrimal glands; and consequently, chronic inflammation 
with lymphocytic infiltrates (especially B lymphocytes) and auto-
antibody production [26].
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Targeted therapy for Sjögren’s syndrome is focused on reliev-
ing symptoms of oral (xerostomia) and ocular dryness, in addition 
to preventing complications such as tooth decay, dysphagia, and 
oral candidiasis. In most patients, the main aim of therapy is to 
improve quality of life by treating the ocular and oral dryness and 
fatigue symptoms [25]. The use of artificial saliva containing 
mucin or mucin with xanthan or guar gum [27], and eye lubricants 
containing either sodium hyaluronate or hydroxypropyl methyl-
cellulose has been shown to improve subjective symptoms of oral 
and ocular dryness, respectively. Other kinds of care means mouth 
hygiene, thorough dental follow-up, stimulation of salivary flow 
(sugar-free gum or citrus juice), and muscarinic agonists, such as 
pilocarpine and cevimeline, for the treatment of oral dryness and, 
to a lesser extent, ocular dryness in patients with primary SS [23, 
28]. Furthermore, alcohol, smoking, and medications such as 
diuretics, antidepressants (except for selective serotonin reuptake 
inhibitors, especially escitalopram and fluoxetine), and antihista-
mines should be avoided because they exacerbate mucosal dry-
ness, just like air conditioning should also be avoided [23].

However, when it comes to a patient with systemic complica-
tions related to the syndrome, the recommended approach 
includes other therapeutic agents common to the practice of can-
cer therapy and should be adapted to organs affected and their 
severity [24]. In such cases, in patients with inflammatory arthri-
tis, methotrexate (MTX) can usually be recommended [23, 24]. 
For cases of persistent arthritis, rituximab has been shown to sig-
nificantly improve the tender and swollen joint count [23]. It is 
effective in improving many manifestations in SS, such as glandu-
lar involvement, fatigue, disease activity, immunological param-
eters, glandular lymphocytic infiltration, systemic manifestations, 
and quality of life [24]. Cytotoxic drugs, such as cyclophospha-
mide, are reserved for severe extraglandular manifestations, 
including cutaneous vasculitis and glomerulonephritis [23]. 
Abatacept and belimumab are promising drugs to improve disease 
activity, immunological profile, and quality of life. These drugs 
can be considered in the treatment of SS in refractory cases and 
with high systemic disease activity [24, 26].
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Malignant non-Hodgkin lymphoma (NHL) of B-cell lineage 
occurs in about 5% of patients with SS, who are at a significantly 
increased risk of developing NHL compared with the general 
population [25, 27]. These lymphomas are mostly B-cell non- 
Hodgkin’s lymphomas, with a predominance of the low-grade, 
marginal-zone histologic type [28]. These patients belong to a 
high-risk group and require monitoring at closer intervals and, if 
necessary, additional diagnostic investigations, such as chest radi-
ography and abdominal ultrasound [25]. In these cases, the con-
duct must follow the established NHL treatment protocols.

On the other hand, there are already registers about cases of the 
cancer treatment that induces SS. Ghosn and coworkers, in 2018, 
made the first case report of a patient who developed a complica-
tion of severe neuro-Sjögren’s syndrome induced by pembroli-
zumab treatment. In this case, a melanoma patient treated for 
8 months with pembrolizumab developed a right trigeminal neu-
ropathy, with a salivary gland biopsy showing inflammatory 
changes suggestive of Sjögren’s syndrome. The treatment initially 
began by intravenous frontline methylprednisone that changed for 
rituximab, which led to a quick clinical improvement [29]. Other 
register includes the use of other immune checkpoint inhibitor, 
nivolumab, for the treatment of gastric cancer. In this case, xero-
stomia developed after two cycles and the use of prednisone and 
pilocarpine did not improve either the subjective symptoms or the 
salivary flow rates, maybe because the treatment with nivolumab 
was not discontinued until the tumor cessation [30].

16.4  Psoriatic Arthritis

Psoriatic arthritis (PsA) is a chronic inflammatory musculoskele-
tal and skin disease. The musculoskeletal is associated with pso-
riasis, manifesting most commonly with peripheral arthritis, 
dactylitis, enthesitis, and spondylitis [31, 32] and presents its 
similar impact on quality of life and functional ability as in rheu-
matoid arthritis [33]. The skin complications are associated with 
psoriasis and nail disease [31]. The incidence of PsA is approxi-
mately 6 for each 100,000 per year, and the prevalence is around 
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1–2 per 1000 in the general population and can affect both men 
and women in the same proportion [32, 34].

The physiopathology involving psoriasis and psoriatic arthritis 
is associated with class I MHC alleles. Genome-wide association 
scans have shown that certain polymorphisms in the gene encod-
ing interleukin-23 receptor (IL23R), along with variants in nuclear 
factor κB (NF-κB) gene expression (TNIP1) and signaling 
(TNFAIP3), and TNF expression are associated with psoriatic 
arthritis. Association studies have identified additional risk alleles 
in patients with psoriasis and in those with psoriatic arthritis, 
including interleukin-12A (IL-12A), interleukin-12B (IL-12B), 
IL-23R, and genes that regulate NF-κB. In addition, it has been 
shown that T cells are important in psoriasis and psoriatic arthri-
tis. A central role for CD8+ T cells in disease pathogenesis is sup-
ported by the association with HLA class I alleles, oligoclonal 
CD8+ T-cell expansion, and the association of psoriatic arthritis 
with human immunodeficiency virus disease [34].

Beyond the musculoskeletal and skin features, patients with 
PsA experience fatigue, physical function limitations, sleep dis-
turbance, and diminished work capacity and social participation. 
In addition to the association with extra-articular manifestations 
such as uveitis and inflammatory bowel disease (IBD), PsA is also 
associated with several comorbidities including obesity and meta-
bolic disease (diabetes, hypertension, hyperlipidemia, fatty liver 
disease, cardiovascular outcomes), depression, and anxiety [31].

To choose the appropriate conduct, it is necessary to differenti-
ate psoriatic arthritis from rheumatoid arthritis, osteoarthritis, 
gout, pseudogout, systemic lupus erythematosus, and other forms 
of spondyloarthritis. Psoriatic arthritis tends to be oligoarticular 
and less symmetric than rheumatoid arthritis, although with time, 
psoriatic arthritis may become polyarticular and symmetric. The 
affected joints are less tender in psoriatic arthritis than in rheuma-
toid arthritis and may have a purplish discoloration [33, 34].

Treatment for PsA includes traditional or conventional disease- 
modifying antirheumatic drugs (MTX, sulfasalazine, cyclospo-
rine, leflunomide, apremilast), biologic therapies such as TNF 
inhibitors (TNFi) (etanercept, infliximab, adalimumab, golim-
umab, certolizumab pegol), IL-17 inhibitors (IL-17i) 
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(secukinumab, ixekizumab), IL-12/23 inhibitor (IL-12/23i) 
(ustekinumab), and new targeted oral agents including a phospho-
diesterase- 4 inhibitor and a Janus kinase (JAK)/signal transducer 
and activator of transcription (STAT) inhibitor (tofacitinib) and 
anti-CTLA-4 (abatacept) [31–34]. In reference to psoriasis, thera-
pies are possible to include IL-17R blockers, such as brodalumab 
and IL-23 inhibitors, such as guselkumab, tildrakizumab, and 
risankizumab [31].

Skin cancer, particularly nonmelanoma skin cancer (NMSC), 
is among the most reported cancers in patients with PsA. Studies 
in psoriasis report up to a sevenfold increase in the risk of skin 
cancer and risk of squamous cell carcinoma (but not basal cell 
carcinoma), in patients treated with phototherapy, including high- 
dose psoralen plus ultraviolet (PUVA), methotrexate, and both 
combined [35]. Law-Ping-Man and coworkers in 2016 registered 
a case of psoriasis and psoriatic arthritis induced by nivolumab, 
an immune checkpoint inhibitor, in a patient with advanced lung 
cancer. It was identified in a patient with no personal or family 
history of psoriasis who developed psoriatic skin lesions associ-
ated with peripheral inflammatory arthritis after the eighth infu-
sion of nivolumab, during therapy for metastatic lung cancer. The 
occurrence of nivolumab-induced psoriasis temporally coincided 
with regression of the lung cancer lesions. The management of 
this adverse reaction was conducted with the withdrawal of 
nivolumab for 4 weeks, and then, a therapy with oral MTX at a 
dose of 10 mg/week in combination with a low dose of oral pred-
nisone (15  mg/day) and topical corticosteroids was introduced. 
After 1  month of therapy, both psoriatic skin lesions and joint 
symptoms gradually resolved, allowing gradual tapering of MTX 
and prednisone. Thereafter, nivolumab was restarted with contin-
ued response and without recurrence of the psoriasis [36]. Another 
case reported by Ruiz-Banobre and colleagues, in 2017, describes 
a patient treated by nivolumab for therapy for metastatic non- 
small cell lung cancer, and after the eleventh cycle of nivolumab, 
the patient complained of joint pain again and with the clinical 
suspicion of inflammatory arthritis. In this last case, the nivolumab 
therapy was not discontinued and the use of sulfasalazine was 
introduced, with no positive response and changed for  methotrexate 
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10 mg associated with folate 5 mg per week (to minimize toxic-
ity), with a great improvement in the patient quality of life [37].

16.5  Takayasu’s Arteritis

Takayasu arteritis (TA) is an idiopathic, granulomatous, large- 
vessel arteritis that predominantly involves the aorta, its major 
branch arteries, and (less frequently) the pulmonary arteries, with 
variable presentation in different ethnicities and countries [38–
41]. It is more common in younger women [38, 41]. The clinical 
manifestations include constitutional symptoms, elevated levels 
of inflammation markers, and arterial stenosis and/or aneurysms 
resulting in limb claudication and absent pulses [38]. Its overall 
incidence has been estimated to be 2/1000,000 per year and occurs 
more frequently in women, representing 90% of cases in adults, 
while series on childhood TA have shown different female/male 
ratios, depending on location. For example, in the Japanese popu-
lation where TA was originally described, the majority (80–90%) 
of the patient consists of females, contrary to what was observed 
in Indian, Thai, and Israeli with a proportion of male patients 
around 31–38% [40].

As for the age group, some registers have found a double peak 
incidence: one at age 10–15  years and a second one at age 
20–24  years. Female patients seem to have a major incidence 
peak between age 15 and 19 years representing the leading cause 
of stenotic aorto-arteriopathy and one of the most prevalent causes 
of vascular hypertension in childhood [39].

TA has been described as the infiltration of inflammatory cells 
into the adventitia and media resulting in a cell-mediated immune 
response, involving NK T cells and CD4 T cells, which form 
characteristic granulomas and giant cells [40], with three possi-
ble theories for its pathology: the genetic hypothesis, associated 
with the HLA complex (human leukocyte antigen); the infection 
hypothesis involving case reports of HIV patients, post-vaccina-
tion patients against hepatitis B and tuberculosis, with evidence 
of expression of circulating antibodies against aortic endothelial 
cells induced by the expression of adhesion molecules and secre-
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tion of pro-inflammatory cytokines by endothelial cells of the 
aortic arteries, which suggests a potential pathogenic role of 
these autoantibodies [39, 41]; and finally the immunological 
hypothesis that suggests the both circulating anti-endothelial cell 
antibodies and autoantibody-producing B-cell infiltrates in 
inflamed vessels point to a role of humoral immunity [41].

The treatment of TA is aimed at controlling vascular inflamma-
tion and preventing irreversible organ damage and is dependent 
on the stage and presentation of the disease [39, 40]. After the use 
of glucocorticoids [42], the second line of treatment indicated is 
the MTX. Methotrexate is often used as the initial immunosup-
pressive agent, but other therapies such as tumor necrosis factor 
inhibitors and azathioprine can be considered as well [38, 39, 42]. 
Other therapies have been indicated such as mycophenolate 
mofetil (MMF), leflunomide [39, 42], and cyclophosphamide 
(CYC) [39]. Considering pediatric patients, TNF inhibitors, such 
as etanercept, and anti-TNF-α monoclonal antibodies, such as 
adalimumab, and infliximab [39, 40], furthermore the IL-6 inhib-
itor, tocilizumab (TCZ), and B-cell-directed strategies such as the 
monoclonal anti-CD20 antibody, such as rituximab, have been 
increasingly used in the treatment of TA in children [39].

A retrospective cohort study, developed by Park and col-
leagues, in 2013, estimates the incidence of cancer in Takayasu 
arteritis patients and compares it with the incidence in general 
population. They conclude that overall cancer incidence is not 
increased compared with the general population, but that the inci-
dence of myelodysplastic syndrome (MDS) might be increased, 
probably due to the patients exposed to cyclophosphamide years 
before, considering that an alkylating agent can increase the risk 
of [43].

16.6  Rheumatoid Arthritis

Rheumatoid arthritis (RA) is an autoimmune disease character-
ized by its chronic inflammation state that mainly causes impair-
ment and damage to the joints, therefore leading to disability, 
early death, and social economics health issues [44, 45]. The 
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prevalence of RA worldwide is about 2%, and Australia is the 
country with the highest indices [46].

The etiology of RA is not well understood; however, different 
studies show that environmental factors and genetics play an 
important role in RA development [44, 47]. Environmental fac-
tors like infection, smoking, alcohol, red meat, and location of 
birth seem to be relevant aspects related to RA [47, 48]. Despite 
that, heritability and genetics are associated with risk factors for 
developing RA. Studies show that a family history of RA rises 
the chance of developing this disease by five times [44, 49]. In 
addition, the human leukocyte antigen (HLA) is a complex of 
genes with high indices of polymorphism, which is responsible 
for different mechanisms on the immune system, for example, 
presentation of intracellular antigens and relation with antigen-
specific immune response [50]. Moreover, some HLA alleles are 
related to increased risk of developing autoimmune diseases, 
such as RA [50].

The pathogenesis of RA is mainly linked to the process of 
citrullination, that is a post-translational modification of protein 
amino acids from arginine to citrulline by the action of peptidyl-
arginine) deiminase enzymes (PADs) [51]. These citrullinated 
proteins are recognized by an abnormal response of anti- 
citrullinated protein antibodies (ACPAs) that may be related to the 
expression of two genes, HLA-DR1 and HLA-DR4 [45].

As mentioned above, RA is complex disease, where there is no 
cure. However, there is a range of pharmacologic therapies based 
on early treatment or support. The main treatment is based on the 
use of conventional disease-modifying antirheumatic drugs 
(cDMARDs), which can be classified as a group of immunosup-
pressive and immunomodulatory drugs [52]. Among cDMARDs, 
the most used one is methotrexate that can have different mecha-
nisms for its clinical benefits in RA, such as increasing adenosine 
signaling that promotes an anti-inflammatory response, induction 
of T-cell death, and interfering with the methyl donation cascade 
[53]. Another important DMARDs is the cyclophosphamide that 
has proven benefit in treating patients with RA. In addition, cyclo-
phosphamide is an alkylating agent that binds to DNA, therefore 
impairing DNA replication in immune-competent cells [54]. 
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Leflunomide is a newer cDMARD that acts by suppressing the 
production of pyrimidines through inhibition of dihydroorotate 
dehydrogenase [54]. Besides the cDMARDs, there are the bio-
logic DMARDs that present a more specific mechanism of action, 
such as hindering cytokine activity and impairing signaling for 
T-cell activation [52]. Adalimumab is monoclonal antibody that 
specifically targets the tumor necrosis factor (TNF), an important 
cytokine that promotes inflammation and damage to the joints in 
RA [55]. In addition, rituximab is also used to treat RA, because 
of its ability to bind to CD20, therefore inducing reduction in dif-
ferent B cells culminating in a decrease in cytokine, autoantibody 
production, and B-cell antigen presentation ability [56].

Interestingly, some of the drugs cited above were first devel-
oped for the treatment of cancer. However, there is a risk of 
patients with RA under the use of antineoplastic drugs of develop-
ing cancer. A study conducted by Buchbinder and colleagues 
(2008) in Australia showed that patients with RA treated with 
methotrexate have a higher risk of developing different types of 
cancer, such as melanoma, non-Hodgkin’s lymphoma, and lung 
cancer when compared to general population. Moreover, different 
studies present that the use of cyclophosphamide increases the 
chances of developing some cancer, for example, hematologic 
and bladder cancer [57–59]. However, a meta-analysis study 
showed that there is no increased risk of developing cancer for RA 
patients treated with biologic DMARDs [60].

Besides that, chemotherapy for the treatment of cancer can 
induce a range of adverse effects, such as RA in a discrete way 
[3]. Moreover, different reports suggest that gefitinib and suni-
tinib, both tyrosine kinase inhibitors, were able to induce RA in 
cancer patient [61–63]. In addition, another report described that 
a cancer patient treated with irinotecan developed RA [64].

16.7  Spondyloarthritis

Spondyloarthritis (SpA), also known as spondyloarthropathy, is a 
group of inflammatory diseases of the joints and spine with vari-
ous clinical manifestations. Clinically, the SpA was divided into 
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subtypes: ankylosing spondylitis (AS), reactive arthritis (ReA), 
psoriatic arthritis (PsA) (previously discussed), arthritis associ-
ated with inflammatory bowel disease (SpA-IBD), and undiffer-
entiated spondyloarthritis (uSpA) [65, 66]. And about the skeleton 
lesion, SpA can be classified as axial SpA (ax-SpA) and periph-
eral SpA if the involvement is of the spine or axial skeleton [67].

The physiopathology of spondyloarthritis development 
remains unclear until these data, however some theories relate it 
to genetic susceptibility, environmental factors, and gut disease, 
with an important role related to infection by microorganisms 
[65]. There is an important relationship with the major histocom-
patibility complex (HMC) class I antigen, with predominant allele 
of HLA-B*27 [65, 67], a highly polymorphic molecule of which 
provides advantage to the immune system against the diversity of 
microorganisms and their antigens. However, if exacerbated, it 
can induce the development of autoimmune diseases such as SpA 
[65]. There are no specific diagnostic tests for SpA; it is necessary 
to observe the clinical symptoms and radiographic changes in sac-
roiliac joints [67], such as joint pain in fingers or toes; chronic 
back pain, enthesitis, dactylitis, psoriasis (including psoriatic nail 
symptoms); and some factors risk factors like recent genitouri-
nary infection, family history of spondyloarthritis, and family his-
tory of psoriasis [68].

The treatments recommended for SpA in adults, in addition to 
treatment with NSAIDs (first line), are strongly recommended 
treatment with TNFi, such as adalimumab, infliximab, etanercept, 
golimumab, and certolizumab pegol [66, 69]. Treatment with sul-
fasalazine and MTX is recommended primarily for patients with 
prominent peripheral arthritis and few or no axial symptoms [66, 
69]. Secukinumab or ixekizumab, both IL-17 inhibitors, can help 
reduce or slow inflammation, but it is recommended only in cases 
of TNFi unavailability access [69].

People with ankylosing spondylitis (AS) have an increased 
risk of developing cancer due to the higher levels of chronic 
inflammation, and in addition, just like other rheumatological dis-
eases, some medications (like biologics) used to treat AS may 
increase the risk of certain cancers [70]. Among various kinds of 
cancer, AS seems to be involved in someone such as colon cancer, 
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esophageal cancer, liver cancer, and cancer of the stomach or 
small intestine, multiple myeloma (a type of blood cancer), lym-
phoma, and prostate cancer [70]. Nam and coworkers, in 2019, 
made the comparison of a general male population group, and the 
overall incidence of cancer was increased in male patients with 
AS.  The authors concluded that for male AS patients were at 
increased risk of cancer, especially for male reproductive system 
and pancreatic cancer [71].

16.8  Scleroderma

Scleroderma is a disease characterized by fibrosis (hardening) of 
the skin and internal organs, involvement of small blood vessels, 
and formation of antibodies against the body’s own structures 
(autoantibodies). It can be classified into two types: a) the sys-
temic form—systemic sclerosis, and the localized form—local-
ized scleroderma. Three primary mechanisms contribute to the 
development of the scleroderma: vascular anomalies, excess 
fibrosis, and autoimmune phenomenon.

Systemic sclerosis is a chronic autoimmune disease character-
ized by excess collagen synthesis, leading to fibrosis of the skin 
and organs, which can promote high morbidity and mortality [72]. 
It is widely more frequent in females than in males, affecting 
mainly the fourth decade of life [72–73]. Systemic sclerosis is 
classified into 3 subtypes, according to the extent and pattern of 
cutaneous involvement: limited cutaneous, diffuse cutaneous, and 
sine scleroderma. These subtypes are associated with clinical and 
laboratory manifestations and distinct natural histories [73, 74]. 
The events that underlie susceptibility to systemic sclerosis prob-
ably include both genetic and environmental factors, which result 
in microvascular dysfunction and autoimmune phenomena [75].

The management of systemic sclerosis (SSc) will be deter-
mined considering the presence and severity of any organ-based 
complications, since it is possible to generate various damages, 
such as digital vasculopathy, gastrointestinal complications, lung 
fibrosis, pulmonary hypertension, cardiac fibrosis, scleroderma 
renal crisis, digital contractures, calcinosis, and acro-osteolysis 
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[75]. For the treatment of scleroderma renal crisis, the 
 angiotensin- converting enzyme inhibitors (ACEi) can be indi-
cated, followed by adding calcium channel blockers (CCb) or the 
alternative use of angiotensin receptor blockers (ARb) [76, 77]. 
For pulmonary arterial hypertension (PAH), the endothelin recep-
tor antagonists (ERAs) are an important part of the treatment [76, 
78]. Other therapies include eculizumab associated with ACEi in 
refractory cases [78, 79]. For Raynaud’s phenomenon (RP) treat-
ment, can include CCb, followed by, or in addition to, prostaglan-
dins and endothelin-1 receptor antagonists [76, 80]. For interstitial 
lung disease, the induction therapy can be mycophenolate mofetil 
(MMF), intravenous cyclophosphamide, and rituximab, respec-
tively [76].

Considering the risk of development of cancer, registers show 
a number of studies indicating possible associations between SSc 
and breast, gastrointestinal, urogenital, lung, and hematologic 
malignancies [81]. Morrisroe and colleagues quantified the bur-
den of cancer in systemic sclerosis and conclude that the patients 
had increased risk of developing cancer, particularly lung cancer 
associated with Interstitial lung disease (ILD), breast cancer, and 
melanoma, and observed an association of some of these phenom-
ena with anti-RNA polymerase III antibodies [82].

The localized form of scleroderma (LoS) affects a restricted 
area of the skin, sparing the internal organs, being more common 
in children. It generally evolves in three consecutive phases: 
edematous, indurated, sclerotic, and then atrophic [83]. Depending 
on the localized scleroderma, it can be classified as morphea or 
linear scleroderma [84].

In terms of LoS treatment, the first line of systemic treatment 
is methotrexate, with mycophenolate used as a second-line treat-
ment in cases of methotrexate nonresponse. Further studies in 
patients with localized scleroderma using rituximab and abatacept 
have been reported [85]. Fage and coworkers determined if abata-
cept may have a positive effect on disease activity in LoS and 
concluded that the abatacept may be an appropriate treatment 
option for treatment-resistant LoS disease of different subtypes 
[86]. As to the study carried out by Foeldvari and colleges, in a 
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small cohort of LoS young patients, tocilizumab seems to be a 
promising rescue medication [85].

16.8.1  Behçet’s Disease

Behçet’s disease (BD) is an immune-mediated multisystem vas-
culitis affecting any type and size of blood vessels. The disease 
has been regarded as the outcome of an autoimmune process that 
is triggered by the same factors such as infectious process and 
environmental factors and genetically predisposed [87].

The BD incidence varies according to the geographical loca-
tion, with the highest prevalence in Turkey, followed by Iran, 
Japan, northern China, and Korea. In pediatric patients, BD was 
defined if the disease was fully manifested and diagnosed up to 
the age of 16 years [88].

Considering the clinical manifestations, recurrent oral ulcer-
ation occurred in almost all patients, and the painful ulcers may 
appear on the lips, tongue, and palate. Eye lesions can occur, and 
it is common in pediatric population with BD, and vascular dis-
ease can affect all types and sizes of vessels with a predominance 
of venous involvement, as in adults as in pediatric BD population. 
Other clinical manifestation includes central nervous system dis-
ease, with development of chronic headaches; gastrointestinal 
involvement, with presentation of various symptoms, such as nau-
sea, diarrhea, abdominal pain, ulceration of the ileum, cecum, and 
colon, melena, or hematochezia; and some symptoms of arthritis/
arthralgia, with predominant effect in knees, ankles, elbows, and 
wrists [88].

For the treatment of the population with BD, it is recommended 
that the long-term use of corticosteroids is avoided and that a 
combination of different disease-modifying antirheumatic drugs 
(DMARDs), such as azathioprine, cyclophosphamide, or cyclo-
sporine A, can be used, with the prospect of positive benefits [88], 
in both adult and pediatric population. Other registers demon-
strated that tocilizumab was effective and can serve as an alterna-
tive treatment for refractory disease with ocular, neuro, and 
vascular clinical manifestation in BD, but was not recommended 
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for patients with mucocutaneous and articular involvement [89]. 
Other therapeutic choices have been suggested for BD, including 
the interleukin (IL)-1 inhibitors (anakinra and canakinumab), 
TNF-α inhibitors, such as infliximab, followed by antibody anti-
TNF-α, adalimumab, used as monotherapy and after the primary 
or secondary failure to other anti-TNF agents. Similarly, etaner-
cept has proved to be effective in controlling almost all BD mani-
festations with a good safety profile. Few reports have 
demonstrated benefits with the use of golimumab, with better 
clinical results when associated with DMARDs [89, 90]. 
Lymphocyte- targeted therapies, such as rituximab, alemtuzumab, 
and daclizumab, seem to show efficacy, principally in case of BD 
with ocular involvement [90].

Just like other types of rheumatic disease, chronic uncontrolled 
inflammation and chronic infections are among the main causes 
of cancer development. So, Behçet’s disease is also reported to be 
related to an increased risk of malignancy in multiple studies [87]. 
In a study reported by Lin and colleagues, in 2014, identified the 
clinical characteristics of BD associated with malignancies. In 
this study, about 41 of 651 patients with BD were diagnosed with 
some type of malignancies, between hematological and solid 
malignancies. The research concludes that myelodysplastic syn-
drome (MDS) and colorectal cancer were the most common 
hematologic malignancy and malignant solid neoplasm associ-
ated with BD, respectively, and the possibility of increased risk of 
developing malignancies in BD patients should not be neglected 
[91].

16.9  Gout

Gout is a common inflammatory arthritis associated with high 
serum uric acid levels of 6.8 mg/dL (404 μmol/L) [92, 93]. It is 
characterized by the precipitation of monosodium urate crystals 
in the synovial fluid of the joints, as well as in other tissues [93, 
94]. The most common symptom is sudden and severe pain in the 
joint along with swelling redness and loss of function, with the 
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first metatarsophalangeal, ankle, knee, and joint of the big toe 
being the most frequently affected [94, 95].

This disease has been addressed in four phases that include: 
asymptomatic hyperuricemia, ie, high serum urate levels, but no 
clinical symptoms; deposition of urate crystals in joints or periar-
ticular tissues, triggered by hyperuricemia, resulting in an acute 
flare-up of inflammatory arthritis (acute gouty arthritis); patients 
with untreated gout remain hyperuricemia which can increase tis-
sue crystal deposition (intercritical gout); and after long-term 
joint inflammation occurs complications such presence of tophi, 
bone/joint damage, and pain, associated with joint pain at rest 
and/or on movement (chronic tophaceous gout) [96, 97].

The management of gout has been based on nonpharmaco-
logical and pharmacological therapy. Nonpharmacological ther-
apy includes patient education, dietary recommendations, and 
resting of the joint. One approach to gout treatment is patient 
education. Lifestyle modification is very important, so gout 
patients should avoid overweight, soft drinks and drinks contain-
ing fructose, reduce alcohol consumption, and decrease the 
intake of high purine food contents such as meat, ofal, crusta-
ceans, and yeast. Hyperuricemia is more common with current 
lifestyle trends. Gout patient should introduce physical activity 
since they are at increased risk of cardiovascular disease and dia-
betes mellitus [95, 97].

Pharmacological therapy is aimed at anti-inflammatory ther-
apy as the first-line treatment option, using nonsteroidal anti- 
inflammatory drugs (NSAIDs), glucocorticoids, and colchicine. 
The decision of which of the 3 substance groups to use depends 
on the patient’s comorbidities. Engel et  al. (2017) described an 
overview of treatment options. In addition, according to a 
Cochrane review, interleukin-1 antagonists (canakinumab SC) 
can be considered as an alternative option if all 3 standard treat-
ment options are contraindicated or not tolerated [97]. According 
to the 2017 guidelines of the British Society of Rheumatology and 
British Health Professional in Rheumatology, allopurinol, which 
is a xanthine oxidase inhibitor, should be prescribed for all 
patients without waiting for any complications or recurrent gout 
attacks [95].
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Gout flares are driven by uptake of deposited monosodium 
urate crystals by macrophages and subsequent release of inflam-
matory mediators such as interleukin-1, cytokines, prostaglan-
dins, and chemokines, which lead to infiltration of neutrophils and 
monocytes and subsequent amplification of joint inflammation. A 
prompt interruption of this auto-inflammatory process is needed 
to achieve control of symptoms, which is the main goal in the 
management of gout flares [98].

Gout is associated with an excess of mortality, mainly due to 
cardiovascular causes, but also by renal disease, diseases of the 
digestive system, and infections, with a lower probability of 
dementia [99].

To date, studies in the available literature have reported con-
flicting data regarding the association between gout and cancer. 
Here, we list some research about that association.

Veljkovi’c et al. (2020) reported the relation in xanthine oxi-
dase/dehydrogenase activity as a source of oxidative stress in 
prostate cancer tissue [99]. Huang and colleagues (2020) related 
high levels of serum uric acid (SUA) can be a risk factor for pan-
creatic cancer in women and gallbladder cancer in men [100]. 
Uric acid may be an important risk factor for cancer when humans 
develop a high concentration of high uric acid serum level. 
Hyperuricemia may also contribute to the metastasis of some can-
cers [101]. Oh al (2021) investigated the association between gout 
and cancer risk in a retrospective cohort study using the Korean 
National Health Insurance Service Database related to a signifi-
cantly high risk of cancer [102]. Their findings indicated that 
esophageal, stomach, colon, liver, pancreatic, lung, ovarian, renal, 
and bladder cancers were higher in Korean gout patients.

Oxidative stress, which is a hallmark of cancer, seems to be 
involved in a relationship with hyperuricemia. All papers point to 
antioxidant and pro-oxidant activities of uric acid. These dual 
papers can be beneficial as protective against neurodegenerative 
diseases, such as Parkinson’s disease, Alzheimer’s disease, and 
amyotrophic lateral sclerosis. In contrast, acid uric can contribute 
to the free radical formation, resulting in oxidative cell damage, 
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low-grade inflammation, insulin resistance, and negative cardio-
vascular effects. Although the high uric acid is associated with a 
high incidence of cancer, more research is needed to confirm their 
findings.
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