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Preface

There are several types of cancer treatment modalities, such as surgery, radiother-
apy, chemotherapy, immunotherapy, and targeted therapy, in which the choice of the
best therapeutic option will depend on several factors such as type of tumor, stage
of cancer, age, and clinical conditions of the patients. Due to the complexity of can-
cer, the association of therapeutic modalities has been shown to be effective, such as
the application of chemotherapy and/or radiotherapy after surgical procedures or
the association of chemotherapy that enhance the effects of radiotherapy.

The combination of anticancer drugs is also widely used, as they combine drugs
that have different mechanisms of action, thereby enhancing the anticancer effect of
the drugs. Although effective, the definition of chemotherapy protocols must be
well planned to ensure maximum treatment efficacy and minimal toxic effects.

To define the best combination between chemotherapeutics, some parameters
must be taken into account. Attention should be paid to the mechanisms of action
and pharmacokinetic profile of each drug, diluent solutions and drug stability when
infused concomitantly, as well as the drug's toxicity profiles, and the risks of derma-
tological toxicity due to vesicant, irritant, or not irritating characteristics. These
characteristics are important as they provide safety and efficacy to the treatment.

Some studies highlight the importance of evaluating the order of infusion of the
chemotherapy protocol due to possible pharmacodynamic and pharmacokinetic
interactions, in which, depending on the infusion schedule, drugs may present
antagonistic interactions with reduced therapeutic activity and increased toxicity, as
well as depending on the order, they can present synergistic reactions with potentia-
tion of therapeutic effects.

Therefore, this book tries to bring out the importance of combined chemotherapy
in the treatment of cancer, highlighting the main parameters that must be considered
when defining the infusion schedule of the protocols. In addition, I address the main
solid cancers, such as breast, gastrointestinal, genitourinary, gynecological, head
and neck cancers, among others, bringing the main protocols indicated for each type
of cancer, with scientific studies of efficacy and data related to the infusion sequence.

Protocols were based on data made available in scientific articles, on the BC
Cancer, University Hospital Southampton NHS Foundation websites, and in the
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book chemotherapy protocols 2017. The scarcity of articles that assess the infusion
sequence of chemotherapy protocols reinforces the importance of this type of study
to ensure maximum protocol effectiveness, as well as patient safety with the pro-
posed therapy.

Recife, Pernambuco, Brazil Tago Dillion Lima Cavalcanti
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Chapter 1
Polypharmacy in Cancer Therapy

1.1 Polypharmacy: Challenges in the Treatment
of Chronic Diseases

Polypharmacy (Fig. 1.1) is defined as the routine and concomitant use of at least five
medications (with or without a prescription) by a patient, being a common practice
in older adult patients, especially people over 65 years of age [1, 2]. According to
the study by Khezrian et al. [3], whose article traced the prevalence profile, determi-
nants, and health outcomes related to polypharmacy. The authors observed that
polypharmacy is related to the patient’s age, being more common in the elderly,
where it was estimated that by 2030, about 20% of people aged between 70 and
74 years can have a prescription for ten or more drugs, where the rate of polyphar-
macy is higher in the poorest population. According to Gu, Dillon, and Burt [4], the
use of controlled medications increased from 6.3% to 10.7% when they compared
the period 1999-2000 with the period 2007-2008, showing that more and more
polypharmacy is present in therapy.

The increase in life expectancy has brought with it an increase in multimorbidity.
Elderly patients with associated chronic diseases, such as diabetes mellitus, hyper-
tension, cancer, cardiovascular and pulmonary diseases, among others, often need a
combination of drugs to treat all their clinical conditions [5-9].

The presence of diseases in different organs makes patients look for different
medical specialties, making each specialist act in the focus of the clinical condition
and prescribe medications that can interact with other medications already in con-
tinuous use by the patient [10, 11]. In addition, the patient can also use over-the-
counter medications, especially medications of natural origin that can interfere with
their therapeutic follow-up [11-14]. Bui et al. [15] observed in their study, with
patients with type 2 diabetes mellitus, that in addition to the drugs prescribed by
physicians, 40.8% of the patients still used herbal and traditional drugs and food
supplements.

© The Author(s), under exclusive license to Springer Nature 1
Switzerland AG 2022
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Fig. 1.1 Association of drugs as a therapeutic proposal. (Source: Created with BioRender.com)

Fig. 1.2 Diseases that are
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According to the study by Marques et al. [16], the prevalence of polypharmacy
is more related to patients with heart disease with 35.3%, followed by diabetes mel-
litus with 32% (Fig. 1.2). Cancer patients also stand out in the study by Marques
et al. [16] accounting for 20.3% of patients who use polypharmacy. This is a com-
mon practice in cancer treatment due to the complexity of the disease that requires
the use of combined drugs, as well as the side effects of chemotherapy, thus requir-
ing the use of drugs that reduce the side effects of chemotherapy [17, 18].

In many cases, polypharmacy is important, as it will allow all clinical conditions
of the patient to receive adequate therapy. However, it is a practice that requires
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attention and multidisciplinary work, seeking integrative care, focused on reducing
the risks of drug interactions and the effectiveness of combined therapy [19-21].
Table 1.1 presents studies that evaluated the use of polypharmacy in the treatment
of diseases.

According to the study by Piccoliori et al. [22], 43% of patients had >5 diagno-
ses of chronic diseases and were the ones who used the most medications to treat
their diseases (>10 medications). Maxwell et al. [24] observed, in their cross-
sectional study carried out in Canada, that multimorbidity is related to the increase
in polypharmacy and is more prevalent in male patients. Pu et al. [28] report that in
addition to greater age and multimorbidity, polypharmacy may also be associated
with lower functional status and residence in a nursing home. The studies reported
in Table 1.1 demonstrate the importance of assessing the need for polypharmacy
and avoiding the development of undesirable drug interactions.

Table 1.1 Main findings of studies that evaluated polypharmacy for the treatment of diseases

Number | Diseases
of associated with
Title article medicines | polypharmacy | Conclusions Reference
Epidemiology and >8 Hypertension Polypharmacy was [22]
associated factors of Arthrosis associated with a
polypharmacy in older Type 2 diabetes | number of chronic
patients in primary care: a mellitus diseases that patients
northern Italian cross- Dyslipidemia had and related to a
sectional study Atrial decrease in the affective
fibrillation state and quality of life
Coronary heart | of patients
disease
Osteoporosis
Depression
The phenomenon of 6-10 Hypertension Polypharmacy is related | [10]
polypharmacotherapy in Diabetes to the multimorbidity
polish geriatric population Depression present in geriatric
Dementia patients, which causes
Ischemic heart | these patients to be
disease treated by several
Osteoporosis specialist physicians,
Heart failure which contributes to the
Atrial increase in the amount
fibrillation of medication that the
patient has to use
Cardiovascular outcomes | >9 Hypertension Polypharmacy and [23]
according to polypharmacy Diabetes nonadherence to
and drug adherence in mellitus treatment in patients
patients with atrial Coronary heart | with atrial fibrillation
fibrillation on long-term disease may increase the risk of
anticoagulation (from the Heart failure adverse cardiovascular
RE-LY trial) and hemorrhagic events

(continued)
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Table 1.1 (continued)
Number | Diseases
of associated with
Title article medicines | polypharmacy | Conclusions Reference
Sex differences in >10 Acute The prevalence of [24]
multimorbidity and myocardial polypharmacy generally
polypharmacy trends: A infarction decreases among
repeated cross-sectional Asthma women, especially
study of older adults in Cancer younger women with
Ontario, Canada Cardiac fewer chronic diseases,
arrhythmia whereas polypharmacy
Chronic increased at all ages and
coronary levels of multimorbidity
syndrome among male patients
Chronic
obstructive
pulmonary
disease
Congestive heart
failure
Dementia
Diabetes
Hypertension
Osteoarthritis
The effects of in-hospital | >9 Hypertension The analysis of [25]
deprescribing on potential Dyslipidemia medication prescriptions
prescribing omission in Diabetes allowed for a reduction
hospitalized elderly mellitus in the number of
patients with polypharmacy Asthma medications for
Dementia hospitalized elderly
Ischemic stroke | patients
Ischemic heart
disease
Chronic kidney
disease
Heart failure
Atrial
fibrillation
Polypharmacy among >3.8 Type 2 diabetes | The number of [15]
people living with type 2 mellitus medications increased

diabetes mellitus in rural
communes in Vietnam

according to the
duration of type 2
diabetes mellitus, as
well as the number of
comorbidities
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Table 1.1 (continued)

Number | Diseases
of associated with
Title article medicines | polypharmacy | Conclusions Reference
The association of >5 Type 1 diabetes | The high number of [26]
polypharmacy and mellitus prescription drugs are
high-risk drug classes with strong risk markers for
adverse health outcomes in the development of
the Scottish population adverse health events,
with type 1 diabetes including acute
complications of
diabetes
The development of a 8 Cardiac failure | Tool capable of [27]
scoring and ranking Diabetes evaluating adverse drug
strategy for a patient- mellitus reactions in
tailored adverse drug Hyperlipidemia | polypharmacy therapies
reaction prediction in and may help in
polypharmacy choosing the therapy
and monitoring patient
safety

Source: Research data

1.2 Scenario of Polypharmacy in Cancer Treatment

Polypharmacy has been a daily practice in cancer patients. Due to the narrow thera-
peutic window of antineoplastic chemotherapeutics, as well as the presence of other
comorbidities in cancer patients, the combination of drugs in the therapeutic proto-
col of these patients becomes frequent [29]. With the complexity of cancer cells,
many studies demonstrate that combination therapy has better results in tumor
reduction when compared to monotherapy [17, 30]. The association of chemothera-
peutic agents with different mechanisms of action (Fig. 1.3) allows a greater num-
ber of cancer cells to be reached, thus promoting a reduction in tumor mass and
tumor regression [30, 31].

In addition, because cancer affects organs and compromises their functioning, it
is common for cancer patients to use medication to relieve symptoms caused by
tumor formation, where the pain is one of the main symptoms [8, 32, 33]. The use
of drugs associated with chemotherapy can also be useful for reducing the toxicity
of anticancer treatment [17, 34]. As well as the use of drugs whose objective is to
reduce the toxicity of chemotherapy. The planning of the treatment protocol for
cancer patients must be defined in a multi-professional way, to avoid serious drug
interactions and reduce the quality of life of patients [35, 36].

Nieder et al. [37] studied the prevalence of polypharmacy in elderly patients
>70 years old who received palliative radiotherapy and observed that 73% of the
patients used five or more medications daily, with corticosteroids (59%) and analge-
sics opioids (55%) being the most used medications. Polypharmacy appears to be
associated with symptom severity, as well as the pain medication used [37, 38].
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Fig. 1.3 Combination of
different drugs with
different mechanisms of
action for the treatment of

cancer. (Source: Created

with BioRender.com)

it W
Cancer

In the study by Suzuki et al. [38], they observed that 70% of cancer patients used
polypharmacy, where a part of the prescribed drugs was related to the symptoms
presented by the patients, such as antiemetic drugs, analgesics, hypnotic sedatives,
and laxatives, among others. After pharmaceutical evaluation of the prescription, at
least one drug was recommended for suspension, being considered an unnecessary
drug, reducing the use of antiemetics, gastrointestinal drugs, and hypnotic seda-
tives, thereby reducing or preventing adverse drug reactions [38, 39].

The presence of multimorbidity in cancer patients may be a factor that favors
polypharmacy. According to the study by Keats et al. [40], 53% of adult cancer
patients reported having multimorbidity, and 41% reported using >5 medications.
Compared with a group that did not have cancer, the authors concluded that cancer
appears to increase the risk of increased multimorbidity and polypharmacy, thereby
increasing the health burden and the need for continuing education for the preven-
tion of drug-related harm and focused interventions in reducing the prescription of
unnecessary medications.

Alwhaibi et al. [41] also evaluated the association of comorbidities in cancer
patients and the prevalence of polypharmacy. The authors observed that 79% of the
patients used polypharmacy, being more prevalent in cancer patients with hyperten-
sion, diabetes, asthma, and anxiety. According to Nightingale, Skonecki, and
Boparai [42], polypharmacy in elderly patients with cancer can induce adverse drug
events, an increase in cases of falls, frailty, hospitalization, and postoperative com-
plications and mortality.

1.3 Drug Interactions

The practice of polypharmacy, although important for the treatment of diseases such
as diabetes, hypertension, and cancer, can present drug safety risks [7, 19, 43].
Polypharmacy is based on the prescription of drugs that will present different
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binding targets, seeking treatment efficacy or reducing resistance formation. This
drug interaction may be beneficial, increasing the effectiveness of the therapy, or it
may be unwanted, due to the development of adverse events [44]. Guthrie et al. [45]
in a cross-sectional study in Scotland found that the greater the number of medica-
tions a patient uses, the greater the likelihood of potentially serious drug interac-
tions. According to the study by Hoemme et al. [46], drug interactions influence in
the overall survival of patients with breast cancer, in which patients without drug
interactions had an overall survival of 34.9 months, while patients who had low- and
high-risk drug interactions had an overall survival of 26.2 and 27 months,
respectively.

Drug interaction is considered a form of adverse drug event, being identified as
an avoidable cause of hospitalization related to drug use. One-third of cancer
patients are prone to clinically relevant drug interactions, with around 2% of hospi-
tal admissions attributable to drug interactions in cancer patients [29, 47—49]. It is
extremely important when defining the therapy that the patient will use, to assess the
possible adverse reactions to which the treatment may be subject to develop and to
assess the risk-benefit of the treatment [19, 50-53]. Given the complexity of drug
interactions, polypharmacy is described as one of the greatest challenges of medical
prescription [19, 54, 55].

1.3.1 Pharmacodynamic Interactions

Pharmacodynamic interactions refer to interactions related to the mechanism of
action of drugs, where they directly influence the effects of each other and may
potentiate the therapeutic effects of both drugs or reduce their effects [56-58].
Pharmacodynamic interactions may be desired when the potentiating effects are to
be in the same direction as they were planned, and these synergistic effects are often
aimed at in the treatment of infections or in pain therapy [57, 59]. When a drug
blocks the effect of other drugs, they can be classified as antagonist drugs, which
can be used in the desired way, when you want to reduce the exacerbated action of
a particular drug, in cases of overdose and may be undesirable in the case of inhibit-
ing the drug’s action and reduce its therapeutic efficacy [56, 57, 60]. In Fig. 1.4 we
observe the interaction of agonist and antagonist drugs that act on the same receptor.

Drugs can be classified according to their mechanism of action as nonspecific,
with drugs that act independently of interaction with molecular targets, where their
activities will depend on their physicochemical properties, such as solubility, oxi-
reduction power, degree of ionization, and surface tension [56, 61]. On the other
hand, specific drugs will interact with molecular targets, which can be enzymes,
proteins, nucleic acids, and receptors [62, 63]. Figure 1.5 exemplifies the differ-
ences between nonspecific and specific drugs.

Antineoplastic therapy is based on the application of different drugs with differ-
ent mechanisms of action that act together in the destruction of cancer cells. In this
case, this type of interaction is desired, but also some interactions of antineoplastic
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Fig. 1.4 Competition
between antagonist drugs
and receptor agonist drugs.
(Source: Created with
BioRender.com)

Fig. 1.5 Examples of mechanisms of action of nonspecific (a) and specific (b) drugs. (Source:
Created with BioRender.com)

agents can potentiate their toxicity, which must be evaluated so as not to compro-
mise the clinical status of the cancer patient [64—67].

Pharmacodynamic interactions can be classified as synergistic, when the effect
of two drugs is greater than the sum of their individual effects; additive, when the
effect of two drugs is just the sum of the effects of each; antagonist, when the effect
of two drugs is less than the sum of their individual effects; and sequence-dependent
effect, when the order of drug administration governs their effects [68—70].

An interaction widely used in cancer treatment is 5-fluorouracil (5-FU) with
folinic acid (leucovorin). Leucovorin works by inhibiting the side effects of 5-FU
and enhancing its anticancer efficacy [71]. Another interaction that may also be
desired is methotrexate with leucovorin, as leucovorin may reduce the toxicity of
methotrexate as well as reduce its effectiveness [72]. Figure 1.6 exemplifies the
action of leucovorin on the mechanism of action of 5-FU and methotrexate.

Combination therapy for the treatment of cancer is based on pharmacodynamic
interactions, synergistic, or additive, from a combination of drugs. With this in
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Fig. 1.6 Schematic of the interaction between 5-FU and leucovorin, where leucovorin will accel-
erate the thymidine synthesis process, thus facilitating the action of 5-FU in a step later with the
inhibition of thymidylate synthase. We can also observe that methotrexate inhibits the formation of
tetrahydrofolate, and when associated with leucovorin, because it is an analogue of tetrahydrofo-
late, itinhibits the action of methotrexate. 5-FU 5-fluorouracil, FAUMP 5-fluoro-2'-deoxyuridine-5’-
monophosphate, dUMP deoxyuridine monophosphate, dTMP deoxythymidine monophosphate,
TS thymidylate synthase, MTX methotrexate. (Source: Created with BioRender.com)

mind, Milczarek, Pogorzelska, and Wiktorska [73] associated a natural compound
derived from isothiocyanate and 5-FU in colon and prostate cancer cell lines. The
authors observed synergistic effects between the substances, which seem to be more
effective with more aggressive tumors, with the benefits observed in colon cancer
cells of the HT-29 lineage.

Lam et al. [74] evaluated the interaction effects of herbal medicines such as
Lingzhi and Yunzhi medicinal mushrooms with anticancer drugs. The authors
observed that the antineoplastic agents most associated with mushrooms were cis-
platin, 5-FU, mitomycin, tegafur, and paclitaxel, showing that the interactions
increased the cytotoxic efficacy of the drugs, in addition to improving adverse
effects and the quality of life of patients with cancer. Pawaskar et al. [75] evaluated
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the synergistic interactions between sorafenib and everolimus in pancreatic cancer
xenografts noting that this interaction promoted a complete inhibition of tumor
growth. Also in human pancreatic cancer cells, Ricciardi et al. [76] observed syner-
gistic cytotoxic effects between sorafenib and gemcitabine, where sorafenib reduced
the activation of c-Kit, extracellular signal-regulated kinases (ERK), and vascular
endothelial growth factor receptor 2 (VEGFR?2), while gemcitabine inhibited Akt
phosphorylation.

Qian et al. [77] evaluated the effects of coix seed extract associated with gem-
citabine in pancreatic cancer. The results of the study showed that coix seed extract
greatly increased the effectiveness of gemcitabine with a tumor inhibition rate of
76.01 = 8.46%, where interactions appear to be related to regulation of protein-
mediated drug efflux ABCB1 and ABCG2. Desidero et al. [78] also evaluated the
association of drugs for the treatment of colon cancer. The authors observed in
in vitro cell proliferation assays in different colon cancer cell lines that the associa-
tion of the active metabolite of irinotecan (SN-38) when associated to sunitinib has
a synergistic effect in inhibiting the expression of the ABCG2 gene and increasing
intracellular of concentrations of SN-38.

Depending on the drug administration sequence, they may have different inter-
action profiles. According to Chen et al. [79], the sequential therapy of docetaxel
followed by cabozantinib showed better efficacy in the treatment of human pros-
tate cancer, showing synergistic effects between the drugs. The cabozantinib
sequence followed by docetaxel had antagonistic effects, being less effective. Li
et al. [80] observed that depending on the sequence of administration between erlo-
tinib and gemcitabine synergistic or antagonistic effects may occur, showing that
the synergistic interaction occurs when erlotinib is administered before gemcitabine,
while the opposite occurs antagonism.

Also evaluating the interactions of combination therapy in the treatment of pros-
tate cancer, Ben-Eltriki, Deb, and Guns [81] evaluated the use of calcitriol in com-
bination therapy, bringing together several studies related to calcitriol in prostate
cancer therapy. Calcitriol appears to increase the antiproliferative and cytotoxic
effects of chemotherapy when combined with the antineoplastics mitoxantrone,
docetaxel, and paclitaxel in vitro against cells of the PC3 lineage [82, 83]. This
interaction of calcitriol with taxanes seems to be due to the action of calcitriol in
reducing the expression of protein-1, and this protein is responsible for the mecha-
nisms of resistance to multiple drugs [84].

Calcitriol has shown benefits in reducing cancer cell resistance mechanisms [81].
According to the study by Skowronski, Peehl, and Feldman [85], the combination
of cetuximab with calcitriol suppresses the growth of hormone-resistant DU145
PCa cells, causing considerable interruption of the cell cycle in the GO/Gal phase
and increased apoptosis.

Frances et al. [86] observed in clinical trials the synergistic effect of capecitabine
associated with docetaxel in the treatment of metastatic breast cancer. Epidermal
growth factor receptor (EGFR) inhibitor monoclonal antibodies also have pharma-
codynamic interactions that can lead to the development of adverse reactions or
increase antitumor activity. The combination of EGFR blockers combined with
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chemotherapy brings synergistic effects, thereby causing irreparable damage to can-
cer cells and may also reduce the resistance of tumor cells [87]. Other benefits of
interactions are the association of curcumin that neutralizes the ototoxicity of cis-
platin [88], and sulforaphane attenuates the cardiotoxicity of doxorubicin [89].

Despite the benefits of some pharmacodynamic interactions of anticancer treat-
ment, others can cause serious adverse reactions [90]. Pritchard, McElwain, and
Graham-Pole [91] observed that the association of high doses of melphalan with
cyclophosphamide, vincristine, and doxorubicin can induce dangerous toxicity in
the spinal cord and mucosa in children being treated for neuroblastoma.

Mouzon et al. [92] found in their cross-sectional study with anticancer agents a
total of 41 potential interactions, of which 10 were considered more severe. As for
the consequences of interactions, they increased the toxicity of drugs and led to a
decrease in the effectiveness of the treatment. The authors emphasize that the drugs
cisplatin, methotrexate, lapatinib, and fluorouracil were the ones that were most
involved in drug interactions.

Some drugs may have additive interactions in increasing the risk of toxicity;
examples are trastuzumab associated with doxorubicin, which increases the risk of
cardiotoxicity and cisplatin when associated with nephrotoxic drugs such as amino-
glycosides and rituximab induces renal toxicity [68, 93-96]. The use of vinorelbine
associated with paclitaxel seems to induce the development of neuropathy [68,
97, 98].

1.3.2 Pharmacokinetic Interactions

Pharmacokinetic interactions are related to the route that the drug takes in the body
and may occur during the processes of absorption, distribution, metabolization, or
excretion of drugs. These interactions are identified when changes in pharmacoki-
netic parameters occur, such as changes in peak serum concentration, area under the
curve, drug half-life, total amount of drug excreted, among others [99-101].
Figure 1.7 presents some mechanisms of pharmacokinetic interactions.

Pharmacokinetic interactions can reduce the effectiveness of a drug and increase
its permanence in the body, with a consequent increase in its toxicity. Liu et al.
[103] evaluated antipsychotic polypharmacy with clozapine and risperidone in
in vitro and in vivo studies in healthy male Sprague-Dawley rats, with the aim of
evaluating their interactions for the treatment of schizophrenia. The authors observed
that clozapine inhibited the metabolism of risperidone in vivo and increased its
concentration in plasma and brain, thereby causing brain exposure and possibly
inducing toxic effects.

Some drugs can interact by reducing the absorption of a certain drug, an example
is the interaction of proton pump inhibitors (rabeprazole, omeprazole, and esome-
prazole) with tyrosine kinase inhibitors (erlotinib, lapatinib, nilotinib, imatinib, and
axitinib). The proton pump inhibitors will cause changes in gastric pH and conse-
quently inhibit the absorption of tyrosine kinase inhibitors [104, 105].
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Fig. 1.7 Main mechanisms present in pharmacokinetic interactions. (Source: [100, 102]. Created
with BioRender.com)

Another type of interaction is related to the distribution of drugs, to which some
have a high binding with plasma proteins, requiring binding to be distributed to their
site of action. Tyrosine kinase inhibitor drugs are highly protein-bound and may
interact with other drugs that require this binding to plasma proteins, such as phe-
nytoin and warfarin, which are highly protein-bound [104-107].

Gruzdeva, Khokhlov, and Ilyin [108] evaluated the drug interaction profile in
patients with coronary heart disease using polypharmacy. The authors noted that
drug interactions are more related to changes in the activity of cytochrome P450
isoenzymes, which is the most important biotransformation enzyme in drug metab-
olism [109].

Seeking to assess drug interactions in breast cancer patients, Fogli et al. [110]
evaluated interactions of patients treated with CDK4/6 inhibitors (palbociclib, ribo-
ciclib, and abemacilib), where they could observe that the metabolic clearance of
these inhibitors occurs mainly due to the metabolism in CYP3A4 in the liver. The
interaction of these drugs can significantly change the pharmacokinetic profile of
these inhibitors, which may influence their safety profile.

Another substance that is also metabolized by CYP3A4 is calcitriol [81]. This
metabolization can cause interactions with drugs that are also metabolized by this
enzyme, such as ketoconazole, tamoxifen, ritonavir, or clarithromycin, thereby
causing a 60-100% inhibition of calcitriol inactivation by CYP3A4. Debetal. [111]
observed that calcitriol interacted with abiraterone mediated by CYP3A4 and inhib-
iting calcitriol inactivation in the liver and intestine and provided benefits in anti-
cancer therapy of patients with prostate cancer.

Abiraterone inhibits enzymes important in the metabolism of several drugs, such
as cytochrome P450-dependent enzymes, CYP2CS, and CYP2D6 in the liver; thus
abiraterone can increase the plasma levels of drugs such as amitriptyline, oxyco-
done, risperidone, amiodarone, and carbamazepine. Due to the metabolism of
enzalutamide by CYP2C8, abiraterone may also increase its plasma concentration.
In addition, drugs that induce CYP2CS8 can reduce the effectiveness of enzalutamide
and should be avoided, as is the case with rifampicin [112].

Lipp and Miller [113] also evaluated the potential drug interactions of abiraterone
and enzalutamide, used for the treatment of metastatic prostate cancer. The authors
point out that because enzalutamide is a strong inducer of CYP3A4, it has the poten-
tial to decrease the plasma concentrations of several drugs. Concerning abiraterone,


http://biorender.com

1.4 Advantages in Drug Association 13

which is a strong inhibitor of CYP2D6, the situation is less worrying, as the metabo-
lism mediated by CYP2D6 is much lower than with CYP3A4.

Regarding enzyme interactions, sorivudine is an inhibitor of dihydropyrimidine
dehydrogenase, which is an important enzyme for 5-FU catabolism and responsible
for 5-FU detoxification. With the inhibition of the enzyme by sorivudine, there is an
increase in the levels of 5-FU, thereby increasing its toxicity, inducing the develop-
ment of gastrointestinal disorders and bone marrow toxicity, as well as leading the
patient to death [114-116].

Enzyme-inhibiting drugs can also reduce the effectiveness of a drug, for exam-
ple, paroxetine can act by inhibiting the conversion of tamoxifen to endoxifen
(active metabolite) due to targeted N-methylation of CYP3A4 and targeted hydrox-
ylation of CYP2D6 [117, 118].

Another pharmacokinetic interaction profile is related to changes in drug excre-
tion. An example of this type of interaction is methotrexate when combined with
non-steroidal anti-inflammatory drugs (NSAIDs), which increase the exposure of
plasma methotrexate, with a consequent decrease in the urinary flow rate [119]. The
interaction of methotrexate with benzimidazoles may induce methotrexate toxicity,
due to the increased serum concentration of its active metabolite
7-hydroxymethotrexate [120, 121].

1.4 Advantages in Drug Association

The use of polypharmacy, when properly applied, can help in the treatment of the
patient, promoting the reduction of symptoms and the treatment of patients with
multimorbidities [20, 122]. Cancer is a complex disease that can affect several
organs, compromising their functioning, requiring a drug combination to improve
the response in reducing cell proliferation of cancer cells, as well as to relieve symp-
toms [17, 123-125]. Furthermore, the cancer treatment itself can induce toxicity
and compromise some organs, requiring the use of drugs to avoid the toxic effects
of chemotherapy [8, 126—128]. Table 1.2 presents some advantages and disadvan-
tages of polypharmacy.

Table 1.2 Main advantages and disadvantages of polypharmacy

Advantages Disadvantages

Controlling chronic conditions or multiple Increased risk of drug interactions

comorbidities

Improve the quality of life of patients Reduced quality of life due to treatment
toxicity

Increased treatment effectiveness with Reduced therapeutic effectiveness and

synergism with therapeutic action of drugs increased toxicity

Increased disease control Risk of nonadherence to treatment by the
patient

Reduction of adverse events Higher risk of medication errors

Source: [129, 130]
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Seeking to develop a conjugate to multiple targets in cancer cells, Alam et al.
[131] developed alkylphosphocholine-gefitinib conjugates, showing their benefits
in inhibiting Akt phosphorylation and of EGFR tyrosine kinase, showing superior or
comparable effects to erlotinib and miltefosine. Kim et al. [132] evaluated, in a
phase 1 study, the combination of sorafenib and trametinib in patients with advanced
hepatocellular cancer. The authors showed the safety in the association of these
drugs in the treatment of hepatocellular cancer, although some patients had adverse
reactions such as the elevation of aspartate aminotransferase (AST) in 37% of
patients and hypertension in 24% of patients. But, on the other hand, the association
led to 98.1% inhibition of phosphorylated ERK, which is an important pathway for
cell proliferation.

Jiang et al. [133] evaluated the benefits of combined gemcitabine and sorafenib
for the treatment of non-small cell lung cancer. In in vitro studies, the authors
observed induction of cell cycle arrest and apoptosis of the A549 lineage cells. And
in vivo studies showed a decrease in tumor mass in non-small cell lung cancer with
the association of gemcitabine and sorafenib.

Combination therapy is more effective than monotherapy, but in some cases,
combination chemotherapy can also increase the toxic profile of the therapy and
lead to patient hospitalization and worsening of their clinical situation [134, 135].
Drug interactions are complex and require the action of a multidisciplinary team to
provide comprehensive care to the patient and reduce drug-related problems [36,
136-138].

The use of premedication makes it possible to reduce the toxicity of chemother-
apy. Groleau and Cdte [139] evaluated the use of dexamethasone before pemetrexed-
based chemotherapy, verifying that the use of dexamethasone allowed the reduction
of skin toxicity due to treatment with pemetrexed. Saito et al. [140] evaluated the
use of intravenous magnesium as a premedication to reduce cisplatin-induced neph-
rotoxicity, showing that magnesium had a protective effect. Kubo et al. [141] also
used magnesium with a prophylactic effect on renal dysfunction in preoperative
chemotherapy with the use of cisplatin in patients with esophageal cancer, thereby
also showing the benefits of magnesium as a renal protector.

1.5 Risks of Polypharmacy

Polypharmacy, as important as it is for the treatment of patients, can have conse-
quences in terms of reduced life expectancy, quality of life, frequency of readmis-
sions, and financial costs [53, 122, 142—144]. These problems are related to the
increase in adverse reactions to the treatment, which may be related to drug interac-
tions present in the therapeutic protocol [18, 142, 145, 146]. Table 1.3 shows some
studies that report adverse events due to drug interactions in patients undergoing
polypharmacy.

According to the study by Millenaar et al. [23], patients with atrial fibrillation
and who use polypharmacy should be advised when treatment adherence to avoid
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the development of adverse cardiovascular and hemorrhagic events that could lead
to the patient’s death. Pu et al. [28] observed in their study that the use of polyphar-
macy can induce signs of aspiration in the elderly, which can lead to swallowing

disorders.

Hohn et al. [26] showed that polypharmacy in patients with type 1 diabetes can
induce the development of reactions such as falls, hypoglycemia, and even the

Table 1.3 Main adverse events induced by drug interactions in patients using polypharmacy

Drugs in use

Most frequent adverse events

Reference

Antithrombotic/anticoagulant
Antidepressants/antipsychotics
Calcium carbonate
Beta-blockers

Not reported

(22]

Antipsychotic

Gastrointestinal tract reactions
Brain exposure

[103]

Antidepressants

Diuretics

Calcium channel blockers
Beta blockers

Antiepileptics
Blood-glucose-lowering drugs
Anticoagulant/antithrombotic

Falls
Hypoglycemia
Diabetic ketoacidosis

(26]

Antithrombotic

ACE inhibitors

Antiarrhythmic

Diuretics

Dihydropyridine calcium antagonists
Beta blockers

Bradycardia
Hypotension
Thrombus formation

[108]

Valsartan
Bisoprolol
Bumetanide
Digoxin
Metformin
Sitagliptin
Gliclazide
Simvastatin

Vomiting
Renal failure
Septic shock

(27]

Serotonin reuptake inhibitors
Serotonin-noradrenalin reuptake inhibitors/
noradrenaline reuptake inhibitors

Tricyclic antidepressants

Gabapentinoids

Vascular risk factors

[147]

Opioid
Antiepileptics
Antipsychotics
Beta blockers
Diuretics
Anxiolytic
Antidepressant

Opioid overdose

[148]

(continued)
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Table 1.3 (continued)

1 Polypharmacy in Cancer Therapy

Drugs in use Most frequent adverse events Reference
Anthracyclines Decrease in renal creatinine [35]
Fluoropyrimidines clearance

Platinum salts Myopathy

Antitubulins Cardiovascular risk
Anti-inflammatories

Anticoagulants

Antiplatelet

Antihypertensives

Corticosteroids

Anthracyclines Renal dysfunction [149]
Fluoropyrimidines Cardiac dysfunction

Platinum salts Neurotoxicity

Antitubulins Bradycardia

Antifolates Leucocytopenia

Alkylators Risk of bleeding

Tyrosine kinase inhibitors Hypotension

Monoclonal antibodies Hyperkalemia

Non-steroidal antirheumatic drugs

Low-dose aspirin

Beta-blockers

Opioids

Proton pump inhibitors

Source: Research data

patient’s death. Valeanu et al. [27] evaluated the effectiveness of a tool to prevent
adverse reactions due to polypharmacy, evaluating the case of an 85-year-old patient
who had three diseases and was using eight drugs, dying due to drug interactions.

Brett et al. [147] evaluated the use of psychotropic drugs in Australia in 2018,
noting the use of polypharmacy. The authors observed that drug interactions with
the use of serotonin reuptake inhibitors, serotonin-noradrenaline reuptake inhibi-
tors, antidepressants, and gabapentinoids for the treatment of mental illness can
bring serious cardiovascular problems. The study by Al-Qurain et al. [148] evalu-
ated the risks of opioid interactions in elderly patients undergoing polypharmacy,
where they observed that the interaction of opioids with antiepileptics may increase
the risk of opioid overdose.

Some chemotherapy protocols for the treatment of cancer, despite showing
greater efficacy, may be responsible for adverse reactions. Monteiro et al. [35] eval-
uated the main drug interactions in cancer patients, identifying serious interactions
such as the association of paclitaxel with doxorubicin that can decrease renal clear-
ance of creatinine induced by paclitaxel, also can lead to cardiovascular damage, as
well as the interaction of cyclophosphamide with doxorubicin and aspirin with
pemetrexed.

Hoemme et al. [149] highlight that the risk of drug interactions increases with the
increase in the number of drugs in use, from 14% in patients with 4 drugs, 24% in
patients with 4-7 drugs, 40% with 8—11 drugs, and 67% with >11 medications in



References 17

use. The increase in the use of medication also seems to be related to the severity of
the disease, being more frequent in patients with advanced cancer.
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Chapter 2
Combined Therapy for the Treatment
of Cancer

2.1 Anticancer Therapy

Antineoplastic chemotherapy is one of the modality of cancer treatment, which is
based on the use of drugs seeking to destroy or slow down the growth of cancer cells
[1-3]. Chemotherapy can be used for curative or palliative purposes, with the aim
of prolonging life or reducing symptoms. This modality is one of the most used in
cancer treatment and can be used alone or in association with other modality such
as surgery and radiotherapy [4-6].

Chemotherapy is one of the most effective therapeutic approaches, which can
alleviate painful symptoms, prolong life, and/or cure the disease. It has been used
since ancient times and has been evolving every year with a reduction in its toxicity
and successful therapeutic results [7-9]. However, the application of cytotoxic che-
motherapy will not necessarily result in tumor regression in all cancer patients, due
to the heterogeneity of the neoplasm, as well as the possibility of localization in
different organs and tissues, so the chemotherapy response ends up being different
for each type of tumor [9-12].

Neoplastic cells may have an invasive capacity, metastatic potential, higher
growth rate, immunogenicity, and an intrinsic response to specific drugs [13, 14].
Therefore, patients with the same type of tumor, in the same region, with the same
evolutionary stage, may present different responses to the same therapeutic regimen
and may present favorable or unfavorable responses [3, 13, 15].

Some laboratory tests can help in the diagnosis of cancer as well as aid in the
treatment, based on the analysis of tumor markers and the identification of overex-
pressed receptors on cancer cells [16, 17]. For example, in breast cancer, some
patients may overexpress hormone receptors, and hormone therapy is indicated, or
they may have overexpression of type 2 human epidermal growth factor receptors
(HER2), which indicates the use of target therapy, with the use of monoclonal
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Fig. 2.1 Some receptors
that may be overexpressed
in cancer cells. PD-1
programmed death 1
receptor, CD28 cluster of
differentiation 28, IL-2
interleukin 2, CD137
cluster of differentiation
137, TNFR tumor necrosis
factor receptor, CD3
cluster of differentiation 3,
HER-2 human epidermal
growth factor receptor 2,
BTLA B- and
T-lymphocyte associated,
CTLA-4 cytotoxic
T-lymphocyte-associated
protein 4. Source: Created
with BioRender.com

antibodies (trastuzumab and pertuzumab) [15, 18, 19]. In Fig. 2.1 some receptors
that may be overexpressed in cancer cells are present.

With the discovery of overexpressed receptors, it was possible to develop tar-
geted therapy directed at these overexpressed receptors in cancer cells [20-22].
Targeted therapy, unlike cytotoxic chemotherapy, is based on the application of
drugs that will act exclusively or almost exclusively on specific molecules of cancer
cells, thereby reducing toxicity in healthy cells and its side effects, which are com-
mon in cytotoxic chemotherapy [23-25].

The study of molecules overexpressed in cancer cells, in addition to aiding in the
development of specific drugs, also allows the identification of mechanisms of resis-
tance to antineoplastic agents [26—29]. The overexpression of drug-metabolizing
enzymes in cancer cells causes the drugs to be converted quickly, and they can be
inactivated and excreted more quickly, without showing their therapeutic action
[30-33]. An example is the overexpression of glutathione, which inactivates anti-
neoplastics due to its electrophilic properties [34, 35].

Given the complexity of cancer cells and due to the possibility of developing
resistance to some antineoplastic drugs, combined therapy has been an ally, show-
ing good results when compared to monotherapy for the treatment of cancer [36-39].

2.2 Combination Therapy in Cancer

Cytotoxic chemotherapy acts by inhibiting the cell proliferation of cancer cells dur-
ing the process of cell division, being classified as alkylating agents, causing altera-
tions in the DNA chains and preventing its replication, through the alkylation of
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nucleic acids [40]; antimetabolites, which act by inhibiting a metabolite, blocking
the production of enzymes important to the process of cell division, and thereby
interrupting nucleic acid synthesis [41-43]; cytotoxic antibiotics interfere with the
synthesis of nucleic acids through intercalation processes, preventing the duplica-
tion and separation of DNA and RNA chains [42]; derived from natural products
(vinca alkaloids and taxoids), they can act by inhibiting the formation of microtu-
bules, promoting their rupture or making them nonfunctional, as well as acting by
inhibiting topoisomerase, thereby interrupting DNA replication [44, 45]. Table 2.1
shows the classes of cytotoxic antineoplastic agents and examples of drugs belong-

ing to each class.

Table 2.1 Classification of cytotoxic antineoplastic agents

Class Function Drugs Reference
Alkylating They bind to chemical groups such as Cyclophosphamide | [46, 47]
agents phosphate, amino, sulthydryl, and hydroxyl, | Nitrogen mustards
which are commonly found in nucleic acids | Busulfan
and other macromolecules, causing changes | Nitrosoureas
in DNA and RNA Dacarbazine
Melphalan
Chlorambucil
Thiotepa
Antimetabolites | They work by mimicking molecules needed | 5-Fluorouracil [48-50]
for cell growth, causing cells to use these 6-Mercaptopurine
antimetabolites to inhibit DNA synthesis Cytarabine
Pentostatin
Vidaza
Decitabine
Capecitabine
Fludarabine
Gemcitabine
Cytotoxic Drugs that have antibiotic activity as well as | Bleomycin [51,52]
antibiotics potent antitumor activity, being developed as | Dactinomycin
anticancer agents Daunorubicin
Doxorubicin
Epirubicin
Idarubicin
Mitomycin C
Mitoxantrone
Plicamycin
Valrubicin
Taxoids They promote the polymerization of tubulin | Paclitaxel [53-55]
and the formation of microtubules resistant | Docetaxel
to disassembly by physiological stimuli
Vinca alkaloids | It acts on tubulin, inhibiting the formation of | Vincristine [56-58]
microtubules and inhibiting the ability of Vinblastine
cancer cells to divide Vinorelbine
Platinum They form adducts with DNA, thereby Cisplatin [59-61]
composite preventing its synthesis and repair, inducing | Carboplatin
cell death Oxaliplatin
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Fig. 2.2 Classification of
antineoplastic agents and
their phases of action in
the cell cycle. Source:
Created with
BioRender.com

Antimetabolites

Alkylating agents
G

Cytotoxic drugs can act in different phases of the cell cycle, being classified as
unspecific cycle and specific cycle, where specific cycle drugs can be further sub-
classified in nonspecific or specific phase of the cell cycle [62, 63]. Drugs classified
as unspecific phase can act in different phases of the cell cycle, such as alkylating
agents, while phase-specific drugs will act in a phase of the cell cycle, such as anti-
metabolites that act specifically on the S phase [47, 63, 64]. Figure 2.2 shows the
phase of action of each class of antineoplastics.

Another class of drugs used for cancer treatment are biological agents, which
stimulate natural defenses against neoplastic cells, and may act by blocking the cell
cycle, inhibiting angiogenesis, in the rescue of apoptosis and the function of tumor
suppressor genes or in the elimination of cells with mutated genes, acting selec-
tively [9, 25, 65-67]. Among the drugs that are classified as biological agents, they
include hematopoietic growth factors, interleukins, interferon, monoclonal antibod-
ies, tyrosine kinase inhibitors, among others [68, 69]. Table 2.2 shows the classes of
biological agents and their functions in cancer treatment.

Given the different options of drugs for the treatment of cancer with different
mechanisms of action, the association of these drugs is interesting, as it will allow
the blocking of the growth of cancer cells through different ways and be able to
reduce the tumor mass, which may be more effective than monotherapy [3, 8, 92].
Therefore, combined therapy is widely used in cancer treatment, due to its advan-
tages, with better response to cancer treatment, seeking to reduce the heterogeneity
of tumor response [3, 93-95]. Combination therapy is more successful in metastatic
cancer, where the guidelines to define the specific combination are as follows: the
drugs must be effective when used alone, the associated drugs must have different
mechanisms of action, and the degree of toxicity must not be higher than the admis-
sible; thus, the drugs should not have the same toxicity profile [3, 96, 97].

Combination therapy also reduces the development of resistance in cancer cells
by acting on different cellular mechanisms than cancer cells [98, 99]. Another
advantage is that each drug can be used in its optimal concentration, avoiding its
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Table 2.2 Main classes of biological agents, mechanism of action and drugs
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Biological agents Biological agent mechanism Drugs Reference
Granulocyte They stimulate the proliferation of | Filgrastim [70,71]
colony-stimulating neutrophil line erythrocyte Pegfilgrastrim
factor (G-CSF) and precursors, enhancing the function | Sargromostim
granulocyte/ of neutrophils and macrophages Recombinant human
macrophage erythropoietin
colony-stimulating Darbepoetin alfa
factor (GM-CSF)
Interleukin A group of cytokines that regulate | Interleukin 2 [72,73]
immune cells by binding to Interleukin 10
receptors on the surface of Interleukin 12
lymphoid and hematopoietic cells, | Interleukin 15
thereby interfering with the Interleukin 18
function and development of these
cells
Interferon Responsible for NK cell Octreotide [74-77]
activation, antiproliferative effects, | Interferon alfa
angiogenesis inhibition, Bacillus
interaction with growth factors, Calmette-Guérin
oncogenes, and other cytokines
Monoclonal Immune system proteins produced | Trastuzumab [78-80]
antibodies in laboratories act on Rituximab
overexpressed receptors on cancer | Cetuximab
cells, but they can also act as Bevacizumab
immunotherapy helping to activate | Ipilimumab
the immune system against cancer | Pertuzumab
Pembrolizumab
Tositumomab
Blinatumomab
Tyrosine kinase They inhibit the enzyme tyrosine | Imatinib [81, 82]
inhibitors kinases that are responsible for Sorafenib
activating proteins through signal | Sunitinib
transduction cascades Axitinib
Erlotinib
Gefitinib
Anti-angiogenesis They act by inhibiting the growth | Bevacizumab [9, 83-86]
of new blood vessels, which may | Angiostatin
be due to the inhibition of vascular | Endostatin
endothelial growth factor (VEGF) | Thrombospondin
and leading to a reduction in the | Interferon-alpha
production of pro-angiogenic
factors or through the endogenous
regulation of angiogenesis-
stimulating molecules
CAR-T cells It is based on the transfer of genes | T lymphocytes [87-91]

from a virus into the genetic
material of T-lymphocyte cells,
which then express the gene on
their surface. The gene inserted
into T lymphocytes will be able to
recognize the tumor cell and fight
the tumor

obtained from
patients and
modified in the
laboratory
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intolerant side effects [100, 101]. Therapeutic combinations will depend on the type
of tumor, its location, and whether they have overexpressed receptors [80, 102].

Multidrug therapy for the treatment of breast cancer is frequent; protocols such
as doxorubicin associated with cyclophosphamide, epirubicin associated with
cyclophosphamide and paclitaxel, docetaxel associated with carboplatin, and the
association of paclitaxel with gemcitabine are some of the associations used [103,
104]. Bonadonna et al. [105] evaluated the use of the cyclophosphamide, metho-
trexate, and fluorouracil protocol in the treatment of adjuvant breast cancer, verify-
ing that the association of these drugs reduced the risk of recurrence. Also evaluating
the effectiveness of protocols for the treatment of breast cancer, Chan et al. [106]
compared the association of gemcitabine plus docetaxel with capecitabine plus
docetaxel, showing that the gemcitabine and docetaxel protocol had fewer adverse
effects such as diarrhea, mucositis, and hand and foot syndrome, with fewer patients
discontinuing treatment due to adverse events.

Marty et al. [107] evaluated the benefits of including trastuzumab in HER2-
positive breast cancer therapy associated with docetaxel, showing that the combina-
tion increased overall survival to 31 months, overall response rate to 71%, duration
of response to 12 months, time to disease progression of 12 months, and little addi-
tional toxicity compared to docetaxel monotherapy. Trastuzumab has shown bene-
fits when combined with chemotherapy for the treatment of first-, second-, and
third-line breast cancer [108].

The combination of anticancer drugs was also shown to be superior to mono-
therapy, in the study by Martin et al. [109], to the treatment of triple-negative breast
cancer. In the study, the authors evaluated the efficacy of combining docetaxel with
carboplatin, noting that the combination was more effective than doxorubicin mono-
therapy in treating triple-negative breast cancer. According to the study by Grem
etal. [110], the combination of gemcitabine with 5-fluorodeoxyuridine was superior
when compared to gemcitabine monotherapy. Patients had a lower toxicity profile
with combination chemotherapy compared to gemcitabine monotherapy.

Seeking to assess the benefits of the combination of drugs in the treatment of
refractory prostate cancer, Chiti et al. [111] associated vinorelbine with hormone
therapy, resulting in a tumor response rate of 18%; 43% had stable PSA and 29%
PSA progression. The authors identified that the use of oral vinorelbine proved to
be safe.

Reni et al. [112] evaluated the combination of cisplatin, epirubicin, 5-fluorouracil,
and gemcitabine in the treatment of advanced pancreatic cancer, proving to be a
well-tolerated and safe protocol, with a response rate of 58%, mean duration of
response of 8.5 months, and median survival of 11 months, achieving clinical ben-
efit of 78% of the evaluable patients.

Braun et al. [113] evaluated the benefit of neoadjuvant polychemotherapy in the
treatment of locally advanced rectal cancer. The authors compared patients who had
received the chemotherapy protocol doxorubicin and fluorouracil followed by radi-
cal surgery with patients who had received surgery alone. The authors observed a
reduction in the tumor vascular network of ~50-70%, as well as a better 5-year
survival rate in patients who received neoadjuvant chemotherapy, thus
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demonstrating the benefits of combination therapy in the treatment of locally
advanced rectal cancer.

2.2.1 Challenges in Combination Therapy

Not all combination therapies are as effective for a particular type of cancer. One of
the great challenges is to choose appropriate associations that prove to be effective
for the treatment of a given cancer. In addition to the combination, it is important to
define the ideal concentration of each chemotherapy agent, meeting the patient’s
needs in terms of age, comorbidity, and pathological characteristics of the cancer.
These values are important, as they will define the effectiveness of the chemother-
apy treatment, in addition to reducing the toxicity profile [3, 114—117]. Fumet et al.
[118] evaluated the safety of the gemcitabine, docetaxel, capecitabine, and cisplatin
protocol as second-line therapy for the treatment of advanced pancreatic cancer
after using the FOLFIRINOX protocol (oxaliplatin, irinotecan, leucovorin, and flu-
orouracil). The authors observed that the use of the protocol as a second line was not
superior to the use of gemcitabine monotherapy; in addition it presented a grade 3
hematological toxicity profile, requiring dose adaptation.

Due to the difficulty of evaluating the efficacy and safety of a chemotherapy
protocol for the treatment of cancer, Schlick et al. [119] observed new models for
predicting the benefits and toxicity of treatment with the FOLFIRINOX protocol for
the treatment of pancreatic cancer. The authors noted the importance of evaluating
two new independent clinical and serum factors, which were the carcinoembryonic
antigen (CEA) marker and the body mass index (BMI) that influenced the overall
survival of patients, where high BMI negatively affected survival global.

Falcetta et al. [120] evaluated therapeutic regimens using paclitaxel, cisplatin,
and bevacizumab for the treatment of ovarian cancer, noting that paclitaxel as
monotherapy proved to be effective and that when associated with bevacizumab,
there was an additional contribution. Bevacizumab promoted increased cell death in
therapeutic regimens. However, the interaction of paclitaxel with cisplatin resulted
in negative drug interactions, where cisplatin did not contribute to the efficacy of the
regimen when the two drugs were administered on the same day.

Lopez and Banerji [115] highlight the challenges for combining drugs with tar-
geted therapy, highlighting the importance of finding the best combinations due to
the biological complexity of resistance mechanisms to targeted treatment, as well as
the difficulties involved in combinations with respect to profiles of toxicity, pharma-
cokinetic interactions, and the correct time to use the combination.

Another challenge of combination therapy is related to treatment costs; accord-
ing to the study by Latimer et al. [116], the combination of drugs that are under
patent can result in an affordable challenge, in addition to delaying or denying the
patient’s access to treatment. This problem can be overcome by proving the cost-
effectiveness of the therapy, concerning the clinical benefits of the therapy com-
pared to monotherapy.
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2.3 Toxicity of Combination Therapy for Cancer Treatment

One of the major problems of chemotherapy is its high toxicity, which often limits
the therapeutic options and can contribute to the worsening of the clinical condi-
tion of cancer patients [7, 121, 122]. The drug association may have benefits by
enhancing the therapeutic effect, destroying cancer cells by synergistic action, but
it may also enhance the toxic effects of the drugs included in the protocol [3, 24,
123, 124].

Some chemotherapy protocols present toxicity to target organs due to the asso-
ciation of drugs that have similar toxicity profiles [9, 24, 125]. Breast cancer treat-
ment protocols, for example, may be responsible for the development of
cardiotoxicity, mainly due to the use of drugs from the anthracycline class (doxoru-
bicin, epirubicin, among others) that are associated with a high degree of cardiotox-
icity [126—129]. Another example is the protocols used for the treatment of colorectal
cancer that have a high potential for hepatotoxicity [130-132], as well as the proto-
cols used for ovarian cancer that are related to the development of nephrotoxicity
[133-135]. The combination between docetaxel, cisplatin, and 5-fluorouracil,
despite being efficient in the treatment of advanced gastric cancer, is a highly toxic
regimen, which may be related to the development of febrile neutropenia, thrombo-
cytopenia, nausea, and vomiting [136]. Likewise, the combination of gemcitabine
and carboplatin in the treatment of lung cancer may be related to the development
of neutropenia and thrombocytopenia [137].

2.3.1 Toxicity in the Treatment of Breast Cancer

Drugs used for breast cancer have significant toxicity that can be enhanced
when they are in a combination regimen. Women undergoing chemotherapy
usually report asthenia, myalgia, arthralgia, mucositis, abdominal pain, diar-
rhea, and neutropenia as adverse reactions, whose effects will depend on the
class of chemotherapy used [138]. One of the most used classes in the treatment
of breast cancer is anthracyclines, which can have irreversible side effects, such
as cardiac toxicity and acute leukemia [109, 139, 140]. Another class of drugs
widely used in the treatment of breast cancer is taxanes, which also have cardio-
toxic effects [141, 142]. Therefore, Gianni, Salvatorelli, and Minotti [143] eval-
uated the cardiotoxicity of doxorubicin due to its synergistic use with taxanes
and trastuzumab (monoclonal antibody used for the treatment of HER2-positive
breast cancer), which is also cardiotoxic. The authors observed that there seems
to be synergism in the cardiotoxicity of the drugs, despite their different toxicity
mechanisms. Table 2.3 shows some studies that report the toxic effects of drugs
used to treat breast cancer.
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Table 2.3 Toxic effects of combinations used in the treatment of breast cancer

Drug Interacting drug Toxicity interactions Reference
Doxorubicin | Paclitaxel Paclitaxel stimulates the formation of [143,
anthracycline metabolites that play an 144]

important role in your heart failure mechanism.
Increased area under the curve (AUC) and
maximum concentration (C max) of
doxorubicin and increased myelosuppression

Doxorubicin | Trastuzumab Trastuzumab interferes with heart-specific [143]
survival factors, helping the heart to resist
stressors such as anthracyclines

Paclitaxel Epirubicin Increased myelosuppression [145,
146]
Epirubicin | 5-fluorouracil and Interstitial pneumonitis [147,
cyclophosphamide Bilateral pleural effusions 148]

Pneumonitis

Paclitaxel Cyclophosphamide | Increased neutropenia and thrombocytopenia | [149,
when paclitaxel is given before 150]
cyclophosphamide

Petrelli et al. [151] evaluated, through a meta-analysis, the toxic effects of anthra-
cyclines associated with taxanes for the treatment of breast cancer. The authors
report that the association appears not to be related to an increased risk of cardiotox-
icity, venous thromboembolic events, and leukemic risk, but increased mortality not
related to breast cancer.

Paul et al. [152] evaluated the use of paclitaxel combined with 5-fluorouracil for
the treatment of metastatic breast cancer. The authors observed that the patients who
underwent treatment with the association presented as toxicity the development of
mucositis, nausea/vomiting, paresthesia, alopecia, arthralgia/myalgia, and hyper-
sensitivity reactions. In the case of patients who presented hypersensitivity, the pro-
tocol was suspended. With work similar to that of Paul et al. [152], Nicholson et al.
[153] also evaluated the use of the association of paclitaxel, 5-fluorouracil, and leu-
covorin for the treatment of metastatic breast cancer, where patients presented as the
toxicity of the treatment, neutropenia, arthralgia, and myalgia.

Loesch et al. [154] also evaluated the use of the protocol paclitaxel, 5-fluorouracil,
and leucovorin for the treatment of metastatic breast cancer, noting that the main
toxic effects of the treatment were leukopenia, neutropenia, sepsis, neuropathy, nau-
sea/vomiting, diarrhea, and asthenia.

Berruti et al. [155] evaluated the toxicity of the combination of paclitaxel,
vinorelbine, and 5-fluorouracil in the treatment of breast cancer. The authors
observed that the dose-limiting toxicity was myelosuppression, with grade 3/4 leu-
kopenia in 52.5% of the patients, in addition to non-hematological toxicities that
included mucositis, diarrhea, skin, and cardiac toxicity. In 7.2% of patients, neuro-
toxicity was also identified.
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2.3.2 Toxicity in the Treatment of Lung Cancer

Chemotherapy for the treatment of lung cancer can be performed with a single drug
or can be used in combination with drugs. Despite its effectiveness, it can induce
serious toxic events [156—158]. Cherif et al. [157] evaluated the toxicity profile of
chemotherapy in advanced non-small-cell lung cancer. The authors observed that
platinum-based protocols were the most used and that the main toxicities developed
were hematological, gastrointestinal, and renal.

Fan et al. [159] in a phase II study evaluated the combination of gemcitabine and
cisplatin in the treatment of advanced non-small-cell lung cancer; the authors noted
that the combination can induce myelosuppression and gastrointestinal toxicity.

Some drugs used to treat lung cancer can also cause lung damage [148, 160].
This is the case of gefitinib, a drug used for the first-line treatment of advanced non-
small-cell lung cancer. According to Niho et al. [161], treatment with gefitinib in
patients with lung cancer can induce the development of grade 5 interstitial lung
disease; in addition, the authors identified that this drug also induced liver toxicity
(grade 2 or 3), rash (grade 1 or 2), and diarrhea (grade 1).

Erlotinib also appears to have pulmonary toxicity in the treatment of advanced
non-small-cell lung cancer. Liu et al. [162] observed, through a case report, that the
patient developed interstitial pneumonia after using erlotinib, with similar toxicity
related to the use of gefitinib.

Chen et al. [163] also identified pulmonary toxicity in the association of ifos-
famide and docetaxel for the treatment of non-small-cell lung cancer. In addition to
pulmonary toxicity, through the induction of interstitial pneumonitis, the combina-
tion also induced myelosuppression, with the development of febrile neutropenia
(grade 3 or 4) and anemia (grade 3). Table 2.4 shows some studies that observed
pulmonary toxicity in drugs used to treat lung cancer.

Gemcitabine is a drug widely used for the treatment of cancer, indicated in the
treatment of several solid tumors, such as pancreatic, ovarian, and non-small-cell
lung cancer [159, 174, 175]. This drug has been linked to a pulmonary toxicity pro-
file; Pavlakis et al. [160] reported fatal pulmonary toxicity after gemcitabine use,
with patients presenting with respiratory distress syndrome and interstitial pneumo-
nitis. Marruchella et al. [166] report diffuse alveolar damage induced by the use of
gemcitabine during the treatment of non-small-cell lung cancer.

Methotrexate is also indicated for the treatment of lung cancer, and, like other
antineoplastics, it induces the development of pulmonary toxicity [148]. Zimmerman
et al. [170] evaluated the pulmonary toxicity profile of the combination of metho-
trexate, etoposide, and cyclophosphamide in the treatment of anaplastic small cell
lung cancer. Methotrexate induces interstitial pneumonitis, and when associated
with etoposide, it seems to enhance its toxicity because etoposide increases intracel-
lular levels of methotrexate. In addition, etoposide also has a pulmonary toxicity
profile, Gurjal et al. [172] report that the use of etoposide can induce subacute dys-
pnea and interstitial infiltrates. Dajczman et al. [171] show that pulmonary toxicity
of etoposide can be fatal and can induce the development of pneumonitis, as well as
methotrexate.
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Table 2.4 Drugs used for the treatment of lung cancer that induces lung toxicity

Drugs Pulmonary toxicity Reference
Docetaxel plus ifosfamide Interstitial pneumonitis [163]
Gefitinib Acute pneumonitis [148, 161]

Diffuse alveolar damage
Diffuse alveolar hemorrhage
Pulmonary fibrosis

Doxorubicin Dyspnea [148, 164]
Organizing pneumonia

Gemcitabine Dyspnea [165-168]
Bronchospasm

Pulmonary edema
Diffuse alveolar damage
Alveolar hemorrhage

Erlotinib Interstitial pneumonia [162]
Methotrexate Pneumonitis [169]
Methotrexate, etoposide plus Pneumonitis [170]
cyclophosphamide
Etoposide Anaphylaxis [171-173]

Angioedema

Chest discomfort

Bronchospasm

Pneumonitis

Acute lung injury

Diffuse alveolar damage
Fibrin membrane formation
Alveolar wall edema

2.3.3 Toxicity in the Treatment of Colorectal Cancer

Although antineoplastic chemotherapy has a good response for the treatment of
colorectal cancer, the treatment can still induce severe toxicity [176, 177].
Chemotherapy-related toxicity for the treatment of colorectal cancer appears to be
related to the development of neutropenia, thrombopenia, anemia, diarrhea, nausea/
vomiting, mucositis, hand-foot syndrome, and peripheral neuropathy [178-180].
Chemotherapy treatment for colorectal cancer is mainly based on the association of
drugs such as 5-fluorouracil, oxaliplatin, irinotecan, and leucovorin [176, 179, 181].
Cavalcanti et al. [131] reported the case of a patient who developed hepatotoxicity
after treatment with a combination of oxaliplatin and irinotecan, with the appear-
ance of liver nodules and worsening of the patient’s clinical situation.

The use of 5-fluorouracil in the treatment of colorectal cancer, when adminis-
tered as a bolus, results in hematological toxicity, such as neutropenia, and non-
hematological toxicity, such as diarrhea and mucositis. When administered as an
infusion, 5-fluorouracil can result in cases of hand-foot syndrome [182]. Irinotecan
induces severe diarrhea and when combined with 5-fluorouracil results in high rates
of severe diarrhea [183—185]. Goldberg et al. [186] and Saltz et al. [187] highlight
that the association of 5-fluorouracil and irinotecan increases severe toxicity and
treatment-related deaths.
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The use of oxaliplatin is common in the treatment of colorectal cancer, but it has
transient sensorineural toxicity, developing paresthesia due to cold sensitivity, and
can also result in dose-dependent chronic peripheral sensory neuropathy [188].
Depending on the combination of drugs used, the toxicity profile changes; in the
case of the combination 5-fluorouracil and leucovorin, there is a predominance in
cases of vomiting, diarrhea, and neutropenia, while in the combination of oxalipla-
tin, leucovorin, and 5-fluorouracil, the prevalence is of cases of neutropenia, neuro-
toxicity, and diarrhea [182, 189]. Regarding the irinotecan, leucovorin, and
5-fluorouracil protocol, the prevalence is of cases of neutropenia, diarrhea, nausea,
and vomiting, whereas the administration of capecitabine alone led to the develop-
ment of diarrhea, neutropenia, nausea, and vomiting [182, 190, 191].

2.3.4 Toxicity in the Treatment of Prostate Cancer

Prostate cancer depends on hormones for its development, as cancer cells have hormone
receptors, so their treatment is mainly based on the use of oral hormone therapy.
Despite this, some chemotherapy protocols are effective for prostate cancer, but they
are not free from toxic effects [192-196]. Behrens, Gulley, and Dahut [197] observed
that the treatment of prostate cancer with docetaxel and thalidomide can induce pulmo-
nary toxicity. Pulmonary toxicity of docetaxel and thalidomide can present from symp-
tomatic effusions, dyspnea, interstitial lung disease, and pulmonary embolism [197].

Kellokumpu-Lehtinen et al. [198] evaluated toxicity in prostate cancer patients
who had received docetaxel plus hormone after radical radiotherapy. After analyz-
ing the results, the authors observed the induction of grade 3 or 4 adverse events,
mainly due to bone marrow toxicity, such as neutropenia (72%), febrile neutropenia
(24%), neutropenic infection (10%), and infection without neutropenia (4%). Some
patients also presented anorexia, diarrhea, mucositis, nausea, pain, and fatigue, in
addition to more severe toxicity such as pulmonary embolism and renal failure.

Terada et al. [199] evaluated the toxicity of cabazitaxel for the treatment of pros-
tate cancer in Japanese patients. The authors observed that patients who used caba-
zitaxel presented neutropenia (45%), febrile neutropenia (25%), malaise (16%),
nausea (14%), diarrhea (11%), thrombocytopenia (8%), and pneumonia (4%).

Scott et al. [200] evaluated the efficacy of treating advanced prostatic carcinoma
with cyclophosphamide or 5-fluorouracil, where patients had minimal toxicity, with
the development of leukopenia, nausea, and vomiting. Another drug tested for the
treatment of prostate cancer was mitoxantrone. Tannock et al. [201] evaluated the
use of mitoxantrone combined with prednisone for the treatment of prostate cancer,
where despite being effective, it showed five episodes of cardiac toxicity.

Hudes et al. [202], in a phase II study, observed the use of estramustine and vin-
blastine in hormone-refractory prostate cancer, where they observed the develop-
ment of leukopenia, anemia, nausea, vomiting, edema, fatigue, breast tenderness,
paresthesias as treatment toxicity, cardiovascular toxicity, anorexia, indigestion,
constipation, and leg cramps. In another phase II study, Hudes et al. [203] evaluated
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the association of paclitaxel plus estramustine in hormone-refractory metastatic
prostate cancer, where the combination led to the development of mainly the toxic
effects of nausea (33%), fluid retention (33%), and fatigue (24.2%).

The use of estramustine was also evaluated by Pienta et al. [204], this time asso-
ciated with etoposide in the treatment of hormone-refractory prostate adenocarci-
noma. The authors observed that this combination led to the development of toxicity
such as alopecia (100%), leukopenia (57%), anemia (55%), edema (48%), and
thrombocytopenia (36%), among others. Savarese et al. [205] evaluated the combi-
nation of docetaxel, estramustine, and hydrocortisone in hormone-refractory pros-
tate cancer, with predominant toxicity being neutropenia (26%) and granulocytopenia
(30%), in addition to milder reactions such as malaise/fatigue, peripheral edema,
and hyperglycemia.

Sella et al. [206], in a phase II study, evaluated the use of ketoconazole combined
with doxorubicin in patients with androgen-independent prostate cancer. The toxic-
ity profile of this combination included stomatitis and acral erythema (29%), neu-
tropenia (29%), and anal and urethral mucositis (13%), in addition to more severe
reactions such as hypokalemia (39%) and adrenal insufficiency (63%).

2.3.5 Toxicity in the Treatment of Cervical Cancer

The main treatment modalities for cervical cancer are radiotherapy and chemother-
apy, but their toxicity rates have been a concern, especially with the combination of
the two modalities [7, 207-210]. Cisplatin is a widely used drug for the treatment of
cervical cancer [211, 212]; with this in mind, Tan and Zahra [213] evaluated the
combination of cisplatin with radiotherapy. Although the combination has benefits
in improving patient survival, the association showed severe late toxicity, such as
urinary and intestinal complications.

Tan et al. [214] evaluated the toxicity of chemoradiotherapy in the treatment of
cervical cancer. The patients had received cisplatin associated with radiotherapy,
where the observed toxicity of the treatment was diarrhea (80.6%), malaise (66.7%),
and nausea (62.5%), in addition to hematological toxicity, anemia, thrombocytope-
nia, and neutropenia. Coronel et al. [215] evaluated the activity of oral cisplatin and
vinorelbine as radiosensitizers for the treatment of cervical cancer, where the asso-
ciation of drugs with radiotherapy had grade 2 and 3 lymphopenias as the most
frequent toxicity.

Wang et al. [216] evaluated the combination of cisplatin plus radiotherapy or
cisplatin plus gemcitabine plus radiotherapy in the treatment of advanced cervical
cancer. As for the toxicity profiles, the authors emphasize that the combination of
cisplatin plus gemcitabine and radiotherapy led to the development of neutropenia
and thrombocytopenia.

Kong et al. [217] evaluated the use of chemoradiation with weekly cisplatin com-
pared to cisplatin plus monthly 5-fluorouracil. As for toxicity, the authors demon-
strate that monthly chemoradiation had a higher toxicity profile, inducing anemia,
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leukopenia, thrombocytopenia, diarrhea, nausea, vomiting, and small bowel
obstruction.

Aratjo et al. [218] analyzed the toxicity of chemotherapy in cervical cancer. The
authors observed that the most used chemotherapy protocols were cisplatin mono-
therapy, paclitaxel plus carboplatin, cisplatin plus paclitaxel, and carboplatin, cis-
platin plus paclitaxel. As for the toxicity profile, the authors report that cisplatin is
related to the development of leukopenia and that it increases the risks of thrombo-
cytopenia in the protocols. The authors also noted that the combination of cisplatin
and paclitaxel appears to increase the chances of developing nephrotoxicity and
hepatotoxicity.

2.3.6 Toxicity in the Treatment of Head and Neck Cancer

Like cervical cancer, the treatment of head and neck cancer is based on the associa-
tion of radiotherapy and chemotherapy modalities [219, 220]. The combination of
the two modalities can lead to the development of systemic toxicities or local reac-
tions, where mucositis is one of the main adverse reactions in the treatment of head
and neck cancer [221-223].

Hu et al. [224] compared the treatment of head and neck cancer with the use of
cisplatin versus cetuximab combined with radiotherapy. Side effects observed in
both protocols showed that the effects of the combination of cisplatin and radio-
therapy were more frequent than the combination of cetuximab and radiotherapy.
Patients had cases of neutropenia, anemia, thrombocytopenia, mucositis, and radia-
tion dermatitis, these being the most frequent reactions.

Albers et al. [225] studied the efficacy and toxicity of the combination of
docetaxel, 5-fluorouracil, and cisplatin for the treatment of head and neck cancer.
Among the adverse events of treatment, the most common were leucopenia (58%),
anemia (51%), hepatotoxicity (53%), and nausea (27%). Posner et al. [226] com-
pared the combination of cisplatin and 5-fluorouracil alone or with docetaxel in the
treatment of head and neck cancer, showing that treatment with docetaxel plus cis-
platin and 5-fluorouracil induced the development of febrile neutropenia and neu-
tropenia, while patients who made use of the docetaxel and 5-fluorouracil protocol
had their chemotherapy more frequently delayed due to the development of hema-
tological adverse effects. Vermorken et al. [227] also compared the benefits of che-
motherapy with cisplatin, 5-fluorouracil, and docetaxel in unresectable head and
neck cancer, showing that this protocol induced the development of leukopenia and
neutropenia, while the group receiving docetaxel and 5-fluorouracil had thrombocy-
topenia, nausea, vomiting, stomatitis, and hearing loss.

Qian et al. [228] evaluated the use of a combination taxane (docetaxel and pacli-
taxel), cisplatin, and 5-fluorouracil in the treatment of advanced head and neck can-
cer, showing that the toxicity of this protocol is related to cases of febrile neutropenia,
alopecia, diarrhea, and leukopenia.



References 41
2.3.7 Toxicity in the Treatment of Lymphomas

Understanding the toxicity profiles of treatment for lymphomas is important;
because of their chronic toxicity, many patients can achieve a cure and still later
develop toxicity to the treatment [229, 230]. Two protocols widely used in the treat-
ment of lymphomas are ABVD (doxorubicin, bleomycin, vinblastine, and dacarba-
zine) and R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, and
prednisone), where both seem to induce cardiotoxicity, probably due to the presence
of doxorubicin in the protocols [229, 231, 232].

Limat et al. [231] evaluated the incidence and risk factors of cardiotoxicity in the
treatment of aggressive non-Hodgkin’s lymphoma in patients using the CHOP/R--
CHOP protocol. The authors confirmed the influence of the cardiotoxic effect of the
R-CHOP protocol. Hershman et al. [233] demonstrate in their study that the admin-
istration of doxorubicin is a cardiac risk factor in elderly patients with diffuse B-cell
non-Hodgkin’s lymphoma, where the inclusion of doxorubicin in the treatment of
these patients was associated with a 29% increase in the risk of congestive heart
failure. Herbrecht et al. [234] compared the protocol containing pixantrone
(R-CPOP) with the R-CHOP containing doxorubicin in the treatment of diffuse
large B-cell lymphoma. Replacing doxorubicin with pixantrone reduced cardiotox-
icity with a reduction in ejection fraction and troponin-T.

Swerdlow et al. [232] assessed the risk of mortality from myocardial infarction
related to the treatment of Hodgkin’s lymphoma. The risk of cardiotoxicity was
increased in patients who were treated with radiotherapy, anthracyclines, or vincris-
tine, being particularly high in patients who received doxorubicin, bleomycin, vin-
blastine, and dacarbazine. As for the chronic effect of cardiotoxicity, this was related
to patients after 20 years or more who used it as the first treatment with radiotherapy
and vincristine.

In addition to cardiotoxicity, the treatment of lymphomas can induce the devel-
opment of other cancers. Hodgson [229] reports in his study that treatment for lym-
phomas can induce the development of breast, lung, and leukemia cancers. The use
of alkylating agents (mechlorethamine and procarbazine) can induce the develop-
ment of leukemia and lung cancer [235-237]. Van Leeuwen et al. [237] report that
the cumulative dose of alkylating agents such as mechlorethamine and procarbazine
increased the risk of developing leukemia in patients with Hodgkin’s lymphoma
eightfold.
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Chapter 3
Importance of the Infusion Order
in the Treatment of Cancer

3.1 Drug Infusion Therapy

Infusion therapy is defined as medication or fluids which are administered through
a needle or catheter. It is a form of drug administration that often cannot be admin-
istered orally [1, 2]. In infusion therapy, drugs are usually given intravenously, but
they can also be given epidurally, intramuscularly, or subcutaneously [3-5].
Figure 3.1 shows some drug administration routes.

Some drugs are not stable when administered orally and may lose their effective-
ness due to exposure to the digestive system. Thus, some drugs have to be adminis-
tered by another route, which is usually the route of choice is intravenous [4, 6, 7].
The intravenous route has the advantage of quickly obtaining effects, as the drug
will not need to be absorbed, as it is already inserted into the bloodstream. Some
classes of drugs administered by infusion include antibiotics, antiemetics, antifun-
gals, antivirals, and chemotherapeutics, among others [7-9].

An advantage of infusion therapy over oncology is the possibility of administer-
ing large volumes in slow infusion, allowing controlled drug dosage, as well as
allowing the administration of irritating substances [4, 10]. Many of the anticancer
agents are given by infusion, allowing the drug to be delivered directly into the
bloodstream. As this is generally a therapy that combines several drugs, administra-
tion by infusion also allows the patient to receive the medication in the same access,
without having to obtain another venous access [11, 12].
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Intramuscular
= Subcutaneous

Intravenous

Fig. 3.1 Drug administration routes. Source: Created with BioRender.com

3.1.1 Types of Infusion According to Administration Time

Drug infusion can be classified according to the time of drug administration
(Fig. 3.2). Bolus infusion is related to the application of the drug directly into the
patient’s bloodstream in less than or equal to 1 min. The administration in bolus
allows a rapid increase in the concentration of the drug in the blood, and it can be
carried out intravenously, intramuscularly, subcutaneously, or intrarectally [13—16].

Some classes of chemotherapy drugs that are commonly administered in bolus,
according to the study by Lokich and Anderson [14], and include antimetabolites,
alkylating agents, plant alkaloids, platinum analogues, and cytotoxic antibiotics.
The authors noted that the administration of antimetabolites generally decreases the
dose intensity and the maximum tolerated dose, except for 5-fluorouracil. Carlson
and Sikic [17] point out that bolus administration can induce chemotherapy toxicity
compared to continuous infusion and may reduce bleomycin pulmonary toxicity,
doxorubicin cardiac toxicity, and 5-fluorouracil myelosuppression.

Another form of infusion is rapid infusion, which is related to administering the
drug for 1-30 min [13, 18, 19]. Some drugs are administered in rapid infusion
because they are well tolerated and are safe during infusion [20]. Sehn et al. [21]
evaluated the administration of rituximab by rapid infusion in combination with
chemotherapy, where the authors observed that the rapid infusion of rituximab did
not increase its toxicity, being safe during its administration. Zhao et al. [22] also
evaluated the safety and efficacy of rapid infusion of rituximab combined with che-
motherapy in patients with non-Hodgkin’s lymphoma, showing the safety of rapid
administration without increased infusion reactions, with overall survival rates of
93.1% and progression-free survival of 81.1% in 3 years.

Segeren et al. [23] evaluated the administration of vincristine, doxorubicin, and
dexamethasone in rapid infusion in the treatment of multiple myeloma. The authors
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Types of Intravenous Infusion Infusion time

Bolus infusion Less than or equal to 1 minute
Rapid infusion 1 to 30 minutes

Continuous infusion Greater than 60 minutes

Fig. 3.2 Main types of intravenous infusion used in antineoplastic chemotherapy. Source [13]

observed that administration of the protocol by rapid infusion promoted a partial
response in 86% of patients and a complete response in 5%, with a response rate of
67%. Furthermore, developed toxicity was acceptable, with mild neurotoxicity in
18% and fever or infections in 27% of patients.

Despite the tolerable toxic profile, presented by Segeren et al. [23] regarding the
rapid infusion of chemotherapeutic agents, in some cases, the rapid infusion of a
certain antineoplastic agent can increase its toxic profile. Shapira et al. [24] com-
pared rapid infusion with continuous infusion of doxorubicin. The authors observed
that the slow infusion of doxorubicin for 6 h reduced the cardiotoxicity of this drug.
Continuous infusion of various antineoplastics such as bleomycin, cytosine arabi-
noside, and doxorubicin appears to show an apparent improvement in the therapeu-
tic index [25-27].

Poorter et al. [28] evaluated the administration of 5-fluorouracil and fluorode-
oxyuridine by continuous infusion, showing it to be feasible, but the results of
response rate and survival, from the survey carried out by the authors, were disap-
pointing. In another study, Kollmannsberger et al. [29] evaluated the administration
of 5-fluorouracil by continuous infusion combined with paclitaxel, cisplatin, and
folinic acid. The results were positive, showing that the continuous infusion of these
antineoplastics seemed to be highly active in the treatment of advanced gastric can-
cer, with acceptable general toxicity, allowing its use in the palliative setting, and it
can also be indicated for neoadjuvant or adjuvant treatment.

Georgiadis et al. [30] showed the benefits of continuous 96-h paclitaxel infusion
combined with cisplatin in the treatment of advanced lung cancer. The results
showed a median time to progression of 5 months and median survival duration of
10 months, being a well-tolerated and active protocol in patients with lung cancer.

Ortega et al. [31] compared the cisplatin, vincristine, and 5-fluorouracil protocol
with the cisplatin and doxorubicin protocol in continuous infusion in the treatment
of pediatric hepatoblastoma. The authors observed that both protocols were similar,
with excellent results achieved in stage I and II patients, as well as for subsets of
stage III patients.

Fabricio et al. [15] evaluated the use of the cisplatin, 5-fluorouracil, and leucovo-
rin protocol in the treatment of advanced head and neck and esophageal carcinomas.
5-Fluorouracil and leucovorin were administered by bolus infusion, while cisplatin
was by continuous infusion over 90 min. The results showed an overall response
rate of 36%, mean overall survival of 6 months, and progression-free survival of 3
months, in addition to the protocol presenting tolerable toxicity and a favorable
impact on the quality of life.
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3.2 Dilution of Drugs and Their Stability

Some drugs to be administered intravenously need to be reconstituted because they
are in powder form [32-35]. Reconstitution consists of returning the drug to its
original liquid form, requiring the addition of diluents such as sterile water, 0.9%
sodium chloride, or 5% glucose, following the manufacturer’s instructions, as the
proper choice of diluent may interfere in drug stability, where some are incompati-
ble with a particular diluent [34-36]. In Table 3.1, we include the main anticancer
agents that need to be reconstituted, as well as their diluents and their stability.
After reconstitution, for the drug to be administered intravenously, it is necessary
to dilute it in serum bags [33, 52]. The dilution aims to change the concentration of
the drug that is already in liquid form, which can be a solution, suspension, or

Table 3.1 Anticancer drugs that need to be reconstituted, their diluents, and their stability after

reconstitution

Drug Diluent Stability Reference
Brentuximab Water for injection 24 h at a temperature of 2-8 °C [37]
vedotin
Bleomycin 0.9% sodium chloride | 24 h at a temperature between 2 [38]
and 8 °C and 12 h at room
temperature
Cisplatin Water for injection 20 h at room temperature [39]
Cyclophosphamide | Water for injection or Up to 6 days at a temperature of [40]
0.9% sodium chloride 2-8 °C and 24 h at room
temperature
Dacarbazine Water for injection 36 h at a temperature between 2 [41]
and 8 °C and 8 h at room
temperature
Doxorubicin Water for injection 15 days at a temperature between 2 | [42]
and 8 °C and 7 days at room
temperature
Epirubicin Water for injection 24 h at a temperature between 2 to | [43]
8 °C
Fludarabine Water for injection 8 h at room temperature [44]
Ganciclovir Water for injection 12 h at room temperature [45]
Gemcitabine 0.9% sodium chloride 24 h at room temperature [46]
Ifosfamide Water for injection or 24 h at a temperature between 2 [47]
bacteriostatic water and 8 °C
Mitomycin Water for injection 14 days at a temperature between 2 | [48]
and 8 °C and 7 days at room
temperature
Oxaliplatin Water for injection or 24-48 h at a temperature between 2 | [49]
5% dextrose and 8 °C
Trastuzumab Water for injection 48 h at room temperature [50]
Trastuzumab Water for injection 48 h at a temperature between 2 [51]
emtansine and 8 °C

Source: Research data
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reconstituted powder. The diluents used can be saline (0.9% sodium chloride), glu-
cose (5% glucose), and ringer lactate, among others [33, 53, 54]. Table 3.2 shows
some anticancer agents and their main diluents.

Some anticancer drugs may be incompatible with a particular diluent, being one
of the critical points in the manipulation of chemotherapy, which may impair their
activity, as well as prevent the exact dosage of the drug and influence the formula-
tion’s appearance. It is important to know the incompatibility of the drug to design
solutions that help cancer therapy, such as the replacement of the diluent [12, 73-75].

Table 3.2 Main anticancer agents and their diluents

Drug Dosage forms Diluent Reference
Brentuximab 50 mg 0.9% sodium chloride, 5% dextrose, and [37]
vedotin lactated ringer
Bevacizumab 100 mg/4 mL or | 0.9% sodium chloride [55]
400 mg/10 mL
Bleomycin 15 units 0.9% sodium chloride [38]
Calcium folinate 10 mg/mL or 20 | 0.9% sodium chloride or 5% dextrose [56]
mg/mL
Carboplatin 50 mg/5 mL 5% dextrose [57]
150 mg/15 mL
450 mg/45 mL
600 mg/60 mL
Cetuximab 2 mg/mL 0.9% sodium chloride [58]
Cyclophosphamide | 200 mg or 5% dextrose or 5% dextrose and 0.9% [40]
1000 mg sodium chloride
Cisplatin 1 mg/mL 0.9% sodium chloride [59]
Dacarbazine 600 mg 0.9% sodium chloride or 5% dextrose [41]
Docetaxel 20 mg/2 mL 0.9% sodium chloride or 5% dextrose [60]
80 mg/8 mL
160 mg/16 mL
Doxorubicin 10 mg, 20 mg or | 0.9% sodium chloride or 5% dextrose [42]
50 mg
Epirubicin 50 mg/25 mL 0.9% sodium chloride or 5% dextrose [43]
200 mg/100 mL
Etoposide 100 mg/5 mL 0.9% sodium chloride or 5% dextrose [61]
Fludarabine 50 mg 0.9% sodium chloride or 5% dextrose [44]
Fluorouracil 2.5g/50 mL 0.9% sodium chloride or 5% dextrose [62]
Gemcitabine 200 mgorlg 0.9% sodium chloride [46]
Ifosfamide lgor3g 0.9% sodium chloride, 5% dextrose, and [47]
lactated ringer
Ipilimumab 50 mg/10 mL 0.9% sodium chloride or 5% dextrose [63]
200 mg/40 mL
Irinotecan 40 mg/2 mL 5% dextrose (preferred) or 0.9% sodium [64]
100 mg/5 mL chloride
300 mg/15 mL

(continued)
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Table 3.2 (continued)

Drug Dosage forms Diluent Reference
Mesna 100 mg/mL 0.9% sodium chloride, 5% dextrose, [65]
lactated ringer or 5% dextrose, and 0.9%
sodium chloride
Methotrexate 50 mg/2 mL 0.9% sodium chloride or 5% dextrose [66]
100 mg/4 mL
200 mg/8 mL
250 mg/10 mL
1 g/40 mL
Mitomycin 5mg 0.9% sodium chloride or 5% dextrose [48]
Oxaliplatin 50 mg or 100 mg | 5% dextrose [49]
Paclitaxel 30 mg/5 mL 0.9% sodium chloride, 5% dextrose or 5% | [67]
100 mg/16.7 mL | dextrose, and 0.9% sodium chloride
300 mg/50 mL
Rituximab 100 mg/10 mL 0.9% sodium chloride or 5% dextrose [68]
500 mg/50 mL
Tocilizumab 20 mg/mL 0.9% sodium chloride [69]
Trastuzumab 440 mg 0.9% sodium chloride [50]
Trastuzumab 100 mg or 0.9% sodium chloride [51]
emtansine 160 mg
Vinblastine 1 mg/mL 0.9% sodium chloride [70]
Vincristine 1 mg/1 mL 0.9% sodium chloride [71]
2 mg/2 mL
Vinorelbine 10 mg/1 mL 0.9% sodium chloride, 5% dextrose, [72]
50 mg/5 mL lactated ringer, or 5% dextrose and 0.9%
sodium chloride

Source: Research data

The incompatibility can induce the reduction of the drug’s activity or inactiva-
tion, as well as can induce the formation of a new compound with toxic activity. In
addition, organoleptic changes and precipitation formation may occur. These prob-
lems related to incompatibility must be evaluated mainly between drugs that will be
administered in the same infusion bag or the same access route [12, 76-78].

A classic example of incompatibility in oncology is related to oxaliplatin.
Oxaliplatin is a platinum compound used in the treatment of colorectal cancer in
combination with other drugs such as irinotecan and 5-fluorouracil [79-81]. This
drug is incompatible in sodium chloride solution, inducing its precipitation and deg-
radation with the formation of oxalate, so it should be indicated that oxaliplatin is
diluted in glucose serum and that all drugs present in the protocol are diluted in
glycosylated serum to avoid its conversion [82—-84]. Jerremalm et al. [82] evaluated
the cytotoxicity of the complex obtained after oxaliplatin degradation in the pres-
ence of chloride. The results showed that the monochloro monooxalate complex did
not show the same cytotoxic effect as oxaliplatin, highlighting that this degradation
can reduce the drug’s efficacy.
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Li and Koda [85] verified the stability of irinotecan after reconstitution in a phos-
phate buffer solution (pH 4.0, 6.0, and 7.4), 5% dextrose, and 0.9% sodium chlo-
ride. The authors managed to relate the rate of degradation of irinotecan according
to temperature and pH, showing that the extent of hydrolysis of this drug increases
with pH, converting it into its carboxylate form, being reversible. Thus, among the
vehicles, reconstitution with 5% dextrose is more suitable, as it can maintain the
stability of the drug before administration.

Another study also proposes the evaluation of the stability of irinotecan, this time
administered concomitantly with 5-fluorouracil. Tan and Hu [86] observed that
simultaneous infusions of irinotecan diluted in 0.9% sodium chloride and
5-fluorouracil in the same intravenous route can induce drug precipitation and color
change to yellow, indicating possible drug degradation.

Another drug that undergoes degradation in the presence of sodium chloride is
carboplatin, where, through a hydrolysis process, it can be converted into cisplatin
[87, 88]. Myers et al. [89] performed a stability study of carboplatin diluted in 0.9%
sodium chloride. The authors noted that carboplatin appears to be stable for 24 h at
room temperature or 3 days under refrigeration.

3.3 Risks of Chemotherapy Infusion

During the intravenous administration of anticancer chemotherapy, it is important to
check the venous permeability, flow, and reflux with saline solution and assess the
conditions of the insertion site [90, 91]. The professional nurse responsible for
administering these medications must be aware of the risks to which the patient may
be exposed, such as cases of infection, extravasation, phlebitis, and falls [92-94].

The professional nurse may also be exposed due to the characteristics of the
antineoplastic agent that can form aerosols and induce the development of acute or
chronic adverse reactions, which will depend on the concentration of drug to which
the professional was exposed [95, 96].

All professionals working in the chemotherapy sector must know the risks that
anticancer drugs can induce after occupational exposure and know what biosafety
procedures are necessary to protect these professionals [97, 98]. Antineoplastics, as
they are highly cytotoxic, can cause cell damage in normal cells and thus induce
toxic effects, which will depend on the route of exposure to which the patient was
exposed, which may be through contact with the skin and mucous membranes, as
well as through inhalation of aerosols [99-101]. Table 3.3 shows some acute and
chronic side effects that professionals exposed to chemotherapy may experience.

As for biosafety care to reduce the risk of exposure to antineoplastic drugs, it is
recommended that the professional nurse during drug administration use personal
protective equipment, which includes waterproof aprons, latex gloves, activated
charcoal masks, among others, during administration of antineoplastics. In
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Table 3.3 Acute and chronic Acute effects Chronic effects
side effects after exposure - - -
. Allergic reactions Infertility

of professionals —= - -

to antineoplastic agents Irritation eye Miscarriages
Nausea Stillbirths
Vomiting Ectopic pregnancy
Syncope Fetal birth defects
Diarrhea Cancer
Constipation Menstrual dysfunctions
Cough Mutagenicity
Headache

Source: [95, 96]

addition, the nurse needs to assess the patient’s venous access, to avoid cases of
extravasation of antineoplastic agents [96, 102—104].

3.3.1 Drug Extravasation

The term extravasation is used in cases where a drug-infused intravenously, which
is a vesicant or irritant, leaks into the extravascular space [105-107]. Extravasation
is different from the term infiltration, as infiltration occurs with medications that are
neither vesicant nor irritant [102, 108]. Early signs of extravasation include persis-
tent pain, burning, swelling, and whitening or erythema in the area where the drug
was infused [106, 108].

Because some drugs have vesicant and irritating characteristics, they cause tissue
damage and may cause necrosis, blister formation, and ulceration [102, 108]. There
is no exact incidence of extravasation cases, but it is estimated that it occurs in 0.1
to 6% during the administration of vesicant and antineoplastic drugs [102, 104,
105, 109].

Risk factors that contribute to cases of extravasation include the quality of the
infusion equipment used, which allows venous access to the patient for infusion of
the medication [93, 108, 110, 111]. Factors may also be patient-related, such as
predisposition to infiltrating lesions [106]. In addition, the pharmacological charac-
teristics of the drug can favor its extravasation, such as pH, osmolality, vasoactivity,
and cytotoxicity of the infusate; an example is drugs that irritate the veins, inducing
an inflammatory response of the endothelial cells, thus allowing the drug to leak of
the vein [108, 110].

Many anticancer drugs have a vesicant and/or irritant characteristic, and the fact
that many are used in combination for the treatment of cancer can be infused in the
same access route, and this can lead to compromise of the patient’s vein and increase
the probability of extravasation [102, 106, 112].
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3.3.1.1 Irritating Antineoplastics

Antineoplastic drugs can be classified according to their potential for local derma-
tological toxicity into irritants, vesicants, and non-vesicants [108, 113]. Irritating
drugs cause a local inflammatory response inducing phlebitis, with pain, heat, and
erythema, with rare cases in the development of necrosis or ulcerations [110, 114—
116]. When the extravasation of these drugs occurs, they cause a burning sensation
on the skin, and when in large concentrations, it can cause ulceration in soft tissue.
Inflammation-induced by the extravasation of irritating drugs is usually self-limiting
and is not related to long-term sequelae [106, 115, 117, 118]. Some irritating anti-
neoplastic drugs are listed in Table 3.4.

The clinical manifestations observed in patients who have suffered from extrava-
sation of irritating drugs include discomfort or burning sensation, redness, edema,
heat, and local hyperalgesia. The presence of edema at the drug infusion site may be
an indication of extravasation, with local hypersensitivity reactions or vasospasm
and phlebitis (Fig. 3.3). Another common manifestation is hyperpigmentation and
cutaneous sclerosis in the venous path [110, 120, 121].

Table 3.4 Anticancer

Nt Therapeutic class Drugs
drugs that are irritating

Alkylating agents Busulfan
Carmustine
Cyclophosphamide
Dacarbazine
Ifosfamide
Melphalan
Thiotepa
Antimetabolites Cladribine
5-Fluorouracil
Gemcitabine

Cytotoxic antibiotics Daunorubicin (liposomal)
Doxorubicin (liposomal)
Streptozocin

Platinum compounds Carboplatin

Cisplatin

Oxaliplatin

Vegetable derivatives Docetaxel

Etoposide

Irinotecan

Teniposide

Topotecan

Others Trastuzumab
Mitoxantrone

Source: [115, 119, 120]
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Fig. 3.3 Development of

phlebitis after irritant drug

extravasation. Source:
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Fig. 3.4 Degrees of tissue damage after extravasation of the vesicant drug. Source: Created with
BioRender.com

3.3.1.2 Vesicant Antineoplastics

Vesicant drugs, unlike irritants, when they overflow cause progressive damage to
the underlying tissue, inducing the formation of vesicles and ulcerations, leading to
tissue destruction. They can also injure tendons, bones, ligaments, and nerves, lead-
ing to functional impairment and severe limitations [102, 106, 122—124]. Figure 3.4
shows tissue damage caused after the extravasation of vesicant drugs.

Vesicant drugs can be classified into DNA-binders, to which they will bind to
tissue nucleic acids and induce the formation of free radicals, thereby inhibiting
protein synthesis and leading to progressive tissue destruction, causing the lesion to
become present deeper, more extensive, and painful, where the drug is retained in
the tissue for a long time (up to 28 days), increasing the lesion [102, 108, 119, 125].
Vesicant drugs that do not bind to DNA, bind to healthy tissue cells and are more
easily metabolized and neutralized, where the lesion is usually localized, with
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Therapeutic class DNA binding drugs DNA nonbinding drugs
Alkylating agents Bendamustine -
Mechlorethamine
Cytotoxic antibiotics Daunorubicin -
Doxorubicin
Epirubicin
Idarubicin
Dactinomycin
Mitomycin
Mitoxantrone
Platinum compounds Cisplatin -
Vegetable derivatives - Vinblastine
Vincristine
Vindesine
Vinorelbine
Paclitaxel
Docetaxel
Cabazitaxel
Others Amsacrine -
Trabectedin
Source: [115, 119, 120]
Table 3.6 Non-vesicant antineoplastic drugs
Therapeutic class Drugs
Alkylating agents Cyclophosphamide
Antimetabolites Cytarabine
Fludarabine
Gemcitabine
Methotrexate
Raltitrexed
Cytotoxic antibiotics Bleomycin
Vegetable derivatives Cabazitaxel
Paclitaxel Albumin
Others Aldesleukin
Asparaginase
Bortezomib
Interferon
Pemetrexed
Arsenic trioxide
Monoclonal antibodies

Source: [119]

moderate pain, improving over time [102, 108, 119]. Table 3.5 shows some antican-
cer drugs that are vesicants.

Non-vesicant drugs, unlike other classes, if extravasated, will rarely produce
acute reactions or tissue necrosis. They are inert or neutral compounds that do not
cause inflammation and ulceration, but tend to cause pain at the injection site,
around and along the vein [102, 106]. In Table 3.6 we highlight the non-vesicant
antineoplastics.
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3.4 Concept and Importance of Infusion Order

Defining the order of infusion of the drug allows for planning the therapeutic regi-
mens and thus optimizing the effect of chemotherapy [126, 127]. The sequence of
administration of chemotherapeutic agents is important because it can avoid drug
interaction due to possible incompatibilities regarding the dilution in serum of 5%
dextrose or 0.9% sodium chloride. Another point that can also be avoided, depend-
ing on the order of drug infusion, is the protocol’s toxicity profile, as it can also
reduce the risk of extravasation due to the dermatological toxicity of each drug
inserted in the protocol [128-130].

The infusion sequence of antineoplastic agents can directly impact the patient’s
response to treatment, as well as their safety and toxicological profile [127, 131].
Drug interactions can contribute to the therapeutic effect of a given drug as well as
delay or inactivate its pharmacological activity [127, 132]. A classic example is the
interaction of leucovorin with 5-fluorouracil, where leucovorin when administered
before 5-fluorouracil potentiates the therapeutic effect of 5-fluorouracil [133, 134].
On the other hand, when we combine calcium folinate with methotrexate, calcium
folinate inhibits the cytotoxic effect of methotrexate, thereby reducing its therapeu-
tic effectiveness [135-137].

When defining a therapeutic protocol, it is important to carry out a study of pos-
sible drug interactions that allows choosing the best order of drug administration
during therapy, as the inappropriate infusion order can compromise the treatment of
the patient with cancer. The knowledge of possible drug interactions is important in
optimizing the dose of the antineoplastic agent in combination therapy [138—141].

When a specific cycle drug is administered before an unspecific cycle drug, it is
believed that maximization of the effects on cells at a high rate of cell division will
occur [127, 142]. Another important point is when administering vesicant drugs
first, as over time vascular integrity decreases, and it is more advantageous to
administer vesicant drugs when the vein is more stable to avoid vascular disruption
and drug extravasation [104, 127, 143].

3.4.1 Factors That May Influence in the Order of Infusion
of Antineoplastic Agents

Most therapeutic protocols for the treatment of cancer are based on the combination
of anticancer drugs, with different mechanisms of action, but when combined, they
potentiate the anticancer effect, being cytotoxic to a greater number of cells com-
pared to monotherapy [144-146]. A chemotherapy protocol can present the associa-
tion of two or more drugs, which will be administered in sequence on the same day
[73, 147, 148].

Antineoplastic drugs will present drug interactions with synergistic or summa-
tive effects, regarding their therapeutic effect, as well as potentiating toxic effects
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Table 3.7 Factors that influence the order of infusion of anticancer drugs

Factors Influence Reference

Incompatibility of | When they come into contact with diluents with which they | [152, 153]
drug with diluent are incompatible, some drugs can precipitate and cause
undesirable symptoms

Vesicant or irritant | Vesicant and irritant drugs tend to be harmful to the vascular | [102, 105,
drugs wall and can compromise blood vessels, and they should be | 106]
administered as a priority at the beginning of therapy to
reduce the risk of extravasation

Drug interactions Drug interactions can contribute to increasing the therapeutic | [132,
effect of the drug, as well as contributing to reducing its 154-156]
effectiveness and increasing the toxicity of the treatment

Infusion time Infusion time can be a factor that determines the sequence of | [157, 158]
medication in therapy, and medications compatible with each
other can be administered concurrently to reduce the patient’s
length of stay in the facility

[149, 150]. The sequence of administration of antineoplastic agents can influence
the drug’s mechanism of action, contributing to drug interactions that will favor the
drug’s effect or reduce its effectiveness and increase its toxicity [127, 131, 151].

Therefore, it is essential to plan the sequence of administration of antineoplastic
agents for a better therapeutic response to the applied protocol. The study of the
pharmacokinetic and pharmacodynamic profiles of each antineoplastic agent can
provide evidence of drug interactions that may favor therapy and define the best
order of infusion of antineoplastic agents [127, 131]. In Table 3.7 are some impor-
tant factors that must be evaluated before defining the order of infusion of antineo-
plastic agents.

The order of infusion of antineoplastic agents, when well studied and planned,
favors cancer treatment, increasing the therapeutic response and benefiting the
patient by promoting a better quality of life [159, 160]. Stanford, Zondor, and
Jumper [154] found in their study that interactions related to the infusion sequence
were related to toxicity, pharmacokinetics, and efficacy. The authors emphasize that
the inadequate sequence can lead to increased toxicity, decreased efficacy, and phar-
macokinetic differences. These results presented by Stanford et al. [154] only rein-
force the importance of planning the sequence of antineoplastic agents in cancer
treatment.
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Chapter 4
Chemotherapeutic Protocols
for the Treatment of Breast Cancer

4.1 Breast Cancer: Epidemiology

Breast cancer is characterized by abnormal cells that multiply in a disorderly fash-
ion, arising from cells lining (epithelium) in the ducts or lobes of the glandular tis-
sue of the breast (Fig. 4.1) [1, 2]. There are a variety of types of breast cancer, where
depending on the type, cancer can grow fast or slow [3, 4]. Despite being a tumor
closely related to women, this cancer can also affect men, with an incidence of 1%
concerning the total number of cases of the disease [5, 6].

It is cancer that has the highest incidence in women worldwide, where according
to data from the World Health Organization (WHO) [7], 2.3 million women were
diagnosed with breast cancer and 685,000 deaths worldwide. Figure 4.2 shows the
incidence and mortality estimates for breast cancer in 2040. Some factors can
increase the risk of developing breast cancer, such as age, obesity, family history,
radiation exposure, excessive use of alcohol and tobacco, and postmenopausal hor-
mone therapy, among others, but they are not determining factors since half of the
women who develop breast cancer do not have any risk factors [6, 8].

Among the types of breast cancer, according to cell type, ductal is more preva-
lent, present in 85% of cases, and lobular in 15% [7]. Regarding the spectrum of
abnormalities in the lobules and ducts, including hyperplasia, atypical hyperplasia,
carcinoma in situ, and invasive carcinoma, infiltrating ductal carcinoma is the most
common, representing 80-90% of all cases [9, 10]. Regarding the immunohisto-
chemical classification of breast cancer, the most prevalent, according to the studies
by Acheampong et al. [11] and Pandit et al. [12], was luminal A, followed by lumi-
nal B and human epidermal growth factor receptor type 2 (HER2) positive and
triple-negative.
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Fig. 4.1 Glandular tissue
of the breast. Source:
Created with
BioRender.com

Fig. 4.2 Estimate of breast
cancer incidence and
mortality for the year 2040.
Source: Created with
BioRender.com. and data
were extracted from [7]

4.2 Pathophysiology of Breast Cancer

DNA damage and genetic mutations are some of the factors that can contribute to
the development of breast cancer. Exposure to estrogen can induce DNA damage, as
well as familial inheritance of mutations in tumor suppressor genes such as BRCAI,
BRCA2, and p53 that contribute to an increased risk of breast cancer [13—16].
Breast cancer can be classified as invasive or noninvasive, where noninvasive is
classified as lobular carcinoma in situ and ductal carcinoma in situ [17, 18]. Lobular
carcinoma in situ conforms to the contour of the normal lobule with expanded and
filled acini, while ductal carcinoma in situ is more heterogeneous and can be classi-
fied as papillary, cribriform, solid, and comedo [18-20]. The papillary and
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cribriform types are lesions, generally low-grade, and may take longer to develop
into invasive cancer, whereas the solid and comedo types are usually high-grade and
if not treated can turn into invasive cancer [2, 20, 21].

Concerning invasive cancer, it can be classified as invasive lobular or invasive
ductal cancer [22-24]. Invasive lobular carcinoma tends to permeate the breast in a
single file, while invasive ductal carcinoma tends to grow as a cohesive mass, being
easier to be detected by mammography and by palpating a smaller discrete lump in
the breast than in lobular cancers [20, 23, 25].

After its local development, breast cancer can spread through regional lymph
nodes and/or the bloodstream, affecting organs such as the lungs, liver, bones, brain,
and skin (Fig. 4.3), where most cutaneous metastases occur in the region of breast
surgery [26, 27].

There are other types of breast cancer that affect other types of breast cells, being
less common cancers. Paget’s disease initially occurs in the breast ducts and spreads
to the skin of the nipple and areola, with a prevalence of 1-3% of breast cancer
cases [2, 28-30]. Another type is angiosarcoma, which represents 1% of breast can-
cer cases, in which cancer starts in the cells lining blood or lymphatic vessels, and
may involve the breast tissue or the skin of the breast [2, 31]. There is also a phylloid
tumor, which develops in breast stromal cells, most of which are benign, but about
a quarter are malignant [2]. Papillary carcinoma is also rare, accounting for less than
3% of all breast cancer cases, presenting as finger-like projections, where cancer
cells are very small in size and form micropapillary cells [2, 32, 33].

Fig. 4.3 Breast cancer
with metastasis to the
brain, lung, bone, and liver.
Source: Created with
BioRender.com

Breast cancer \
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4.3 Molecular Subtypes of Breast Cancer

With the introduction of immunohistochemistry, it was possible to differentiate
the molecular subtypes of breast cancer. Inmunohistochemistry allows the detec-
tion of specific antigens and tissue immunophenotyping, allowing confirmation of
the diagnosis, as well as the prognostic evaluation of the patient, as well as help-
ing to choose the best therapeutic option for breast cancer [34-36]. Molecular
subtypes of breast cancer include hormone receptors and other types of proteins
involved or not involved in each cancer [37, 38]. Table 4.1 presents the breast
cancer subtypes and their differences concerning the data obtained in
immunohistochemistry.

Luminal type A cancer is the most common, generally slow-growing than
other types of breast cancer, being popularly called hormone-positive due to
the expression of positive hormone receptors for estrogen and progesterone
[39, 42]. In addition, luminal A cancers have HER2-negative receptors; this
receptor plays an important role in cell growth and repair; when a patient has a
normal amount of HER?2 protein, she will have HER2-negative breast cancer
[43, 44].

Concerning luminal B cancers, they tend to grow faster than luminal A, being
considered more aggressive, which are also positive for hormone receptors, as well
as for a higher than normal amount of HER2; thus, they are hormone receptors and
HER?2 positive [37, 45]. As for triple-negative cancers, cells do not overexpress
estrogen, progesterone, or HER2 receptors, being a more invasive cancer, starting in
the breast ducts. Finally, the HER2-positive subtypes are cancers in which there is
an overexpression of the HER2 receptor and hormone receptors are negative
[46-48].

Table 4.1 Molecular subtypes of breast cancer according to immunohistochemistry

ER PR HER2 | ki67 ck 5/6 | Aggressiveness
Luminal type A | +++ + — <15 or <20% — +
Luminal type B A+ | H - 4 >15 or >20% - +H/+++
HER?2 - - + >20% - +++
Basal-like — - — >20% + +++
Triple-negative — — — >20% +/- +++

ER estrogen receptor, PR progesterone receptor, HER2 human epidermal growth factor receptor
type 2, ck5/6 cytokeratins 5 and 6, + low, ++ medium, +++ high
Source: [39-41]
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4.4 Breast Cancer Treatment Modalities

There are several treatment modalities for breast cancer including surgery, radiation
therapy, hormone therapy, chemotherapy, and targeted therapy. The choice of thera-
peutic modality will depend on the stage of the disease, as well as on the presence
of receptors on the surface of cancer cells [49-51]. In the case of surgery, it can be
of conservation, when the tumor is in situ or after neoadjuvant therapy to reduce
tumor volume. Cancer cells that remain after surgery can be destroyed after radia-
tion to reduce the risk of cancer recurrence [51-54].

The choice of hormone therapy is related to tumors that have hormone-positive
receptors, whereas targeted therapy with trastuzumab or pertuzumab will depend on
HER?2 receptor overexpression [55-58]. In the case of patients with triple-negative
cancer, the use of systemic chemotherapy is more indicated, as well as surgery and
radiotherapy, as this type of cancer does not have specific receptors, making the use
of hormone therapy and/or targeted therapy unfeasible [59, 60].

4.5 Adjuvant Chemotherapy

Adjuvant therapy occurs when the drug is administered after a surgical procedure to
destroy cancer cells remaining from the surgical procedure or disseminated that
cannot be visualized by imaging exams [50, 61, 62]. It is also considered adjuvant
therapy when the administration is performed after radiotherapy treatment, being
less common [63, 64].

Adjuvant therapy can consist of the administration of chemotherapy, hormone
therapy, radiotherapy, immunotherapy, or targeted therapy, the choice of which will
depend on the type of tumor and its stage [49, 65, 66]. The indication for adjuvant
therapy will depend on the possibility of the patient presenting some microscopic
focus of cancer cells, which is estimated based on the clinical presentation and the
characteristics of the tumor [65, 67]. Below, we will discuss some protocols [68—70]
used for the adjuvant treatment of breast cancer and their infusion sequence
indications.

4.5.1 AC Protocol (Doxorubicin and Cyclophosphamide)

The AC protocol is based on the association of the drugs doxorubicin and cyclo-
phosphamide, being one of the most used protocols in the treatment of breast cancer
[71-73]. Doxorubicin is a cytotoxic antibiotic that belongs to the anthracycline
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class, being a drug with a vesicant characteristic [74, 75]. Doxorubicin is part of the
group of nonspecific cycle drugs and has cardiotoxicity as limiting toxicity, which
is dose-dependent and, when identified, is a factor for suspending the use of doxo-
rubicin [76-79].

On the other hand, cyclophosphamide is a nitrogen mustard that acts through
alkylation, being part of the class of alkylating agents, with an irritating character-
istic [80-82]. Cyclophosphamide is not specific to the cell cycle phase, needing to
be metabolized to its active form, which is capable of inhibiting protein synthesis
through the crosslinking of DNA and RNA [82-84]. Regarding toxic effects, the
greatest concern is with bladder and gonadal toxicity; in addition, it can cause car-
diotoxicity, pulmonary toxicity, hepatic veno-occlusive disease, and secondary neo-
plasms [82, 85-87].

As for interactions, doxorubicin may have its metabolism increased when associ-
ated with cyclophosphamide. According to the study by Dodion et al. [88] when
cyclophosphamide is administered before doxorubicin, there is an inhibition of the
reduction of 7-deoxydoxorubicin aglycone to 7-deoxydoxorubicinol aglycone by
microsomes. Doxorubicin and cyclophosphamide can alter the activities of a variety
of drug-metabolizing enzymes through multiple mechanisms which are still
unknown in humans [88, 89].

Elkiran et al. [89] evaluated the activity of enzymes responsible for drug metabo-
lism after treatment with doxorubicin and cyclophosphamide, observing an increase
in CYP1A2 activity by 20% and a decrease in CYP2C9 activity by 315% in 3 weeks
after the administration of these drugs. Therefore, the safest order of administration
for the AC protocol would be to start with doxorubicin, as it is a vesicant agent, thus
reducing the risk of extravasation and avoiding the inhibition of its metabolism by
the action of cyclophosphamide (Fig. 4.4) [90-92].

With the interaction between doxorubicin and cyclophosphamide in enzymes
responsible for drug metabolism, it can delay drug excretion and increase the toxic
profile [93-95]. Cyclophosphamide is a prodrug that needs to be metabolized in its
activated form to have its pharmacological action and has been associated with the
development of hemorrhagic cystitis [82, 96, 97]. Some studies report that the asso-
ciation between cyclophosphamide and doxorubicin increases the risk of develop-
ing hemorrhagic cystitis; another event that can also be increased is related to
cardiotoxicity [95, 96, 98—100]. It is extremely important that when prescribing the
AC protocol, doctors, nurses, and pharmacists monitor the possible toxic effects of
the protocol.

Doxorubicin - Cyclophosphamide

Fig. 4.4 AC protocol infusion sequence
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4.5.2 ACT, T-AC, or AC-T Protocol (Doxorubicin,
Cyclophosphamide, and Paclitaxel)

The ACT or AC-T protocol is similar to the AC protocol, where the difference is in
the inclusion of paclitaxel that can be administered on the same day as doxorubicin
and cyclophosphamide (ACT) or the AC-T protocol, where doxorubicin and cyclo-
phosphamide are started, being generally applied for four cycles for 2 or 3 weeks,
and after completion paclitaxel (AC-T) is started (Fig. 4.5). The scheme can also be
inverted, where the physician chooses to start paclitaxel alone first and after the end
of the cycles, AC (T-AC) is started (Fig. 4.6) [101, 102].

Paclitaxel is a natural product of the taxane class, which acts specifically in the
M phase of the cell cycle, inhibiting the formation of microtubules, preventing their
depolymerization, which is necessary for cell replication, thereby blocking cell
division [103, 104]. As for dermatological toxicity, paclitaxel has an irritating char-
acteristic [105]. Like doxorubicin and cyclophosphamide, paclitaxel is also metabo-
lized by the cytochrome P450 enzyme, in addition to having high levels of plasma
protein binding [92, 106].

Combining paclitaxel with cyclophosphamide may increase paclitaxel metabo-
lism. According to the study by Martinez et al. [107], paclitaxel is metabolized by
CYP3A4, forming its main metabolite 3’-p-hydroxypaclitaxel in colorectal cancer,
thereby giving cancer cells the ability to inactivate paclitaxel. However, cyclophos-
phamide is metabolized by the enzyme CYP3A4 in its active form, and, when inter-
acting with this enzyme, it can increase the metabolism of paclitaxel in the liver by
the enzyme CYP2CS8 [107, 108]. According to the study by Kaledin et al. [109], the
association of cyclophosphamide with paclitaxel can add its antitumor effects in

some tumors.
-[Cyclophosphamide] [Paclitaxel]

Combined therapy Monotherapy

Fig. 4.5 AC-T protocol. Initially, doxorubicin and cyclophosphamide (AC) are administered, and
after completion of the AC cycles, paclitaxel (T) is administered alone

[Paclitaxe] [Doxorubicirﬂ ) | Cyclophosphamide

| i | i |
Monotherapy Combined therapy

Fig. 4.6 T-AC protocol. Paclitaxel (T) is initially administered, and after completion of the cycles,
doxorubicin and cyclophosphamide (AC) are administered in combination therapy
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-[ CYCIophosphamide ] -

Fig. 4.7 Infusion sequence of the ACT protocol

Paclitaxel can be metabolized by the liver through the enzyme CYP2CS to form
the 6a-hydroxypaclitaxel metabolite, while metabolism through the enzyme
CYP3A4 forms two smaller metabolites, 3-p-hydroxypaclitaxel and 6a,3’-p-
dihydroxypaclitaxel [106, 110, 111]. As mentioned in the study by Martinez et al.
[107], the inhibition of the activity of the enzyme CYP3A4 induces a decrease in
the formation of the metabolite 3-p-hydroxypaclitaxel. In the case of doxorubicin,
it induces a reduction in the main metabolite of paclitaxel, which is
6a-hydroxypaclitaxel, in human liver microsomes [112]. According to Perez [113],
the association of doxorubicin with paclitaxel can induce congestive heart failure,
where paclitaxel seems to decrease doxorubicin clearance by approximately 30%
when the two drugs are administered in close succession.

Colombo et al. [114] demonstrated in their study that when paclitaxel is admin-
istered together with doxorubicin, it modifies the distribution and metabolism,
thereby increasing the levels of doxorubicin in tissues, including the heart, thus
increasing the cardiotoxicity of doxorubicin. Thus, although cyclophosphamide has
a pharmacokinetic interaction with paclitaxel, its interaction with doxorubicin is
more severe; therefore, it is preferable that cyclophosphamide be administered
between doxorubicin and paclitaxel [101, 102, 113, 115]. Due to the vesicant char-
acteristic of doxorubicin, it is preferable that it be administered first; therefore, the
most suitable infusion sequence for the ACT protocol would be first doxorubicin
followed by cyclophosphamide and finally paclitaxel, as shown in Fig. 4.7.

4.5.3 ACTT Protocol (Doxorubicin, Cyclophosphamide,
Paclitaxel, and Trastuzumab)

The ACTT protocol is a protocol that combines doxorubicin, cyclophosphamide,
paclitaxel, and trastuzumab, being used in the treatment of breast cancer in patients
who have a positive HER2 receptor [116, 117]. Generally, doxorubicin and cyclo-
phosphamide are initially administered for four cycles at 21-day intervals, follow-
ing the infusion order of the AC protocol (Sect. 4.5.1), while paclitaxel is
administered after the four cycles of the AC protocol, associated with trastuzumab
[117, 118].

Trastuzumab is a monoclonal antibody that acts directly on cells that overex-
press the HER2 receptor, so it is indicated only for patients who have positive
HER?2 immunohistochemistry [119, 120]. As for dermatological toxicity, it pres-
ents a non-vesicating characteristic [121]. As it is a monoclonal antibody, it can
be immunogenic and should be administered as an infusion for 90 min to reduce
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‘[Cyclophosphamide] Paclitaxel] -y

First for 4 cycles After AC protocol

Fig. 4.8 ACTT protocol infusion sequence when trastuzumab is administered for the first time

Paclitaxel Ty [ Trastuzumab ] [ Trastuzumab ] ) | Paclitaxel

After AC protocol After the first administration
of trastuzumab

Fig. 4.9 Change in the order of trastuzumab infusion after the first administration of trastuzumab

damage if the patient presents immunogenicity during the infusion of the drug
[122, 123].

The interaction of trastuzumab with paclitaxel seems to favor the antitumor
action of both drugs [124, 125]. According to Diéras et al. [126], the combination of
trastuzumab and paclitaxel showed additive and synergistic interactions, with an
increase in the response rate of 41% when compared to monotherapy with paclitaxel
(17%), also proving to be a well-tolerated regimen. Paclitaxel can increase the activ-
ity of trastuzumab, where in some cases it may be interesting to readjust the doses
to avoid possible side effects due to the use of trastuzumab, such as cardiotoxicity,
which when present is indicated to discontinue the use of trastuzumab [127, 128].

Given the information mentioned above, trastuzumab is a monoclonal antibody
and can induce immunogenicity in some patients. The ideal would be to administer
the trastuzumab last, after administration of paclitaxel, in case the patient is using it
for the first time, with infusion in 90 min. In the case he develops an immunogenic
reaction, it does not compromise the entire protocol (Fig. 4.8) [129, 130].

After the patient uses trastuzumab for the first time and has not developed an
immunogenic reaction, trastuzumab can be administered initially (Fig. 4.9), with
infusion within 30 min, as it is a specific cycle drug, allowing trastuzumab to act on
cells with overexpression of HER2 and leaving other cancer cells susceptible to the
action of paclitaxel [129, 130].

4.5.4 CMF Protocol (Cyclophosphamide, Methotrexate,
and 5-Fluorouracil)

The CMF protocol is another protocol of choice for the treatment of adjuvant breast
cancer, which is based on the combination of antineoplastic agents cyclophospha-
mide, methotrexate, and 5-fluorouracil [131-134]. As we saw in the previous
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section, cyclophosphamide is present in most breast cancer protocols, being an
alkylating agent [82, 101]. Methotrexate and 5-fluorouracil are drugs of the antime-
tabolite class, where methotrexate is an antifolate drug with a structure similar to
folic acid and acts by inhibiting the enzyme dihydrofolate-reductase, acting specifi-
cally in the S phase of cell division [135, 136]. As for dermatological toxicity, meth-
otrexate is classified as a non-vesicating agent [137].

Regarding 5-fluorouracil, it, like methotrexate, is an antimetabolite agent, but it
is a pyrimidine analog that acts by inhibiting the enzyme thymidylate synthetase
and consequently preventing the duplication of DNA and cancer cells, thus being a
specific S-phase drug-like methotrexate [138, 139]. As for dermatological toxicity,
5-fluorouracil is characterized as an irritant [140, 141].

Regarding drug interactions, according to Tattersall et al. [142], the combina-
tion of methotrexate and 5-fluorouracil reduces the efficacy of 5-fluorouracil,
because methotrexate induces the accumulation of cellular deoxyuridylic acid,
while 5-fluorouracil reduces the blockage of purine biosynthesis caused by meth-
otrexate, thus being able to reverse the toxicity of methotrexate and also reduce its
effectiveness. Despite these findings, the sequential administration of these drugs
does not seem to induce these interactions. According to Benz et al. [143] and
Pronzato et al. [144], sequential administration of methotrexate and 5-fluorouracil
may result in synergistic antitumor activity. Sasaki [145] explains that the
sequence-dependent synergism between these drugs may be related to the incor-
poration of 5-fluorouracil into RNA or due to more sustained inhibition of DNA
synthesis by the two drugs.

According to Berne et al. [146], the administration of methotrexate followed by
5-fluorouracil induced an increase in the persistence of the active metabolite of
5-fluorouracil, 5-fluoro-2'-deoxyuridylate, which may be the mechanism of syner-
gism of the drugs, but in relation to inhibition of thymidylate synthetase, they had
antagonistic effects, being less effective in inhibiting this enzyme.

5-Fluorouracil also interacts with cyclophosphamide, where both compete for
binding with plasma proteins, which can interfere with the distribution of these
drugs in the body, delaying the therapeutic effect and even inducing toxicity [93,
147, 148]. As for methotrexate and cyclophosphamide, Bruijn et al. [149] reports
that cyclophosphamide decreased the concentration-time curve of methotrexate.
Given the data available so far, the infusion sequence that has been used in practice
in the CMF protocol is 5-fluorouracil followed by methotrexate and cyclophospha-
mide (Fig. 4.10) [150].

5-fluorouracil - -[ Cyclophosphamide ]

Fig. 4.10 Infusion sequence of the CMF protocol
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4.5.5 FAC Protocol (5-Fluorouracil, Doxorubicin,
and Cyclophosphamide)

The FAC protocol combined the drugs 5-fluorouracil, doxorubicin, and cyclo-
phosphamide in the treatment of adjuvant breast cancer [151, 152]. Buzdar et al.
[151] evaluated the efficacy of the FAC protocol as an adjuvant treatment in
patients with stage II or III breast cancer. The results showed an estimated 10-year
disease-free survival of 58 and 36% for stage II and III cancers, respectively. The
combination has been shown to be effective in improving the disease and overall
survival.

Martin et al. [153] compared the effectiveness of the FAC protocol followed or
not by weekly paclitaxel in the treatment of breast cancer, as adjuvant therapy. Both
regimens had similar results, but the inclusion of weekly paclitaxel was related to a
small improvement in disease-free survival as well as controllable toxicity. Martin
et al. [153] highlight the cases of cardiotoxicity, where seven patients in the study
who received FAC died due to cardiovascular disease.

Tecza et al. [154] reported in their study that adverse events may be related to the
interaction of the FAC protocol with polygenic inheritance and clinical risk factors.
The identification of genes and their polymorphisms can be an alternative for the
early intervention of possible adverse events, since some genes may be involved in
the transport of drugs, their metabolism and DNA recognition, and repair and con-
trol of the cell cycle.

According to Pereira-Oliveira et al. [155], the cardiotoxicity of the FAC protocol
is mainly related to the presence of doxorubicin, which is increasingly cardiotoxic.
When comparing the cardiotoxicity of drugs alone and when combined, the authors
observed that the cardiotoxicity profile of the FAC protocol was similar to that pre-
sented by doxorubicin alone. According to Volkova and Russell [77], the combina-
tion of doxorubicin with cyclophosphamide may increase the risk of cardiotoxicity,
as cyclophosphamide also presents cardiotoxicity. Because of this possible increase
in cardiotoxicity, perhaps an infusion order starting with doxorubicin followed by
5-fluorouracil and cyclophosphamide is more appropriate to reduce cardiotoxicity
(Fig. 4.11).

Doxorubicin - 5-fluorouracil - Cyclophosphamide

Fig. 4.11 FAC protocol infusion sequence
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Epirubicin - 5-fluorouracil - Cyclophosphamide

Fig. 4.12 FEC protocol infusion sequence

4.5.6 FEC Protocol (5-Fluorouracil, Epirubicin,
and Cyclophosphamide)

Another protocol used in the adjuvant treatment of breast cancer is the FEC, which
is based on a combination of the antineoplastic drugs 5-fluorouracil, epirubicin, and
cyclophosphamide [156—158]. Epirubicin, like doxorubicin, is a cytotoxic antibiotic
of the anthracycline class, acting specifically in the S phase of cell division, inhibit-
ing DNA and RNA synthesis. It is a drug with dermatological toxicity with a vesi-
cant characteristic [159, 160].

The limiting toxicity of epirubicin is cardiotoxicity; however, there are no reports
that associated with cyclophosphamide, which also has cardiac toxicity, can increase
the cardiotoxicity of the epirubicin [76, 79, 161-164]. The FEC protocol has shown
a good therapeutic response in early breast cancer, as evidenced in the study by von
Heideman et al. [158] who highlighted the benefits of the combination of epirubi-
cin, 5-fluorouracil, and cyclophosphamide in primary cell cultures, showing syner-
gistic and additive effects in cells extracted from breast cancer patients.

Burnell et al. [165] observe the benefits of the FEC protocol compared to other
protocols, such as the AC-T, showing superior recurrence-free survival in the
group that received the FEC. Regarding the toxicity profile, the most frequent
ones are nausea and vomiting, stomatitis, and leukopenia [166]. As they do not
have serious interactions that limit the use of the protocol, we can establish the
infusion sequence according to the risk of extravasation and dermatological toxic-
ity, starting the protocol with epirubicin, which is a vesicant; followed by 5-fluo-
rouracil, which is irritating; and finally, cyclophosphamide which is non-vesicant
(Fig. 4.12) [167, 168].

4.5.7 FEC-D Protocol (5-Fluorouracil, Epirubicin,
Cyclophosphamide, and Docetaxel)

The FEC-D protocol is similar to the FEC protocol with the addition of docetaxel
[169]. Docetaxel is a plant derivative of the taxane class, as well as paclitaxel, which
acts specifically in the M phase of the cell cycle, inhibiting the formation of micro-
tubules. As for dermatological toxicity, docetaxel has an irritating characteristic
[170-173].
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-Is-fluorouracil -[Cyclophosphamide] [Docetaxel]

Combined therapy Monotherapy

Fig. 4.13 FEC-D protocol infusion sequence

Ceruti et al. [174] evaluated the interaction of the combination between docetaxel
and epirubicin, showing that a transient drug interaction occurs when docetaxel is
infused for 1 hour after administration of epirubicin, leading to a transient increase
in plasma epirubicin due to the maximum concentration of docetaxel. However,
when administered during 10 min of infusion, there was no evidence of this interac-
tion. Trying to verify an appropriate infusion sequence between epirubicin and
docetaxel, Lunardi et al. [175] observed that regardless of the sequence chosen, it
did not affect the pharmacokinetic profile of the drugs, nor the hematological and
non-hematological toxicity profile.

Joensuu et al. [176] evaluated the effectiveness of the FEC protocol with the
addition of docetaxel in the adjuvant treatment of breast cancer showing that
docetaxel improved long-term disease-free survival. Martin et al. [177] also
looked at the benefits of combining docetaxel with epirubicin and cyclophos-
phamide in early node-positive breast cancer. The administration regimen of the
FEC-D protocol is generally based on the application of the FEC for three cycles
with 21-day intervals, and after completion, the administration of docetaxel is
started for three cycles with 21-day intervals. Thus, the order of infusion is simi-
lar to FEC, as the addition of docetaxel is only after completion of FEC
(Fig. 4.13) [178].

4.5.8 FEC-DT Protocol (5-Fluorouracil, Epirubicin,
Cyclophosphamide, Docetaxel, and Trastuzumab)

The FEC-DT protocol is based on the administration of the FEC protocol for three
cycles at intervals of 21 days, and after completion, the administration of the DT
starts [179]. The FEC infusion sequence remains in the order discussed in Sect.
4.5.5. Because it features the monoclonal antibody trastuzumab, this protocol is
indicated for patients with HER2-positive breast cancer [92, 180]. The combina-
tion of trastuzumab with docetaxel had benefits in increasing the time to progres-
sion and response rate to breast cancer treatment [181]. According to Pegram
et al. [127], the combination of trastuzumab with docetaxel causes a synergistic
interaction.
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First for 3 cycles After FEC protocol

Fig. 4.14 FEC-DT protocol infusion sequence

Regarding the toxicity profile of the DT combination, there is an increase in
adverse events characteristic of docetaxel, which include febrile neutropenia, neu-
tropenia, and anemia, but the hematological toxicity profile was within manageable
limits [181-183]. Non-hematological toxicity included diarrhea, fatigue, nausea
and vomiting, neuropathy, dyspepsia, pruritus, thrombosis, and hyperglycemia,
among others, remaining within reasonable occurrence rates [181, 182]. Regarding
the cardiotoxicity of trastuzumab, studies are not conclusive that the combination
with docetaxel may increase the cardiac toxicity of trastuzumab in the development
of congestive heart failure [184—186].

The DT combination infusion sequence is preferred to start with trastuzumab as
itis a target-directed drug followed by docetaxel (Fig. 4.14) [56, 116, 187]. However,
it is important to know if the patient presents immunogenicity to trastuzumab, in
which the first time of administration, it is chosen, for safety, to administer trastu-
zumab last [188, 189].

4.5.9 DAC (Docetaxel, Doxorubicin, and Cyclophosphamide)
and DC (Docetaxel and Cyclophosphamide) Protocols

Another protocol widely used in the treatment of adjuvant breast cancer is DAC,
which is a protocol similar to the ACT (Sect. 4.5.2), differing only in the replace-
ment of paclitaxel by docetaxel, where both are from the same therapeutic class and
have similar pharmacological profiles. The combination of these three drugs seems
to bring important results for the treatment of breast cancer not only as an adjuvant
treatment but also in advanced and metastatic cancer [190-193].

Nabholtz et al. [190] evidenced the benefits of the DAC protocol in their phase 11
study in patients with metastatic breast cancer, showing that the combination
resulted in a response rate of 80%, and regarding toxicity, grade 4 neutropenia,
febrile neutropenia, and grades 3 to 4 infection were observed, but cardiac toxicity
was rare, with only one case of reversible congestive heart failure.

Bear et al. [194] evaluated the benefits of including docetaxel in the AC protocol
in terms of the response rate to breast cancer and disease-free survival, with
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- -[ CyCIophosphamide ]

Fig. 4.15 Infusion sequence of the DAC protocol

preoperative or postoperative administration of docetaxel failing to identify signifi-
cant improvement in disease-free survival, but observed a decrease in the incidence
of local recurrences.

Older studies, such as the one by Colombo et al. [114], suggested the concern in
combining docetaxel with doxorubicin, believing that the combination could
increase the cardiotoxic effects of doxorubicin, but clinical studies such as those by
Nabholtz et al. [190], Baltali et al. [195], and Bear et al. [194] show rare cases of
cardiotoxicity. Zeng et al. [196] observed the interactions of docetaxel and doxoru-
bicin in vitro, according to the sequence of administration, showing that doxorubi-
cin, when administered before docetaxel, seems to interfere with mitotic arrest and
cell death induced by docetaxel, with antagonistic effects. When docetaxel is given
first, they did not observe an antagonistic effect, indicating that the combination is
schedule-dependent and sequential exposure to docetaxel followed by doxorubicin
would be the ideal regimen.

Itoh et al. [197], on the other hand, in their study with patients with advanced
breast cancer, did not observe significant differences in the pharmacokinetic param-
eters related to the infusion sequence of doxorubicin and docetaxel, but with regard
to toxicity. Administration of docetaxel followed by doxorubicin had a longer dura-
tion of grade 4 neutropenia than when doxorubicin was administered first. The
authors recommend administering doxorubicin first followed by docetaxel. Given
these data, perhaps the DAC protocol sequence with doxorubicin is interesting due
to its vesicant characteristic, followed by docetaxel and cyclophosphamide
(Fig. 4.15) [198].

Regarding the interactions between docetaxel and cyclophosphamide, it is related
to metabolism, where cyclophosphamide needs to be metabolized to its active form
in cytochrome P450, and docetaxel is also oxidized by cytochrome P450 enzymes,
mainly by the enzyme CYP3A4 in the liver [199, 200]. It is believed that docetaxel
can inhibit the biotransformation of cyclophosphamide, due to the study by Ando
et al. [201] who suggested that docetaxel could inhibit the biotransformation of the
prodrug ifosfamide, which is an analog of cyclophosphamide. However, the identi-
fied studies do not have clear evidence for an order of administration of these drugs.
Because docetaxel is a cycle-specific drug, in addition to having an irritating char-
acteristic, starting the DC protocol with docetaxel could bring greater benefit to the
treatment (Fig. 4.16) [92, 202].



94 4 Chemotherapeutic Protocols for the Treatment of Breast Cancer

Fig. 4.16 DC protocol

infusion sequence
Docetaxel - Cyclophosphamide

Trastuzumab - Docetaxel - Cyclophosphamide

Fig. 4.17 TDC protocol infusion sequence

4.5.10 TDC Protocol (Trastuzumab, Docetaxel,
and Cyclophosphamide)

The TDC protocol is based on a combination of trastuzumab, docetaxel, and cyclo-
phosphamide. As we saw in Sect. 4.5.7, it is believed that docetaxel can interact
with cyclophosphamide inhibiting its biotransformation and therefore interfering
with its activity, but there are no studies that prove this interaction. Given the speci-
ficity of the cell cycle, the option is to start with the target-specific agent, trastu-
zumab, which will act on cells with overexpression of the HER?2 receptor, followed
by docetaxel, which is a specific cycle drug, and cyclophosphamide (Fig. 4.17)
[92, 202].

4.5.11 DCARBT Protocol (Docetaxel, Carboplatin,
and Trastuzumab)

The DCARBT protocol combines docetaxel with carboplatin and trastuzumab,
being a protocol also indicated for the adjuvant treatment of breast cancer in patients
with HER-2 receptor overexpression [203—205]. Carboplatin is an antineoplastic in
the class of platinum compounds that acts as an alkylating agent thereby inhibiting
DNA synthesis [206]. It is a nonspecific cycle drug, which binds to plasma proteins
and is rapidly excreted by the kidneys, thus presenting reduced renal and gastroin-
testinal toxicity, but with myelosuppressive toxicity [206, 207].

Eppler et al. [203] evaluated possible pharmacokinetic interactions between
trastuzumab and carboplatin in the DCARBT protocol in the treatment of patients
with HER2-positive metastatic inoperable solid tumors. The authors observed that
the blood concentration of carboplatin remained independent of the presence or
absence of trastuzumab, suggesting that there are no pharmacokinetic-type interac-
tions between the drugs.
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- - Carboplatin

Fig. 4.18 Infusion sequence of the DCARBT protocol

Xu et al. [208] evaluated the possible cardiac toxicity of the combination of
trastuzumab with carboplatin and docetaxel, noting that the combination did not
prolong the QT interval of the electrocardiogram, and similarly to Eppler et al.
[203], no pharmacokinetic interactions between drugs were observed either, thus
evidencing the safety profile of this protocol.

According to the study by Wu and Xiong [205], the combination of trastuzumab,
docetaxel, and carboplatin has high efficacy in the treatment of HER2-positive
breast cancer, safety, and disease-free survival, and 5-year overall survival, in addi-
tion to a good effect on inflammation recovery, immune response, and oxidative
stress. There are no reports of serious toxicity due to drug interactions in this proto-
col; therefore, the infusion sequence could start with the monoclonal antibody
trastuzumab, as it is a target-specific drug, followed by docetaxel, which is a spe-
cific cycle drug, and finally carboplatin, which it is a nonspecific cycle drug
(Fig. 4.18) [209].

4.6 Chemotherapy in Locally Advanced Breast Cancer

Locally advanced breast cancer is defined as patients with stage III disease and
stage II patients with lymph node invasion, as well as patients with metastases lim-
ited to the ipsilateral supraclavicular lymph nodes (stage IV) [210-213]. The goal of
treating locally advanced breast cancer is to achieve control of locoregional disease
and the eradication of occult systemic metastases, so it requires a multimodal treat-
ment including combinatorial chemotherapy, surgery, and radiotherapy [65,
214, 215].

The oncologist may indicate neoadjuvant chemotherapy, which precedes sur-
gery, in order to reduce the size of tumors that are initially unresectable and become
candidates for surgery [216-218]. After chemotherapy and surgery, it is important
that patients receive radiotherapy to the breast or chest wall and draining lymphatic
vessels. In addition, patients with hormone receptors should receive hormone ther-
apy, and patients with HER2-positive receptors should receive treatment with
target-directed therapy [6, 219-223].

Some protocols that were mentioned in the previous section (Sect. 4.5) can also
be used in the treatment of locally advanced breast cancer, such as the DAC and
ACT protocols [102, 191, 224, 225]. In the following sections, we discuss some
chemotherapy protocols and their infusion sequences in the treatment of locally
advanced breast cancer.
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-[Cyclophosphamide] [Trastuzumab] Iy
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Fig. 4.19 AC-DT protocol infusion sequence

4.6.1 AC-DT Protocol (Doxorubicin, Cyclophosphamide,
Docetaxel, and Trastuzumab)

The AC-DT protocol is a derivation of the DAC protocol (Sect. 4.5.7) with the
inclusion of trastuzumab, indicated for patients with HER2-positive breast cancer.
As there is the inclusion of trastuzumab, which is a drug that targets cells with
HER?2 overexpression, this monoclonal antibody has cardiotoxicity, as well as
doxorubicin, which can increase the risk of developing cardiotoxicity if adminis-
tered in combination [226-228]. Therefore, the ideal is to start the administration
of the AC protocol, as we saw in Sect. 4.5.1, starting with doxorubicin, which is a
vesicant, followed by cyclophosphamide for four cycles with intervals of 21
days [229].

In the fifth cycle, the AC protocol is interrupted to start the DT protocol, which
is based on the combination of trastuzumab and docetaxel. The ideal is to start the
protocol with the monoclonal antibody because it is target-directed, reinforcing
that in the first cycle, the ideal is to end with trastuzumab in the case of patients
who do not know if they will develop immunogenicity, as a form of safety [229,
230]. Figure 4.19 shows the order of infusion of drugs present in the AC-DT
protocol.

4.6.2 CT-AC Protocol (Carboplatin, Paclitaxel, Doxorubicin,
and Cyclophosphamide)

The CT-AC protocol is also divided into two phases, in which, in the first, the patient
uses the drugs carboplatin and paclitaxel in combination for four cycles with 21-day
intervals, and at the end, the AC protocol starts [231]. The combination of carbopla-
tin and paclitaxel appears to demonstrate additive cytotoxic effect; furthermore
paclitaxel also appears to reduce the risk of thrombocytopenia caused by carbopla-
tin. However, the association of carboplatin with paclitaxel seems to increase
myelosuppression [232, 233]. The combination can also increase the risks of neuro-
toxicity, from the induction of nerve damage, being a side effect of both drugs and
can induce the development of weakness, numbness, pain, burning, or tingling in
the hands, feet, or limbs [234-237].
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Fig. 4.20 CT-AC protocol infusion sequence

Despite the hematological toxicity and neurotoxicity of the combination,
Pentheroudakis et al. [238] evaluated the effectiveness of the combination of pacli-
taxel and carboplatin in the treatment of advanced breast cancer, showing that the
combination exhibits schedule-dependent synergistic effects of the combination
with paclitaxel being administered first followed by carboplatin.

More recently, Yu et al. [239] demonstrated the efficacy of the combination of
carboplatin and paclitaxel in the adjuvant treatment of operable triple-negative
breast cancer, with improvements in the 5-year disease-free survival rate when com-
pared to the combination of cyclophosphamide, epirubicin and 5-fluororuracil fol-
lowed by docetaxel. Given this information and the information covered in Sect.
4.5.1, which talks about the AC protocol, Fig. 4.20 shows the infusion sequence for
the CT-AC protocol [90-92, 238, 240].

4.7 Chemotherapy in Advanced Breast Cancer

Advanced or metastatic breast cancer is considered the latest stage of breast cancer,
where the tumor has spread to other organs such as bones, lungs, brain, and liver,
among other organs [6, 241-243]. There is currently no cure for advanced breast
cancer, but there are many treatments available, which aim to prolong life and pre-
serve the quality of life, seeking to relieve symptoms [244, 245].

Therapeutic modalities are diverse and may include chemotherapy, hormone
therapy, radiotherapy, targeted therapy, and surgery [6, 65, 246]. Chemotherapy is
usually based on monotherapy, and the antineoplastic drugs docetaxel, capecitabine,
paclitaxel, abraxane, doxorubicin, gemcitabine, and high-dose methotrexate with
leucovorin and vinorelbine can be administered as monotherapy, in addition to spe-
cific drugs for the therapy of hormonal positive breast cancer, such as anastrozole,
tamoxifen, palbociclib, ribociclib, and fulvestrant, among others [247-250].

Some combination therapies used in other stages of breast cancer may also be
indicated in the treatment of advanced breast cancer; examples are the AC and CMF
protocols [101, 133, 251]. Some drugs that are not commonly used in the treatment
of early and locally advanced breast cancer are included in protocols for the treat-
ment of advanced breast cancer, such as gemcitabine and cisplatin [252-256]. In the
following sections, we will address the main protocols used in advanced breast can-
cer and their infusion sequences.
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4.7.1 GEMD Protocol (Gemcitabine and Docetaxel)

The GEMD protocol is a combination of the antineoplastic agents gemcitabine and
docetaxel [257, 258]. Gemcitabine is a deoxycytidine nucleoside analogue that is
incorporated into DNA during its replication, causing changes in DNA synthesis
[259-262]. Gemcitabine is part of the class of antimetabolites, being cycle specific,
acting in the S phase of the cell cycle, and its dermatological toxicity is character-
ized by being an irritant [262-264].

Many studies have shown the benefits of the combination of gemcitabine and
docetaxel in the treatment of advanced breast cancer because they have different
mechanisms of action, as well as partially nonoverlapping toxicity profiles and good
activities as single agents [258, 265, 266]. Seidman [258] highlights in his study that
the combination of gemcitabine and docetaxel in metastatic breast cancer produced
a response rate of 36% to 79% in patients who received mainly second-line treat-
ment, with a response rate greater than 50% in most of the studies that the author
evaluated. As for the toxicity profile, Seidman [258] reports neutropenia as the pri-
mary combination-related toxicity.

Chan et al. [266] compared in a phase III study the effects of gemcitabine plus
docetaxel with capecitabine plus docetaxel in patients with metastatic breast cancer
who were pretreated with anthracycline, showing that there was no difference
between the protocols in free survival data progression, overall response rate, and
overall survival, as well as hematologic toxicity data. However, the results of non-
hematological toxicity were significantly higher in patients who received
capecitabine combined with docetaxel, with diarrhea, mucositis, and hand and foot
syndrome, suggesting that the use of gemcitabine combined with docetaxel is a bet-
ter option.

The combination of gemcitabine with docetaxel appears to have synergistic cyto-
toxicity when gemcitabine is administered before docetaxel. The GEMD protocol is
based on the combination of drugs on day 1, and from day 2 to day 8, gemcitabine
is administered alone [92, 267-270].

Alexopoulos et al. [257] evaluated the use of the combination of gemcitabine and
docetaxel in patients with metastatic breast cancer after failure of treatment with
docetaxel monotherapy, showing that the combination led to a high overall response
rate and could be related to a synergistic action. In this study, the authors adminis-
tered docetaxel before gemcitabine on day 8 of gemcitabine administration. Given
the data from the study by Alexopoulos et al. [257], the introduction of the protocol
with the infusion of docetaxel may bring benefits for the therapy of metastatic breast
cancer (Fig. 4.21).

Fig. 4.21 GEMD protocol

infusion sequence
Docetaxel - Gemcitabine
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4.7.2 GEMP Protocol (Gemcitabine and Cisplatin)

The combination of gemcitabine and cisplatin in the GEMP protocol has also been
used for the treatment of advanced breast cancer [253, 271]. Cisplatin is part of the
class of drugs composed of platinum, being one of the most used drugs in the treat-
ment of cancer, where its activity is based on DNA alkylation and is also part of the
class of alkylating agents [272-274]. Cisplatin is not cell cycle specific and may
have a vesicant or irritant character depending on the extravasated dose [275-277].

Heinemann [252] highlights that the combination of gemcitabine, and cisplatin
proved to be effective in the first-line treatment of breast cancer, with a response rate
of 80% and an average response rate of 43%, with moderate toxicity that could
induce thrombocytopenia and neutropenia. Zhang et al. [278] also demonstrate the
benefits of the combination in the treatment of triple-negative metastatic breast can-
cer, with significant activity and a favorable safety profile. The results showed a
progression-free survival of 7.2 months, overall survival of 19.1 months, and an
overall response rate of 62.5%. Toxicity was also similar to that observed by
Heinemann [252], with pictures of neutropenia, thrombocytopenia, anemia, and
nausea and vomiting.

In a randomized phase III study, Hu et al. [279] highlight the benefits of the
GEMP protocol compared to the combination of paclitaxel and gemcitabine for the
first-line treatment of triple-negative metastatic breast cancer. According to Koshy
et al. [253], the benefits of the GEMP protocol seem to be related to the treatment
of triple-negative metastatic breast cancer with better results than when compared
to the treatment of non-triple-negative breast cancer.

The combination of gemcitabine with cisplatin can be used as a rescue regimen
for the treatment of breast cancer patients who have failed the use of anthracyclines
and/or taxanes [280]. The results of the study by Chitapanarux et al. [280] showed
an overall response rate of 51%, with a mean time to disease progression of 8.1
months and a mean response time of 4 weeks, with a toxicity profile similar to other
studies with cases of thrombocytopenia and neutropenia.

According to Peters et al. [281], the interactions between cisplatin and gem-
citabine in in vitro studies seem to be synergistic, while in in vivo studies, it seems
to show at least additive effect, where the synergism will depend on the infusion
schedule. Bergman et al. [282] believe that the synergistic effect between these
drugs appears to be the result of the incorporation of the metabolite of gemcitabine
into the DNA and/or the formation of a cisplatin adduct with the DNA.

Seeking to define the best schedule for the GEMP protocol, Kroep et al. [283]
evaluated the administration of gemcitabine 4 h before cisplatin, cisplatin 4 h before
gemcitabine, gemcitabine 24 h before cisplatin, and cisplatin 24 h before gem-
citabine. The authors noted that myelosuppression was the main toxicity, where
leukopenia was schedule dependent, where when gemcitabine is given before cis-
platin, it appears to be less toxic. The infusion sequence, starting for gemcitabine,
appears to be the most suitable, as gemcitabine is a specific cycle drug and can
reduce the toxicity profile of the protocol (Fig. 4.22).
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Fig. 4.22 GEMP protocol 7 N\
infusion sequence
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Fig. 4.23 GEMT protocol 4 N\
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4.7.3 GEMT Protocol (Gemcitabine and Paclitaxel)

The use of the GEMT protocol, a combination of gemcitabine and paclitaxel, may
also be indicated for the treatment of advanced breast cancer [284-287]. The com-
bination of drugs seems to have synergistic activity against metastatic breast can-
cer, in which the study by Colomer [284] reports that the use of the GEMT
protocol as the first line presents a response rate higher than 71% compared to the
use of the protocol in patients who had received previous chemotherapy, with a
response rate of 46%. As for the toxicity profile, according to the study by Colomer
[284], it has been low, with cases of rare neutropenia or non-hematological
toxicity.

Allouache et al. [288], in a phase II study, observed the effectiveness of the
GEMT protocol in recurrent or metastatic breast cancer, with tolerable toxicity as
first-line therapy. The results showed a response rate of 40%, with a median dura-
tion of response of 12 months, the median time to progression of 7.2 months, and
median survival of 25.7 months. As for the toxicity profile, cases of neutropenia,
leukopenia, and alopecia were observed.

Albain et al. [289] highlight the importance of including gemcitabine combined
with paclitaxel in the treatment of metastatic breast cancer in patients who had been
previously treated with an anthracycline. The authors demonstrate that the inclusion
of gemcitabine may be a reasonable choice, with increased median survival and
manageable toxicity.

Rau et al. [286] also evaluated the efficacy of combined treatment with gem-
citabine and paclitaxel in advanced breast cancer with the administration of pacli-
taxel before gemcitabine. The protocol was effective and safe with an overall
response rate of 56%, median progression-free survival of 7.4 months and median
overall survival of 19 months. Demiray et al. [290] also used in their study pacli-
taxel followed by gemcitabine in the treatment of metastatic breast cancer, proving
to be an effective protocol with a controllable toxicity profile. Ahead of the studies,
the infusion sequence starting with paclitaxel seems to bring benefits to patients
with advanced breast cancer (Fig. 4.23).
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4.7.4 PTRAD Protocol (Pertuzumab, Trastuzumab,
and Docetaxel)

Another protocol indicated for the treatment of advanced HER2-positive breast can-
cer is PTRAD, which is based on a combination of the drugs pertuzumab, trastu-
zumab, and docetaxel [291-294]. Pertuzumab, like trastuzumab, is a monoclonal
antibody that acts on cells that overexpress the HER2 receptor, acting on the extra-
cellular domain of dimerization (subdomain II), thereby blocking HER2-dependent
ligand heterodimerization with other members of the HER family, like HERI,
HER3, and HER4, unlike trastuzumab which will act on the HER2 receptor subdo-
main IV (Fig. 4.24) [295, 296]. As it is a monoclonal antibody, it can also be immu-
nogenic, and care must be taken during its administration, and it has a non-vesicating
characteristic [56, 297, 298].

The combination of pertuzumab with trastuzumab has synergistic activity, where
trastuzumab is preferentially active against tumors driven by HER2 homodimers,
while pertuzumab prevents HER2 ligand-induced dimerization with HER3 and
inhibits the activation of downstream cell signaling pathways, thereby preventing
tumor growth [56]. According to the study by Swain et al. [291], the addition of
pertuzumab in the treatment of HER2-positive metastatic breast cancer improved
median overall survival to 56.5 months, with a median duration of response of 7.7
months, and median progression-free survival improved by 6.3 months.

The combination of pertuzumab, trastuzumab, and docetaxel significantly
improved the response rate, from 39.3% to 21.8% with the inclusion of pertuzumab,

Pertuzumab
Trastuzumab
HER2 HER3

HER1

Fig. 4.24 Pertuzumab and trastuzumab double blockade at the HER2 receptor. Source: Created
with BioRender.com
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Pertuzumab - Trastuzumab - Docetaxel

Fig. 4.25 PTRAD protocol infusion sequence

against early or locally advanced HER2-positive breast cancer. The most frequent
adverse event was neutropenia [292].

In a phase III study, Swain et al. [293] observed similar results to other studies
with a median overall survival of 57.1 months, an overall survival rate of 8 years,
and the most common adverse event was neutropenia. This time, the authors
observed the occurrence of one case of congestive heart failure and symptomatic
left ventricular systolic dysfunction. Despite this, the results were promising, show-
ing that this combination increased the overall 8-year survival rate with the double
blockade of pertuzumab and trastuzumab.

Positive results were also presented in the study by Ramagopalan et al. [294],
demonstrating data on overall survival of 48.6 months. As for the infusion sequence
of the PTRAD protocol, the ideal is to start with target-directed therapy, starting
with pertuzumab followed by trastuzumab to induce a double blockade of the HER2
receptor and finally docetaxel infusion (Fig. 4.25) [292, 299].

4.7.5 PTRAT Protocol (Pertuzumab, Trastuzumab,
and Paclitaxel)

The PTRAT protocol is similar to the PTRAD protocol, differing only in the substi-
tution of docetaxel for paclitaxel in the treatment of advanced HER2-positive breast
cancer [300-302]. Smyth et al. [303] evaluated the use of weekly paclitaxel com-
bined with trastuzumab and pertuzumab in metastatic breast cancer with HER2
overexpression. The authors noted that the combination led to the overall survival of
44 months, with a progression-free survival of 6 months being 86%, well-tolerated,
and could be an alternative to therapy using docetaxel.

Wang et al. [301] also evaluated the use of weekly paclitaxel with trastuzumab
and pertuzumab in patients with metastatic breast cancer with HER2-positive recep-
tors, with a 5-year follow-up. The results showed that the protocol’s efficacy was
maintained for almost 5 years, providing a median progression-free survival of 24.2
months, but overall survival was not achieved. As for the toxicity profile, Gupta
et al. [304] found that patients with HER2-positive breast cancer who received a
neoadjuvant regimen had neutropenia, diarrhea, neuropathy, and a drop in left ven-
tricular ejection fraction (LVEF) of more than 10%. Despite the toxicity profile that
is acceptable compared to other protocols, the patients in the study had a complete
pathological response of 41.6%. The infusion order of the PTRAT protocol can be
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Pertuzumab - Trastuzumab - Paclitaxel

Fig. 4.26 PTRAT protocol infusion sequence

similar to the PTRAD protocol (Sect. 4.7.5) substituting docetaxel for paclitaxel
(Fig. 4.26) [300, 301, 305].

4.7.6 TRVIN Protocol (Trastuzumab and Vinorelbine)

The combination of trastuzumab and vinorelbine may be an alternative for the treat-
ment of advanced breast cancer [306, 307]. Vinorelbine is a plant derivative that
belongs to the class of vinca alkaloids and is indicated for the treatment of various
cancers. This drug is specific for the M phase of the cell cycle, as well as drugs from
the taxane class, and it works by inhibiting the formation of microtubules. As for
dermatological toxicity, vinorelbine is classified as a vesicant drug.

Suzuki et al. [306] evaluated the efficacy of the combination of vinorelbine and
trastuzumab, showing that the combination led to a response rate of 42%, with man-
ageable adverse events that included neutropenia, vasculitis, generalized fatigue,
anemia, and thrombocytopenia. Burstein et al. [308] evaluated the combination in
the treatment of metastatic breast cancer with HER2 overexpression as a first-line
protocol. The authors noted that the TRVIN protocol achieved an overall response
rate of 68% as the toxicity, two patients had cardiotoxicity above grade 1, and one
patient had symptomatic heart failure. Despite this, the protocol proved to be effec-
tive and well-tolerated, requiring LVEF follow-up.

Stravodimou et al. [309] evaluated the contribution of vinorelbine when com-
bined with trastuzumab in the treatment of metastatic breast cancer. The combina-
tion proved to be highly effective concerning overall survival and time to progression.
Chan et al. [310] evaluated the efficacy and safety of the combination as first-line
therapy for HER2-positive metastatic breast cancer, noting an overall response rate
of 62.9%, meantime to the response of 8.4 weeks, the median duration of response
of 17.5 months, and progression-free survival of 9.9 months. As for the toxicity
profile, it was similar to those presented in the other studies with cases of neutrope-
nia, febrile neutropenia, and one case of symptomatic cardiac dysfunction that led
to the interruption of the protocol.

Burstein et al. [311] evaluated the response rate and toxicity profile with a weekly
infusion of trastuzumab followed by vinorelbine in HER2-positive advanced breast
cancer. The authors observed a response rate of 84% in patients who re-initiated the
combination as first-line therapy, with a tolerable toxicity profile with neutropenia
as the only grade 4 toxicity and grade 2 cardiotoxicity in three patients. The infusion
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Trastuzumab ‘ Vinorelbine

Fig. 4.27 TRVIN protocol infusion sequence

sequence starting with trastuzumab appears to have benefits for the treatment of
advanced breast cancer (Fig. 4.27).
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Chapter 5

Chemotherapeutic Protocols

for the Treatment of Gastrointestinal Tract
Cancer

5.1 Epidemiological Profile of Cancers
of the Gastrointestinal Tract

The gastrointestinal tract extends from the mouth to the anus, being responsible for
food digestion and nutrient extraction, where waste is removed from the body
through the colon and rectum [1-3]. Tumor formation may be from a mutation in
the DNA causing abnormal cells to grow, where this mutation may be induced by
conditions underlying lifestyle choices and genetics factors [4, 5]. Gastrointestinal
tract cancer develops in the digestive system and can affect the esophagus, stomach,
small and large intestines, and rectum, with more than 70% of cases occurring in the
stomach or intestine [6—11]. Figure 5.1 presents the estimated data for 2040 of inci-
dence of cases and mortality of cancers of the gastrointestinal tract.

Gastrointestinal tract cancers account for 26% of the global cancer incidence and
35% of cancer-related deaths [13—15]. As for signs and symptoms, they may not
exist at the beginning of the tumor, but in the long term, it can cause anemia, induc-
ing fatigue and weakness, and it can also cause bleeding in the digestive system,
which can be identified in feces or vomiting [16—18]. In addition, gastrointestinal
cancers can induce stomach or abdominal pain, bloating in the abdomen, loss of
appetite, weight loss, difficulty in swallowing, among others [19, 20].

Diagnosis is based on imaging tests such as ultrasound, computed tomography,
and magnetic resonance imaging, in addition to endoscopy and colonoscopy used to
locate possible tumors in the stomach and intestine [21-23]. Biopsy is indicated to
confirm the tumor. As for the therapeutic modality, they may include chemotherapy,
target therapy, surgery, tumor ablation, embolization, and radiotherapy [24-26].
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Fig. 5.1 Estimate data for the year 2040 of incidence of cases and mortality of cancers of the
gastrointestinal tract. (Source: Created with BioRender.com and data were extracted from [12])

5.2 Pathophysiology of Colorectal Cancer

Colorectal cancer starts in the colon or rectum and may also be called colon cancer
or rectal cancer depending on where the tumor starts. These cancers are often
grouped together because of the characteristics they have incommon. Physiologically,
the colon and rectum make up the large intestine, for which the colon accounts for
most, measuring about 1.5 meters in length. The colon is divided into four parts into
the ascending, transverse, descending, and sigmoid colon, which the latter joins the
rectum that connects to the anus [27-31].

The colon is responsible for absorbing water and salt from the remaining food
material after it passes through the small intestine, while the remaining waste forms
the feces, passing through the rectum and anus for disposal [2, 32].

The growth of colorectal cancer most often starts with the growth of polyps
(Fig. 5.2). Not all polyps can induce the development of cancer; examples are the
hyperplastic and inflammatory polyps, which, although more common, do not usu-
ally induce the development of cancer. On the other hand, sessile serrated polyps
and traditional serrated adenomas have an increased risk of developing colorectal
cancer [33-39].

Colorectal cancer initially develops in the polyp, which can grow into the wall of
the colon or rectum, which is composed of several layers, and can grow out of some
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Fig. 5.2 Development of colorectal cancer. (a) Polyp, (b) precancerous lesion, (¢) colorectal can-
cer, and (d) advanced colorectal cancer. (Source: Created with BioRender.com)

or all of the layers (Fig. 5.2d) and can transform in blood vessels or lymphatic ves-
sels, thus spreading to other organs [27, 40—42].

There are several types of colorectal cancer, which the most common is adeno-
carcinoma; they also include carcinoid tumors, gastrointestinal stromal tumors, and
colorectal lymphoma [41, 43, 44]. Adenocarcinomas start in the lining of the inter-
nal organs in cells with glandular properties or cells that secrete; they can start from
small adenomatous polyps that continue to grow and can then develop into malig-
nant cancers [29, 41, 45].

Colorectal cancer can also be classified into resectable and unresectable cancers
[46, 47]. Resectable cancers can be treated with tumor removal surgery with a mar-
gin of safety for adjacent healthy tissue, where the cancer is localized. In cases
where the tumor has invaded the bowel wall or has spread to nearby lymph nodes,
there is the possibility of indicating treatment with chemotherapy or radiotherapy,
seeking to destroy the cancer cells remaining from the surgery [48-52].

Tumors are classified as unresectable when they spread to nearby tissues or other
organs, where the indication for surgery is no longer curative, with the objective of
unblocking the intestine, thereby improving symptoms such as nausea, vomiting, or
even pain abdominal [53, 54]. Patients with unresectable colorectal cancer undergo
chemotherapy treatment, whereas radiotherapy is indicated for the treatment of
organs where there has been dissemination, such as the brain or bones [55-57].

5.2.1 Adjuvant Chemotherapy for the Treatment of Resectable
Colorectal Cancer

Depending on the stage of colorectal cancer, the 5-year survival rate increases, with
stage I being 90%, stage I1 70-80%, and stage III 40-65%. An important fact is that
about 80% of patients with colorectal cancer have localized and resectable disease,
allowing for a surgical approach with the objective of cure [58—60].
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Surgical resection is the treatment of choice for the treatment of liver or lung
metastases. Performing the surgery is important because it benefits the overall
S5-year survival rate, which can range from 28 to 38% in patients who have had
complete resection of liver metastases. Associated with the surgical procedure,
some pharmacological therapies have been indicated for the adjuvant treatment of
colorectal cancer, such as the use of monotherapy with capecitabine or associated
with radiotherapy, as well as some combinations of antineoplastic agents that we
will discuss in the following topics [60—68].

5.2.1.1 CAPOX Protocol (Oxaliplatin and Capecitabine)

One of the protocols used for the treatment of resectable colorectal cancer is
CAPOX, which is acombination of oxaliplatin and capecitabine [69—70]. Oxaliplatin
is one of the most used antineoplastics for the treatment of colorectal cancer, being
part of the class of drugs composed of platinum, which acts as an alkylating agent
on DNA, forming inter- and intra-filament bridges, thereby inhibiting DNA synthe-
sis. Like other alkylating agents, it is also classified as a nonspecific agent, and its
dermatological toxicity is characterized as an irritant [71-75].

Capecitabine, on the other hand, is a drug of the antimetabolite class, derived
from the fluoropyrimidine carbamate, where it is metabolized in the body into its
cytotoxic fraction 5-fluorouracil. Unlike other drugs, capecitabine comes in tablet
form and is administered orally [76, 77].

Li et al. [70] evaluated the efficacy of the combination of capecitabine and oxali-
platin in colorectal cancer with liver metastases. The authors observed a response
rate of 40%, proving to be a safe protocol with survival benefits and can convert
colorectal cancer with potentially resectable liver metastases into resectable ones.

Hattori et al. [78] evaluated the effectiveness of the CAPOX protocol in locally
advanced rectal cancer as postoperative adjuvant therapy. The results showed a
relapse-free survival rate and a 3-year overall survival rate of 75% and 96%, respec-
tively. Gil-Delgado et al. [79] carried out a pharmacokinetic study of the CAPOX
protocol in colorectal cancer, showing a combination that is well tolerated, without
significant neurological toxicity after administration of oxaliplatin for more than 6 h.

According to the study by Satake et al. [80], the combination of capecitabine
with oxaliplatin after hepatectomy in patients with colorectal cancer with liver
metastases has been shown to be tolerable and may be a promising strategy for post-
curative resection. The results showed a 5-year recurrence-free survival of 65.2%
and an overall survival of 87.2%.

Administration of the CAPOX protocol is based on the infusion of oxaliplatin on
the first day intravenously followed by the administration of capecitabine orally
twice daily for 14 days (Fig. 5.3) [78, 81].

Fig. 5.3 CAPOX protocol
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Fig. 5.4 FL protocol infusion sequence

5.2.1.2 FL Protocol (5-Fluorouracil and Leucovorin)

The combination of 5-fluorouracil and leucovorin is very common in the treat-
ment of colorectal cancer [82—84]. As discussed in Chap. 1, leucovorin enhances
the cytotoxic action of 5-fluorouracil. Leucovorin is the 5-formyl derivative of
tetrahydrofolic acid, an active form of folic acid that is essential for nucleic
acid synthesis, being a basic factor for cell reproduction, especially in fast-
growing cells. Unlike 5-fluorouracil, leucovorin is not an antineoplastic drug,
but it plays a fundamental role in enhancing the anticancer effects of 5-fluoro-
uracil [84-87].

Borner et al. [88] noted that the addition of low-dose leucovorin to 5-fluorouracil
had great benefits in the treatment of colorectal cancer, increasing the response rate
from 9% (5-fluorouracil alone) to 22% with the combination, also with increased of
progression-free survival from 3.9 to 6.2 months. When toxicity, fatal events were
not observed, presenting only cases of stomatitis, diarrhea, and nausea. Porschen
et al. [89] and Arkenau et al. [90] also observed the benefits of the association of
5-fluorouracil with leucovorin, improving disease-free survival, decreasing overall
mortality, and being well tolerated.

Portier et al. [91] observed that the combination of 5-fluorouracil with leucovorin
promoted a disease-free 5-year survival rate of 33.5% and an overall 5-year survival
rate of 51.1%, proving to be an effective therapy for the treatment of colorectal
cancer with resected liver metastases. Due to the benefits of 5-fluorouracil action, it
is important that leucovorin is administered prior to 5-fluorouracil administration
(Fig. 5.4) [84, 92, 93].

5.2.1.3 FOLFOX Protocol (Oxaliplatin, Leucovorin, 5-Fluorouracil,
and 5-Fluorouracil in Continuous Infusion)

The inclusion of oxaliplatin combined with 5-fluorouracil and leucovorin is also a
widely used combination for the treatment of colorectal cancer [94-97]. As we saw
in Sect. 5.2.1.1, oxaliplatin is an alkylating agent, acting in a nonspecific manner in
the cell cycle, whose action is based on the inhibition of DNA synthesis [74, 98].
The inclusion of oxaliplatin promoted an improvement in the efficiency of the com-
bination of the FL protocol, where according to André et al. [99] promoted a 3-year
free survival rate of 78.2%. Regarding adverse events, the authors observed cases of
febrile neutropenia, gastrointestinal effects, and sensory neuropathy, proving to be
a safe protocol for the adjuvant treatment of colon cancer.

Alberts et al. [100] found that the combination of oxaliplatin, 5-fluorouracil, and
leucovorin promoted a high response rate in patients with liver metastases from
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colorectal cancer, allowing for successful resection. However, the authors observed
a high recurrence rate. Goldberg et al. [101] report in their study that the FOLFOX
protocol is active and safe in the treatment of advanced colorectal cancer, with a
response rate of 45% and a mean survival time of 19.5 months, with low cases of
severe nausea, vomiting, diarrhea, febrile neutropenia, and dehydration. André et al.
[97] also shows the benefits of the FOLFOX protocol in stage III colon cancer, pro-
moting an increase in overall survival of 67.1%.

In a phase I/II study, Yamada et al. [102] observed the efficacy of the FOLFOX
protocol with administration of oxaliplatin with weekly bolus of 5-fluorouracil and
high-dose leucovorin as a first-line treatment for colorectal cancer. The study
showed a response rate of 61% with a median time to progression of 171 days and
an overall survival time of 603 days. As for toxicity, some patients had limiting
toxicity, with cases of thrombocytopenia and neutropenia, thus postponing chemo-
therapy and all patients had sensory neuropathy.

As for the infusion schedule of the FOLFOX protocol, it is preferable that oxali-
platin is administered initially, and it can be administered concomitantly with leu-
covorin, since both are compatible when administered concomitantly in a Y-infusion
device. The concomitant administration of oxaliplatin with leucovorin (Fig. 5.5a)
can reduce the patient’s length of stay in the chemotherapy sector, but sequential
administration, starting with oxaliplatin followed by leucovorin (Fig. 5.5b), is also
possible and finally the infusion of 5-fluorouracil in bolus followed by the infusion
of 5-fluorouracil in continuous infusion (Fig. 5.5). Because oxaliplatin is incompat-
ible with 0.9% sodium chloride, as we saw in Chap. 3, and can precipitate, ideally,
all drugs that make up the FOLFOX protocol are diluted in glucose serum [99,
102-106].

a

(o]
+ — S — G
==

b

B — 6 — 8 — G

Fig. 5.5 FOLFOX protocol infusion sequence. (a) Concomitant infusion of oxaliplatin with leu-
covorin followed by 5-fluorouracil bolus and 5-fluorouracil continuous infusion. (b) Infusion of
oxaliplatin followed by administration of leucovorin and finally 5-fluorouracil in bolus and
5-fluorouracil in continuous infusion
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Fig. 5.6 RALOX protocol infusion sequence

5.2.1.4 RALOX Protocol (Oxaliplatin and Raltitrexed)

Some studies have demonstrated the effectiveness of the RALOX protocol in the
treatment of colorectal cancer [107—109]. Raltitrexed is an antimetabolite drug, and,
like 5-fluorouracil, it acts by inhibiting the enzyme thymidylate synthase, thereby
inhibiting the formation of DNA and RNA, inducing cells to apoptosis. Despite
similar mechanisms of action, raltitrexed is more specific and has a different toxic-
ity profile than 5-fluorouracil. Therefore, some protocols have replaced 5-fluorouracil
with raltitrexed, as well as being used as monotherapy [110-114].

In a phase II study, Cascinu et al. [107] evaluated the efficacy of the combination
of raltitrexed plus oxaliplatin as a first-line treatment for metastatic colorectal can-
cer, proving to be an effective and well-tolerated protocol. The combination pro-
moted an overall response rate of 50%, median overall survival of >9 months, and
median time to progression of 6.5 months. As for the toxicity profile, the patients
presented neutropenia as the main hematological toxicity and as the non-
hematological toxicity cases of transient transaminitis, asthenia, neurotoxicity, and
diarrhea.

Cortinovis et al. [108] also demonstrated the effectiveness of the RALOX proto-
col in the treatment of metastatic colorectal cancer, with a toxicity profile similar to
that presented in the study by Cascinu et al. [107], with cases of transaminitis, diar-
rhea, asthenia, nausea, and vomiting.

As for the infusion sequence, most studies have evaluated the effectiveness of the
combination by administering raltitrexed for 15 min followed by oxaliplatin
(Fig. 5.6). This sequence seems adequate for promoting the protocol’s efficacy in
the treatment of colorectal cancer without inducing an increase in the toxicity pro-
file [108, 114, 115].

5.2.2 Chemotherapy for the Treatment of Advanced
Unresectable Colorectal Cancer

In advanced unresectable colorectal cancer, surgery is not the first therapeutic
option, chemotherapy being the first indication. Several antineoplastics are indi-
cated for the treatment of unresectable advanced colorectal cancer, whether they are
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indicated as monotherapy, such as capecitabine, irinotecan, raltitrexed, and panitu-
mumab, as well as some drugs that can be associated with radiotherapy [116-119].

Combination antineoplastics are also indicated, and some protocols such as FL,
CAPOX, and FOLFOX that are indicated for the treatment of resectable colorectal
cancer may also be indicated for the treatment of advanced unresectable colorectal
cancer. Some of these protocols have helped to reduce tumor mass and allow unre-
sectable colorectal tumors to become resectable [120—123]. In the following topics,
we will discuss protocols that are also indicated for the treatment of advanced unre-
sectable colorectal cancer.

5.2.2.1 CAPB Protocol (Capecitabine and Bevacizumab)

The CAPB protocol is based on the combination of the drugs capecitabine and beva-
cizumab in the treatment of metastatic or unresectable colorectal cancer in patients not
suitable for receiving combination therapy with irinotecan or oxaliplatin [124—127].
Bevacizumab is a monoclonal antibody that specifically binds to vascular endothelial
growth factor (VEGF), thereby preventing its binding to its receptors on the surface of
endothelial cells and inhibiting the formation of new blood vessels [128—131].

The combination of bevacizumab with capecitabine has been beneficial in the
treatment of advanced unresectable colorectal cancer. According to the study by
Bang et al. [127], the CAPB protocol promoted a median overall survival of
9.7 months, progression-free survival of 4.6 months, and an overall response rate of
14% in patients with metastatic colorectal cancer refractory to irinotecan, oxalipla-
tin, and fluoropyrimidines.

Larsen et al. [132] evaluated the combination of capecitabine with bevacizumab
in patients pretreated for advanced colorectal cancer, proving to be a well-tolerated
combination, with progression-free survival of 5.4 months and median overall sur-
vival of 12.2 months, with an acceptable toxicity profile. Goey et al. [133] demon-
strated the benefits of the CAPB protocol in the treatment of metastatic colorectal
cancer, especially in patients with wild-type RAS/BRAF mutation tumors.

One of the problems for the application of the protocol in the clinic is due to its
high cost, where according to the study by Sherman et al. [134] it would be neces-
sary to reduce the price of the protocol by 93% to make it economical, thereby limit-
ing its use in clinical practice. As per the CAPB protocol schedule, bevacizumab is
administered on the first day by infusion combined with capecitabine, which is
administered orally for 14 consecutive days (Fig. 5.7) [125, 135].

R

|
For 14 days

Fig. 5.7 CAPB protocol administration schedule with oral administration of capecitabine
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5.2.2.2 CETIR Protocol (Cetuximab and Irinotecan)

Another monoclonal antibody also used in the treatment of unresectable advanced
colorectal cancer is cetuximab, which acts on the epidermal growth factor receptor
(EGFR), inducing its internalization, thereby leading to a reduction in EGFR regu-
lation. In addition, cetuximab also sends cytotoxic immuneffector cells against
tumor cells that express the EGFR [136-138].

The use of cetuximab in the CETIR protocol is combined with irinotecan in the
treatment of colorectal cancer. Irinotecan is an antineoplastic agent that inhibits the
action of topoisomerase I, thereby preventing DNA strand religation by inducing
the binding of topoisomerase I to the DNA complex. The formation of the complex
will prevent DNA replication and induce the breakage of the DNA double chain,
thereby leading the cell to apoptosis. The differences in the mechanisms of action of
these drugs when combined favor the treatment of advanced colorectal cancer
[139-143].

Wilke et al. [139] highlighted the benefits of combining cetuximab with irinote-
can in metastatic colorectal cancer. The protocol proved to be well-tolerated, with
acceptable adverse events such as diarrhea, neutropenia, rash, and asthenia. The
12-week progression-free survival results from 61% and median survival of
9.2 months, proving to be an effective and safe protocol in metastatic colorec-
tal cancer.

According to Cunningham et al. [136], the response rate of the combination
seems to be higher than cetuximab monotherapy. The authors noted that the response
rate increased 12% with the combination, with an increase in median time to pro-
gression and median survival time as well. As for the toxicity profile, the combina-
tion therapy between irinotecan and cetuximab showed more toxic effects, but the
severity and incidence of the effects were similar to those expected from the isolated
use of irinotecan.

In phase II clinical trial, Martin-Martorell et al. [144] report the benefits of the
combination of irinotecan and cetuximab, obtaining an overall response rate of
22.5%, disease control rate of 60%, time to progression of 3.4 months, and overall
survival of 8 months. The toxicity profile was acceptable, similar to that obtained in
other protocols with reports of diarrhea, rash, anemia, and neutropenia.

Vincenzi et al. [145] used the CETIR protocol in the third-line treatment of
advanced colorectal cancer. The authors report that the combination led to a 25.4%
response rate, with an overall tumor control rate of 63.6%, with a median time to
progression of 4.7 months, and a median survival time of 9.8 months. The toxicity
profile was similar to other studies with cases of diarrhea, fatigue, stomatitis, and
skin toxicity.

Pfeiffer et al. [146] also tested the combination of the CETIR protocol as third-
line therapy in patients with advanced colorectal cancer who failed with irinotecan,
oxaliplatin, and 5-fluorouracil. The protocol had a response rate similar to the other
studies of 20%, with a time to progression of 5.5 months and overall survival of
10.4 months. This therapy has been shown to be effective as rescue therapy in
patients pretreated with irinotecan and oxaliplatin.
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Fig. 5.8 Infusion sequence of the CETIR protocol

Seeking to identify some pharmacokinetic interaction, Czejka et al. [147] evalu-
ated the pharmacokinetic profile of the CETIR protocol. According to the authors,
the combination appears to have no pharmacokinetic interactions. Given the results
presented, the infusion sequence of the CETIR protocol starting with cetuximab
seems to be more appropriate as it is a target-directed drug followed by the infusion
of irinotecan (Fig. 5.8) [144, 148].

5.2.2.3 FOLFIRI Protocol (Irinotecan, Leucovorin, 5-Fluorouracil,
and 5-Fluorouracil in Continuous Infusion)

Similar to the FOLFOX protocol (Sect. 5.2.1.3), the FOLFIRI protocol is based on
the combination of irinotecan with 5-fluorouracil and leucovorin for the treatment
of advanced colorectal cancer [149-151]. As we saw in the previous topic, irinote-
can is a natural product that is part of the class of drugs that act on topoisomerase I,
being a cycle-specific antineoplastic agent [152—-154].

Glynne-Jones et al. [155] in a phase I/Il study evaluated the use of irinotecan
combined with 5-fluorouracil and leucovorin and pelvic radiation in locally
advanced rectal cancer. The results showed that the combination induced an accept-
able toxicity profile with cases of diarrhea, neutropenia, febrile neutropenia, and
anemia. As for the response to the tumor, the protocol promoted a clear circumfer-
ential resection margin in 80% of the patients who were resected.

Barone et al. [156] evaluated the benefits of the FOLFIRI protocol in patients
with colorectal cancer with unresectable liver metastases, showing that surgical
resection of liver metastases after neoadjuvant treatment with the FOLFIRI protocol
brought important results in terms of survival, with median survival results of 31
0.5 months for unresected patients and disease-free survival of 52.2 months for
resected patients.

As for the data regarding the infusion schedule, the administration of irinotecan
with 5-fluorouracil concomitantly is not adequate because they are incompatible
when administered in a Y device. Despite this, irinotecan when administered first
seems to provide a synergistic effect to 5-fluorouracil, increasing DNA damage, and
protocol toxicity seems to be more acceptable when irinotecan is administered first.
As we saw in Sect. 5.2.1.2, leucovorin also potentiates the effects of 5-fluorouracil,
and it should be administered before and as in the FOLFOX protocol (Sect. 5.2.1.3);
because leucovorin is compatible with irinotecan, they can be infused concomitant,
with this, reducing the length of stay of the patient in the chemotherapy sector [151,
154, 157]. In Fig. 5.9, I present two infusion sequence options that can be used in
the FOLFIRI protocol.
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Fig. 5.9 FOLFIRI protocol infusion sequence. (a) Concomitant infusion of irinotecan with leu-
covorin followed by 5-fluorouracil bolus and 5-fluorouracil continuous infusion. (b) Infusion of
irinotecan followed by administration of leucovorin and finally 5-fluorouracil in bolus and
5-fluorouracil in continuous infusion

5.2.2.4 CAPIRI Protocol (Capecitabine and Irinotecan)

The CAPIRI protocol is based on the combination of capecitabine and irinotecan
as palliative therapy in patients unsuitable for FOLFIRI therapy in metastatic
colorectal cancer [158]. The combination between capecitabine and irinotecan
demonstrated a synergistic effect in vitro, showing that the association was much
more active than the drugs alone against tumor models of colon cancer, salivary
gland, and hypopharyngeal squamous cell carcinoma. The synergistic effects
appear to be tumor dependent and independent of p53 expression [159, 160].
Despite the synergistic effects, the drugs have a pharmacokinetic interaction and
need to be activated by the enzyme carboxylesterases, where capecitabine can
induce the delayed conversion of irinotecan into SN-38 (active metabolite) [160,
161]. However, according to Goel et al. [160], the combination appears to be safe
and well tolerated.

Czejka et al. [161] in a pharmacokinetic study in patients with advanced colorec-
tal cancer found that capecitabine did not change the plasma disposition of irinote-
can during treatment with the CAPIRI protocol, but there was a decrease in SN-38
plasma concentrations in the first 3 h after initiation of irinotecan infusion, with
time-dependent differences in concentration. Despite this, there was no significant
impact on the pharmacokinetics of irinotecan.

According to the study by Tewes et al. [162], the CAPIRI protocol as the first line
in metastatic colorectal cancer promoted a response rate of 38% with a median
response duration of 8.7 months, proving to be a protocol with significant therapeu-
tic efficacy, in addition to controllable toxicity. The CAPIRI protocol is based on the
infusion of irinotecan on the first day followed by oral administration of capecitabine
twice daily for 14 days (Fig. 5.10) [163].
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5.2.2.5 CAPIRIB Protocol (Capecitabine, Irinotecan, and Bevacizumab)

With the efficacy results important of the CAPIRI protocol, some studies have
invested in analyzing the efficacy of the combination with bevacizumab. Therefore,
the CAPIRIB protocol has been indicated for the treatment of advanced colorectal
cancer [164-168]. As we saw in Sect. 5.2.2.1, bevacizumab is a monoclonal anti-
body that acts specifically on VEGF binding, where the combination with
capecitabine and irinotecan has brought benefits for the treatment of colorectal can-
cer, being a well-tolerated regimen with effective control tumor growth, with rare
severe toxic effects [130, 164, 165, 169].

Behourah, Bousahba, and Djellali [170] evaluated the use of the CAPIRIB pro-
tocol in patients with previously untreated metastatic colorectal cancer. The authors
noted that the protocol led to a median overall survival of 20.8 months and a
12-month progression-free survival rate of 44.2%. As for the toxicity profile, the
patients had diarrhea, neutropenia, asthenia, vomiting, and refeeding syndrome.

In a phase II study, Garcia-Alfonso et al. [171] used the combination of
capecitabine and biweekly irinotecan with bevacizumab as therapy for metastatic
colorectal cancer. The results showed that the protocol was effective and tolerable,
with a progression-free survival time of 11.9 months, overall survival of 24.8 months,
overall response rate of 51%, and disease control rate of 84%. The main adverse
events were similar to the study by Behourah, Bousahba, and Djellali [170], with
cases of asthenia, diarrhea, and neutropenia.

The benefits of the CAPIRIB protocol were also demonstrated in the study by
Garcia-Alfonso et al. [172] with an overall response rate of 67.4%, disease control
rate of 93.5%, progression-free survival of 12.3 months, and overall survival of
23.7 months, with toxic effects similar to previous studies with asthenia, diarrhea,
nausea, and vomiting.

As for possible drug interactions, according to Denlinger et al. [173], bevaci-
zumab does not affect the pharmacokinetics of irinotecan, with normal plasma con-
centrations of irinotecan and its active metabolite SN-38 when compared when
given alone or in combination with bevacizumab. Because bevacizumab is a target-
targeted drug, it is ideally given first, followed by irinotecan, and finally capecitabine
orally for 14 days (Fig. 5.11) [174, 175].
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Fig. 5.11 Schedule of administration of the CAPIRIB protocol with oral administration of
capecitabine
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Fig. 5.12 Schedule of administration of the CAPOXB protocol with oral administration of
capecitabine

5.2.2.6 CAPOXB Protocol (Oxaliplatin, Bevacizumab, and Capecitabine)

The CAPOXB protocol is based on a combination of oxaliplatin, bevacizumab, and
capecitabine for the treatment of advanced colorectal cancer [176, 177]. Gruenberger
et al. [178] evaluated the use of the CAPOXB protocol as neoadjuvant therapy in
patients with metastatic colorectal cancer, showing that the use of bevacizumab
5 weeks before liver resection is safe in patients with metastatic colorectal cancer
without increasing the rate of surgical complications or healing of wounds or sever-
ity of bleeding.

Feliu et al. [179] also report the benefits of the CAPOXB protocol in elderly
patients with metastatic colorectal cancer, being effective and well tolerated with a
time to progression of 11.1 months, overall survival of 20.4 months, and an overall
response rate of 46%. The most frequent adverse events were the same presented by
other protocols such as diarrhea and asthenia.

Munemoto et al. [180] presented the feasibility of using the CAPOXB protocol
in elderly patients aged at least 75 years with metastatic colorectal cancer. The
authors reported a progression-free survival time of 11.7 months and median overall
survival of 22.9 months. The response rate was 55.6%, and disease control was
91.7%. The main toxicities were cases of neutropenia and neuropathy.

So far, there are no reports of drug interactions between bevacizumab and
schedule-dependent oxaliplatin, so the CAPOXB protocol infusion order is more
appropriate starting with bevacizumab, which is a target-targeted drug, followed by
oxaliplatin and capecitabine via oral for 14 days (Fig. 5.12) [181, 182].
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Fig. 5.13 Infusion sequence of the FOLFIRIB protocol

5.2.2.7 FOLFIRIB Protocol (5-Fluorouracil, 5-Fluorouracil
in Continuous Infusion, Leucovorin, Irinotecan,
and Bevacizumab)

Another protocol for the treatment of advanced colorectal cancer is the FOLFIRIB
protocol, which is based on a combination of the FOLFIRI protocol (Sect. 5.2.2.3)
plus bevacizumab [183, 184]. According to Deng et al. [185], the inclusion of beva-
cizumab in the FOLFIRI protocol for the second-line treatment of metastatic
colorectal cancer led to a response rate of 31% and a controlled disease rate of
76.4%. Median progression-free survival was 6 months and overall survival was
17 months. The protocol also showed tolerable toxicity, with cases of neutropenia.

The FOLFIRIB protocol has also been shown to be effective in treating patients
with metastatic colorectal cancer who have been treated with regimens containing
oxaliplatin [186]. Moriwaki et al. [186] demonstrated that in this group of patients
the protocol promoted a progression-free survival of 7.8-8.3 months, overall sur-
vival of 16.5-21.6 months, and an overall response rate of 25-29%.

Hurwitz et al. [183], as well as other studies, also proved the benefits of the
FOLFIRIB protocol in patients with metastatic colorectal cancer, with results of
median survival duration of 20.3 months, progression-free survival of 10.6 months,
and mean duration of response of 10.4 months. The results of Hurwitz et al. [183]
highlighted the improvement in the treatment of metastatic colorectal cancer with
the addition of bevacizumab with the FOLFIRI protocol. Fyfe et al. [187] highlight
that the FOLFIRIB protocol brought benefits in the survival of patients with meta-
static colorectal cancer.

In a phase IV study, Sobrero et al. [188], as well as other studies, highlight the
efficacy and safety of the FOLFIRIB protocol, showing a progression-free survival
of 11.1 months, overall survival of 22.2 months, an overall response rate of 53.1%,
and control rate 85.6% of the disease. As for toxicity, the vast majority of adverse
events were manageable with cases of neutropenia, venous thromboembolic events,
diarrhea, and fatigue. Regarding the infusion sequence of the FOLFIRIB protocol,
it is similar to the infusion sequence of the FOLFIRI protocol but starts the infusion
with bevacizumab (Fig. 5.13) [189].

5.2.2.8 FOLFIRIPAN Protocol (5-Fluorouracil, Leucovorin, Irinotecan,
and Panitumumab)

The FOLFIRI protocol can also be combined with the drug panitumumab for the
treatment of advanced colorectal cancer. Panitumumab is also a monoclonal anti-
body that acts by binding to the EGFR ligand-binding domain, which is the same
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target as cetuximab. The toxicity profile of panitumumab is similar to that of cetux-
imab with the main side effects being acneiform rash and diarrhea, which can also
cause allergic or anaphylactic reactions [190-194].

Berlin et al. [195] and Berlin et al. [196] evaluated the use of the FOLFIRIPAN
protocol as a first-line treatment for metastatic colorectal cancer, showing it to be
well tolerated and with promising activity. Results showed a response rate of 42%,
disease control rate of 79%, median progression-free survival of 10.9 months, and
median overall survival of 22.5 months. The main toxicity was diarrhea in 25% of
patients.

Efficacy results of the FOLFIRIPAN protocol were also observed by Kohne et al.
[197], being more favorable to patients with wild-type KRAS metastatic colorectal
cancer, with an objective response rate of 56%, response duration of 13 months, and
progression-free survival of 8.9 months. As for the toxicity profile, it was similar to
other protocols with tegumentary toxic effects, diarrhea, and oral stomatitis/muco-
sitis. More recently, Pietrantonio et al. [198] compared the use of panitumumab in
monotherapy and the combination with 5-fluorouracil and leucovorin in patients
with RAS wild-type metastatic colorectal cancer. The use of panitumumab as mono-
therapy was inferior to panitumumab combined with 5-fluorouracil and leucovorin
with 10-month progression-free survival outcomes of 49% and 59.9%, respectively.

In a phase 3 study, Peeters et al. [199] evaluated the benefits of the FOLFIRIPAN
protocol as a second-line treatment for metastatic colorectal cancer. In patients with
wild-type KRAS gene, the protocol induced a significant increase in progression-
free survival, as demonstrated by Pietrantonio et al. [198], at 6.7 months and overall
survival of 14.5 months, with a response rate of 36%. As for the infusion sequence,
it is similar to the FOLFIRIB protocol, starting the infusion with the monoclonal
antibody due to its specific action, highlighting the importance of evaluating the risk
of developing allergic reactions due to the use of the monoclonal antibody
(Fig. 5.14) [200].

5.2.2.9 FOLFOXB Protocol (Oxaliplatin, Leucovorin, 5-Fluorouracil,
5-Fluorouracil in Continuous Infusion, and Bevacizumab)

As with the FOLFIRI protocol, there is also a combination of the FOLFOX protocol
with bevacizumab for the treatment of metastatic colorectal cancer [201, 202]. The
effectiveness of the FOLFOXB protocol is similar to the effectiveness of the
CAPOXB protocol, being highlighted in the study by Buchler et al. [203], who,
when comparing these two protocols, observed a median overall survival of
27 months for FOLFOXB and 30.6 months for CAPOXB and progression-free sur-
vival of 11.4 months for FOLFOXB and 11.5 months for CAPOXB.
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Fig. 5.15 Infusion sequence of the FOLFOXB protocol

Giantonio et al. [204] report that the FOLFOXB protocol improved the duration
of survival in patients with previously treated metastatic colorectal cancer, resulting
in progression-free survival of 7.3 months and an overall response rate of 22.7%. In
a phase II multicenter study, Emmanouilides et al. [205] evaluated the effectiveness
of the FOLFOXB protocol as a first line in metastatic colorectal cancer. The authors
observed that the protocol promoted a complete response of 15.1% and a partial
response of 52.8%. As for toxic effects, cases of neutropenia, febrile neutropenia,
diarrhea, and neurotoxicity have been reported.

The FOLFOXB protocol also seems to benefit patients when combined with
hyperthermia, where Ranieri et al. [206] report that the combination promoted a
progression-free survival prolongation of 2.7 months compared with standard treat-
ment without profound electrohypertemia, with progression-free survival of
12.1 months, and overall survival of 21.4 months.

Regarding the infusion schedule of the FOLFOXB protocol, it is similar to the
infusion of the FOLFIRIB protocol (Sect. 5.2.2.7) starting with bevacizumab fol-
lowed by oxaliplatin and other drugs as shown in Fig. 5.15 [207].

5.2.2.10 FOLFOXPAN Protocol (Oxaliplatin, 5-Fluorouracil,
5-Fluorouracil in Continuous Infusion, Leucovorin,
and Panitumumab)

The combination of FOLFOX with panitumumab has also shown good results for
the treatment of advanced colorectal cancer. Douillard et al. [208] evaluated the
efficacy of the FOLFOXPAN protocol in colorectal cancer with RAS mutations.
The authors noted that the protocol promoted a progression-free survival of
10.1 months and overall survival of 26 months. The authors highlight that patients
with colorectal cancer without RAS mutations had better overall survival outcomes
with the FOLFOXPAN protocol.

The FOLFOXPAN protocol may be an option in patients with wild-type RAS
due to the addition of panitumumab. The study by Lonardi et al. [209] found that the
combination promoted a progression-free survival of 9.6 months and a response rate
of 65%. Regarding the toxicity profile, the most prevalent adverse events were neu-
tropenia, diarrhea, stomatitis, neurotoxicity, fatigue, skin rash, and
hypomagnesemia.

As for the infusion sequence of the FOLFOXPAN protocol, as well as the
FOLFIRIPAN protocol (Sect. 5.2.2.8), it starts the infusion with panitumumab, as it
is the monoclonal antibody, acting in a target-directed manner (Fig. 5.16) [210].
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5.3 Pathophysiology of Esophageal and Stomach Cancers

Esophageal and stomach cancers are one of the most prevalent gastrointestinal can-
cers (Fig. 5.1) and are also the most lethal malignancies worldwide. The increased
incidence of esophageal cancer seems to be related to an increased incidence of
adenocarcinoma, being more prevalent in men. Gastric cancer is one of the most
common cancers of the gastrointestinal tract worldwide, where its prevalence varies
according to geographic location, being more common in Japan, Korea, and in
regions of South and Central America. Like esophageal cancer, gastric cancer is
also more prevalent in men [12, 211, 212].

Esophageal cancer is classified according to histological subtype into squamous
cell carcinoma or adenocarcinoma (Fig. 5.17) [212-214]. The esophagus is lined
with nonkeratinized stratified squamous epithelium; differentiation into these cells
can lead to the development of squamous cell carcinoma, which develops in the
upper and middle part of the esophagus [213, 215-217].

Adenocarcinoma results from intestinal epithelial metaplasia and is secondary to
chronic gastroesophageal reflux. This type of tumor develops in the dysplastic
columnar epithelium, starting in glandular cells, responsible for the production of
mucus in the lower part of the esophagus, mainly at the esophagogastric and cardia
junction [218-222]. The esophageal tumor can be located in the epithelium, as well
as in an advanced stage, it can grow in the pleura or diaphragm and spread to lymph
nodes, trachea, aorta, spine, and among other organs and/or tissues [223-225].

Gastric cancer refers to a neoplasm that develops in the region that extends
between the gastroesophageal junction and the pylorus. Gastric cancer has two his-
tological types described by the World Health Organization with distinct clinical
entities, namely intestinal and diffuse. Well-differentiated intestinal cancer presents
cohesive neoplastic cells, with tubular structures similar to glands that usually ulcer-
ate, while the poorly differentiated, diffuse type is characterized by infiltration and
thickening of the stomach wall without the formation of a discrete mass. Some
patients can have mixed gastric carcinoma with both intestinal and diffuse compo-
nents [226-229].

Invasive gastric carcinoma develops from a gradual evolution, with a cumulative
series of genetic alterations, with sequential histopathological changes in the gastric
mucosa including atrophic gastritis leading to a loss of parietal cell mass, intestinal
metaplasia, and dysplasia, and finally in the development of the carcinoma. In addi-
tion to genetic alterations, the development of gastric polyps due to the use of non-
steroidal anti-inflammatory drugs or drugs that inhibit the proton pump can also
induce the development of gastric cancer [228, 230-234]. Figure 5.18 shows the
growth patterns of advanced gastric cancer.
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Fig. 5.17 Histological subtypes of esophageal cancer. Source: Created with BioRender.com
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Fig. 5.18 Growth pattern of advanced gastric cancer. (a) Polypoid, (b) ulcerated, and (c) infiltra-
tive. (Source: Created with BioRender.com)

5.3.1 Chemotherapy for the Treatment of Esophageal
and Stomach Cancer

The treatment of esophageal and stomach cancer was based on the use of chemo-
therapy, surgery, radiotherapy, and targeted therapy. As for chemotherapy, it can be
neoadjuvant (before the surgical approach), adjuvant (after the surgical procedure),
and palliative chemotherapy, in cases of more advanced cancers with the presence
of metastases in other organs [235-239]. Chemotherapy can be based on drug
administration as monotherapy with docetaxel, palliative treatment of metastatic
esophagogastric adenocarcinoma, trastuzumab in the palliative treatment of meta-
static or inoperable adenocarcinoma, locally advanced gastric or gastroesophageal
adenocarcinoma, and among other antineoplastic agents [240-244].
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As for combinations, some protocols that are used in the treatment of colorec-
tal cancer can also be indicated for gastric and esophageal cancers, such as the
CAPOX protocol that combines oxaliplatin and capecitabine (Sect. 5.2.1.1), the
FOLFIRI protocol (Sect. 5.2.2.3), which is indicated in second-line palliative
therapy for metastatic gastric or esophageal adenocarcinoma, and the FOLFOX
protocol (Sect. 5.2.1.3), which is indicated in the treatment of gastric and esopha-
geal cancers and may be associated with radiotherapy in the treatment of esopha-
geal cancer locally advanced [245-248]. In the following topics, we will approach
some protocols [65, 67, 68] indicated for the therapy of esophageal and stomach
cancers.

5.3.1.1 FOLFOXT Protocol (Oxaliplatin, 5-Fluorouracil, 5-Fluorouracil
in Continuous Infusion, Leucovorin, and Trastuzumab)

In addition to combining the FOLFOX protocol with radiotherapy, this protocol can
also be combined with trastuzumab in the palliative treatment of HER-2 positive
metastatic or locally advanced gastric or esophageal adenocarcinoma. We discussed
in Chap. 4 that some breast cancers have overexpression of HER?2 receptors and that
is why these patients were indicated for treatment with targeted therapy. Gastric,
esophageal, or gastroesophageal adenocarcinoma may also have HER2-positive
receptors, and for these patients, the use of targeted therapy has been indicated, as
in the case of trastuzumab [249-252]. The inclusion of trastuzumab in the treatment
of gastric or esophageal cancer has been associated with significant improvement in
progression-free survival and overall survival [253, 254].

Soularue et al. [255] highlighted the efficacy and safety of combining oxaliplatin
with 5-fluorouracil and trastuzumab in the treatment of HER2-positive metastatic
gastric adenocarcinoma and adenocarcinoma of the gastroesophageal junction. The
authors observed an overall response rate of 41%, with a median duration of treat-
ment of 7.5 months, median progression-free survival of 9 months, and overall sur-
vival of 17.3 months. The protocol was well tolerated, presenting neutropenia and
neuropathy as the main toxicity.

Regarding the order of infusion, the ideal is to start with trastuzumab as it is
target directed, followed by the standard sequence of the FOLFOX protocol pre-
sented in Sect. 5.2.1.3, followed by the infusion of oxaliplatin, leucovorin, and
5-fluorouracil (Fig. 5.19) [256].
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Fig. 5.19 FOLFOXT protocol infusion sequence
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Fig. 5.20 FLOT protocol infusion sequence

5.3.1.2 FLOT Protocol (Oxaliplatin, 5-Fluorouracil, Leucovorin,
and Docetaxel)

The combination of the FLOX protocol (oxaliplatin, 5-fluorouracil, and leucovo-
rin) with docetaxel has also been indicated for the perioperative treatment of
resectable adenocarcinoma of the stomach, gastroesophageal junction, or 1/3
lower esophagus [257-260]. Pernot et al. [261] evaluated the combination in the
first-line treatment of advanced gastric cancer and adenocarcinoma of the gastro-
esophageal junction. The authors noted that the protocol was safe and effective,
with a response rate of 66%, progression-free survival of 6.3 months, and overall
survival of 12.1 months, with tolerable toxicity in cases of neutropenia and
neuropathy.

In a phase II study, Al-Batran et al. [262] evaluated the combination of FLOX
with docetaxel in metastatic adenocarcinoma of the stomach or gastroesophageal
junction. The toxicities induced by the combination were cases of leukopenia, neu-
tropenia, anemia, febrile neutropenia, peripheral neuropathy, nausea, vomiting,
diarrhea, and fatigue. According to Rosenberg et al. [258], the combination of modi-
fied FLOX with docetaxel showed high activity in advanced gastric cancer. The
results showed an overall response rate of 73.2%, overall survival of 10.3 months,
and the toxicity profile was similar to other studies with cases of neutropenia, diar-
rhea, and neurological toxicity.

Wang et al. [259] observed the effectiveness of the FLOT protocol in patients
with locally advanced gastric cancer, noting that the protocol promoted a 3-year
survival rate of 30.9-58.7%, showing that the use of the protocol in the preoperative
period is safe and viable. The infusion sequence of the FLOT protocol starts with
the infusion of docetaxel, which is a specific cycle drug and presents an irritant and/
or vesicant characteristic, and then continues with the infusion of oxaliplatin, leu-
covorin, and 5-fluorouracil (Fig. 5.20) [263].

5.3.1.3 CTRT Protocol (Carboplatin, Paclitaxel, and Radiotherapy)

Another protocol indicated for the neoadjuvant treatment of esophageal and gastro-
esophageal carcinomas is the CTRT, which is based on a combination of carbopla-
tin, paclitaxel, and radiotherapy. The combination of chemotherapy and radiotherapy
has been a standard of care for locally advanced cancer of the esophagus or gastro-
esophageal junction, and the combination of paclitaxel with carboplatin and radio-
therapy has stood out in the neoadjuvant treatment of squamous esophageal cancer
and adenocarcinoma [264—267]. According to Platz et al. [265], the CTRT protocol
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in the treatment of esophageal/gastroesophageal carcinoma promoted a complete
pathological response in 38% of patients, being well tolerated.

van Hagen et al. [268] evaluated the effectiveness of the CTRT protocol in the
preoperative treatment of esophageal or junctional cancer. The authors noted that
the main toxic effects were similar to other chemotherapy protocols in inducing
leukopenia, neutropenia, fatigue, and anorexia. The protocol showed a complete
pathological response in 29% of patients and overall survival of 49.4 months.

One of the advantages of the combination of paclitaxel and carboplatin is in the
reduction of antiplatelet toxicity induced by carboplatin; in addition, when com-
bined, they have additive antitumor activity [269]. As for the infusion sequence, it
starts with the infusion of paclitaxel followed by carboplatin combined with radio-
therapy for 5 days a week (Fig. 5.21) [270, 271].

5.3.14 FUC Protocol (5-Fluorouracil and Cisplatin)

The FUC protocol is a combination of cisplatin and 5-fluorouracil and is indicated
as palliative therapy for upper gastrointestinal cancer (gastric, esophageal, gallblad-
der carcinoma, and cholangiocarcinoma) and metastatic anal cancer [272]. Cisplatin
is part of the class of platinum compounds, being one of the most used drugs in the
treatment of cancer, acting as an alkylating agent, binding to DNA with the forma-
tion of adducts, forming intra- and interchain bonds, thereby inducing structural
changes. Therefore, cisplatin induces the inhibition of DNA transcription and repli-
cation, leading the cell to apoptosis. As for dermatological toxicity, cisplatin may
present irritating or vesicant characteristics depending on the amount of extrava-
sated drug [273-278].

The combination of cisplatin with 5-fluorouracil induce drug interactions that
will depend on the infusion time of 5-fluorouracil, where when infused for 2 h it
appears to have antagonistic effects and when infused within 24 h the combination
appears to be more active, with cytotoxicity synergistic that may be related to a
greater degree of fragmentation of nascent and parental DNA [279-281]. According
to Nishiyama et al. [282], low doses of cisplatin combined with continuous infusion
of 5-fluorouracil reduces the increase in gene expression related to the resistance of
these drugs and induces synergistic cytotoxic effects in gastrointestinal cancer cells.

Levard et al. [283] evaluated the efficacy of the combination 5-fluorouracil and
cisplatin in the palliative treatment of advanced esophageal squamous cell carci-
noma, but the combination was not effective for this type of tumor, which induced
an increase in neurological complications. According to Steber et al. [284], the com-
bination of cisplatin and 5-fluorouracil had similar results with the combination of
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carboplatin and paclitaxel in the preoperative treatment of esophageal cancer in
terms of overall survival and progression-free survival.

The indication of the combination of 5-fluorouracil and cisplatin seems to bring
good results when administered preoperatively with response rates of 14—64% with
complete resection performed in 47-80% of cases, with mean survival numbers of
8—23 months [285]. The FUC protocol is based on the infusion of cisplatin followed
by a continuous infusion of 5-fluorouracil (Fig. 5.22) [272, 286].

5.3.1.5 CCAPRT Protocol (Cisplatin, Capecitabine, and Radiotherapy)

The CCAPRT protocol combines cisplatin with capecitabine and radiotherapy in
the adjuvant treatment of completely resected gastric cancer. The combination of
capecitabine and cisplatin appears to have a synergistic effect in vitro [287, 288].
Kim et al. [289], in a phase II study, evaluated the efficacy of the combination of
cisplatin and capecitabine in advanced gastric cancer. As a result, the authors
observed an overall response rate of 54.8%, the median time to progression of
6.3 months, and overall survival of 10.1 months. As toxic effects, neutropenia,
hand-foot syndrome, thrombocytopenia, stomatitis, and diarrhea were observed.

In a phase III study, Lee et al. [287] compared the efficacy of the combination of
cisplatin and capecitabine with or without associated radiotherapy, where they
observed that the inclusion of radiotherapy does not seem to promote a significant
reduction in recurrence after curative resection and lymph node dissection in com-
pletely resected gastric cancer. According to Zhi et al. [290], chemoradiotherapy in
the treatment of gastric cancer in patients with lymph node metastasis provides a
better prognosis compared to the isolated surgical approach. The combination of
capecitabine and cisplatin is indicated for postoperative treatment after D2 lymph
node dissection [291].

Ustaalioglu et al. [292] observed that the CCAPRT protocol was well tolerated
and less toxic when compared to the combination of 5-fluorouracil and leucovorin
with radiotherapy in the adjuvant treatment of locally advanced lymph node-positive
gastric cancer.

Regarding the administration schedule of the CCAPRT protocol, cisplatin is
infused on the first day with oral administration of capecitabine for 21 days associ-
ated with radiotherapy (Fig. 5.23) [293]
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For 21 days

Fig. 5.23 Schedule of administration of the CCAPRT protocol with oral administration of
capecitabine
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For 14 days

Fig. 5.24 Schedule of administration of the CCAPT protocol with oral administration of
capecitabine

5.3.1.6 CCAPT Protocol (Cisplatin, Capecitabine, and Trastuzumab)

The combination of cisplatin, capecitabine, and trastuzumab is also an alternative in
the palliative treatment of esophageal or metastatic or locally advanced gastric ade-
nocarcinoma, gastroesophageal, or esophageal junction with HER2 overexpression
[239, 294-297]. The combination between capecitabine, cisplatin, and trastuzumab
does not seem to suffer pharmacokinetic interactions. According to the study by
Satoh et al. [293], the pharmacokinetic profile of capecitabine combined was con-
sistent with the profile of the drug alone.

The inclusion of trastuzumab combined with cisplatin and capecitabine has been
shown to be effective in the treatment of advanced gastric cancer or HER2-positive
gastroesophageal junction [298, 299]. The study by Bang et al. [298] found that the
combination led to an increase in median overall survival from 11.1 months to
13.8 months. Regarding the CCAPT protocol administration schedule, the adminis-
tration of the monoclonal antibody trastuzumab initiates the protocol due to its
target-directed action, followed by cisplatin and oral administration of capecitabine
for 14 days (Fig. 5.24) [300].

5.3.1.7 CFUT Protocol (Cisplatin, 5-Fluorouracil, and Trastuzumab)

Trastuzumab combined with cisplatin and 5-fluorouracil has been indicated for the
palliative treatment of locally advanced metastatic or inoperable adenocarcinoma of
the gastric or gastroesophageal junction. As with other protocols that include tar-
geted therapy with trastuzumab, patients need to have HER2 receptor overexpres-
sion to be eligible [301-303].
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As we saw in Sect. 5.3.1.4, the infusion of 5-fluorouracil for a long time favors
the synergistic cytotoxic effects with cisplatin; thus, in this protocol, 5-fluorouracil
is administered by continuous infusion over 24 h [279, 280, 281]. As for the infu-
sion sequence, the protocol starts with trastuzumab followed by cisplatin and finally
the infusion of 5-fluorouracil in continuous infusion (Fig. 5.25) [303, 304].

5.3.1.8 CAPOXT Protocol (Capecitabine, Oxaliplatin, and Trastuzumab)

The combination of the CAPOX protocol with trastuzumab has been used for the
palliative treatment of esophageal or metastatic or locally advanced gastric adeno-
carcinoma, a gastroesophageal or esophageal junction that present HER2 receptor
overexpression [305-307]. Ryu et al. [308] evaluated the use of the combination of
trastuzumab, capecitabine, and oxaliplatin in the treatment of advanced gastric can-
cer. The use of the protocol in this group of patients promoted a response rate of
67%, with a progression-free survival of 9.8 months and overall survival of
21 months. Regarding the toxicity profile, the main ones were neutropenia, anemia,
and peripheral neuropathy.

In a HER2-positive receptor gastric cancer xenograft model, Harada et al. [309]
verified the antitumor activity of the CAPOXT protocol. As a result, the authors
noted that the combination demonstrated significantly stronger activity compared to
trastuzumab treatment or the CAPOX protocol alone. The interaction of trastu-
zumab with capecitabine increases the expression of thymidine phosphorylase,
which is responsible for generating 5-fluorouracil from the metabolism of
capecitabine, which may increase its cytotoxic activity.

Gong et al. [310] evaluated the effectiveness of the CAPOXT protocol as a first-
line treatment in HER2-positive advanced gastric cancer. The protocol promoted a
response rate of 66.7%, with a progression-free survival of 9.2 months and overall
survival of 19.5 months, with toxic effects that included thrombocytopenia, neutro-
penia, anemia, and leukopenia.

In a more recent study, Rivera et al. [311] evaluated the effect of the CAPOXT
protocol in the perioperative period in patients with resectable gastric or HER2-
positive gastroesophageal junction adenocarcinoma. As a result, 38% of patients
achieved a partial response and 50% had stable disease, with overall survival of
60 months of 58%. As for the toxicity profile, the main toxic effects were diarrhea,
nausea, and vomiting.

Regarding the infusion schedule, it starts with trastuzumab, which acts specifi-
cally on HER2 receptors, followed by oxaliplatin and oral administration of
capecitabine for 14 days (Fig. 5.26) [306, 312].
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Fig. 5.26 Schedule of administration of the CAPOXT protocol with oral administration of
capecitabine

5.3.1.9 RAMP Protocol (Paclitaxel and Ramucirumab)

The RAMP protocol is based on the combination of paclitaxel and ramucirumab
and is indicated as second-line therapy for metastatic or locally advanced gastric
cancer or gastroesophageal junction cancer [313-315]. Ramucirumab is a monoclo-
nal antibody that acts on the vascular endothelial growth factor 2 (VEGFR2) recep-
tor, blocking its activation and thereby inhibiting neovascularization and tumor
growth, and is indicated for the treatment of advanced gastric or gastric cancers
after the use of fluoropyrimidines or platinum [316-318].

Ramucirumab can be used alone or combined with paclitaxel. The concomitant
administration of ramucirumab with paclitaxel does not seem to present pharmaco-
kinetic interactions. According to Chow et al. [319], it is unlikely that the concomi-
tant administration of these drugs affects the pharmacokinetics of both drugs, as
well as the incidence and severity of adverse events, which were consistent with the
safety profile of the drugs when administered alone.

According to Refolo et al. [320], the combination of ramucirumab and paclitaxel
have synergistic action on gastric cancer cell lines, where ramucirumab was able to
increase the inhibitory action of paclitaxel on cell cycle progression, as well as on
the expression of proteins responsible for cell motility, organization of microtu-
bules, and epithelial-mesenchymal transition. In addition, the combination also pro-
moted synergistic inhibition in VEGFR2 expression, demonstrating the benefits of
the combination in the treatment of gastric cancer.

Zang et al. [315] evaluated the use of the RAMP protocol in the second-line
treatment of patients with advanced gastric or gastroesophageal junction adenocar-
cinoma. This study showed that the combination promoted a response rate of 15.1%,
disease control rate of 57.7%, progression-free survival of 4.03 months, and overall
survival of 10.3 months. As for the toxic effects, the patients had neutropenia, ane-
mia, neuropathy, fatigue, and anorexia. The results evidence the protocol’s effec-
tiveness in treating patients with locally advanced metastatic or unresectable gastric
adenocarcinoma.

Vita et al. [321] evaluated the use of the combination of ramucirumab and pacli-
taxel in patients with gastric cancer who had previously received trastuzumab. The
results of the study showed that the combination was superior to the use of ramuci-
rumab alone, with overall survival results of 11.4 months, longer progression-free
survival, and a manageable safety profile. As for the infusion sequence, the infusion
of ramucirumab should be before the infusion of paclitaxel (Fig. 5.27) [322].
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For 21 days

Fig. 5.28 Schedule of administration of the ECCAP protocol with oral administration of
capecitabine

5.3.1.10 ECCAP Protocol (Epirubicin, Cisplatin, and Capecitabine)

Another combination used in the perioperative treatment of resectable adenocarci-
noma of the stomach, gastroesophageal junction, or lower 1/3 of the esophagus is an
association between epirubicin, cisplatin, and capecitabine [323, 324]. The superi-
ority of the ECCAP protocol in the treatment of advanced gastric cancer was
observed by Ocvirk et al. [325] compared to the combination of epirubicin, cispla-
tin, and 5-fluorouracil. The ECCAP protocol showed an objective response rate of
30% and a disease control rate of 73%. The overall survival was 8.3 months, and the
time to progression was 6 months. The toxicity profile was similar to other proto-
cols, with cases of neutropenia, fatigue, vomiting, nausea, and anemia.

ECCAP protocol efficacy results were also presented in the study by Evans et al.
[326] in the treatment of patients with inoperable esophagogastric adenocarcinoma.
The protocol was tolerable, with esophagitis, diarrhea, neutropenia, stomatitis, and
thrombocytopenia as toxic effects. The response rate was 24%, progression-free
survival 22 weeks, and overall survival 34 weeks. Also according to the study by
Evans et al. [326], the combination did not influence the pharmacokinetic profile of
capecitabine, being rapidly absorbed after administration and with plasma concen-
trations of its metabolites similar to the results presented in monotherapy with
capecitabine.

In a phase II study, Cho et al. [327] evaluated the efficacy of the ECCAP protocol
in metastatic gastric cancer. The use of this protocol in advanced gastric cancer
promoted an overall response rate of 59%, with a mean duration of response of
5.8 months and time to progression of 6 months. As for the toxicity profile, cases of
neutropenia, febrile neutropenia, nausea, vomiting, and stomatitis were observed.
Regarding the infusion schedule, epirubicin is initially infused as it is a vesicant
drug, followed by cisplatin, and finally capecitabine is administered orally for
21 days (Fig. 5.28) [328, 329].
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5.4 Pathophysiology of Pancreatic, Biliary Tract,
and Gallbladder Cancers

Pancreaticobiliary cancers account for about 4-5% of all cancers, but they tend to
be more aggressive with a high mortality rate, accounting for nearly 6% of cancer-
related deaths. Pancreatic cancer is more common in Western countries and pre-
dominant in men and blacks, with twice the risk for smokers and diabetic patients.
On the other hand, cancer of the biliary tract is highest in Latin Americans and
American Indians, being more common in women worldwide except Chinese and
Japanese [330, 331].

Biliary tract cancer starts in the biliary epithelium of the small intrahepatic ducts
and the main hilar (extrahepatic) ducts (Fig. 5.29). Bile tract cancer can develop in
any region of the bile duct, where its classification is based on where primary cancer
started, for example, when cancer starts in the bile duct in the liver is called intrahe-
patic cancers and when that start in the ducts outside the liver are called extrahepatic
cancers [332-335].

Cancers of the gallbladder, ampoules, and pancreatic bile ducts are part of extra-
hepatic biliary tract cancers. Gallbladder cancer starts in the inner layer of the gall-
bladder mucosa and spreads to the outer layers. Gallbladder cancer is classified
according to the type of cells it affects, and adenocarcinomas are the most common
to which they affect the cells of the gland that lines the gallbladder. Adenocarcinomas
can be subclassified into non-papillary adenocarcinomas, which are the most com-
mon, and papillary and mucinous adenocarcinomas [334, 336-340].

Regarding pancreatic cancer, it develops in the pancreas, being mainly exocrine
tumors including adenosquamous, colloid, acinar cell, signet ring cell, pancreato-
blastoma, cystadenocarcinoma, and hepatoid carcinomas, in which the most fre-
quent cancer of the pancreas is adenocarcinoma ductal. Pancreatic cancer tends to
arise in the head of the pancreas (Fig. 5.30) and is commonly seen in patients with
pancreatitis and jaundice due to blockage in the common bile duct that results in
jaundice, thereby leading to symptoms such as nausea, vomiting, dark urine, and
clear stools. Cancers in the body and tail of the pancreas are less frequent and have
a worse prognosis [341-345].

Fig. 5.29 Distribution of —
the biliary tract and
location of the gallbladder.
Source: Created with
BioRender.com
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5.4.1 Chemotherapy for the Treatment of Pancreatic, Biliary
Tract, and Gallbladder Cancers

Pancreatic, biliary tract, and gallbladder cancers are aggressive and highly fatal,
where treatment may be indicated for surgery, radiotherapy, and/or chemotherapy.
Surgery is the only potentially curative therapy, but disease recurrence is frequent.
The use of chemotherapy as monotherapy or even as a combination therapy has
brought benefits in overall survival and relapse-free survival [346-349].

As monotherapy, capecitabine has been indicated in the adjuvant therapy of bili-
ary cancer and in the second-line treatment of metastatic or unresectable pancreatic
adenocarcinoma. Another drug also used as monotherapy is gemcitabine, which is
indicated in adjuvant therapy in pancreatic adenocarcinoma and as palliative ther-
apy in pancreatic adenocarcinoma, gallbladder cancer, and cholangiocarcinoma
[350-352].

Some protocols that are indicated for other types of cancers of the gastrointesti-
nal tract may also be indicated in the treatment of pancreatic, biliary tract, and
gallbladder cancers. The FOLFIRI protocol (Sect. 5.2.2.3) is indicated in the
second-line treatment of metastatic pancreatic cancer, the FOLFOX protocol (Sect.
5.2.1.3) is indicated in palliative therapy for metastatic pancreatic cancer as well as
the FUC protocol (Sect. 5.3.1.4). In the following topics, we will talk about other
protocols also used in the treatment of pancreatic, biliary tract, and gallbladder can-
cers [65, 67, 68, 353-357].

5.4.1.1 GEMCIS Protocol (Gemcitabine and Cisplatin)

The GEMCIS protocol combines cisplatin and gemcitabine in first-line palliative
therapy for advanced gallbladder cancer and cholangiocarcinoma [358-360].
According to Valle et al. [358], the GEMCIS protocol promotes a significant
improvement in progression-free survival and overall survival in the treatment of
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Fig. 5.31 GEMCIS protocol infusion sequence

advanced biliary tract cancer and in the treatment of intra- and extrahepatic cholan-
giocarcinomas and gallbladder cancer.

You et al. [361] evaluated the effectiveness of the GEMCIS protocol in treating
unresectable gallbladder cancer, noting that the protocol promoted a disease control
rate of 59.9%, overall survival of 8.1 months, and progression-free survival of
5.6 months. The results obtained by You et al. [361] demonstrated a high rate of
cancer control with the GEMCIS protocol.

The combination of gemcitabine and cisplatin was associated with a significant
survival advantage in the study by Valle et al. [362], with no added toxicity when
compared to gemcitabine monotherapy in the treatment of biliary tract cancer. The
GEMCIS protocol conferred an overall survival of 11.7 months, a progression-free
survival of 8 months, and a tumor control rate of 81.4%, with adverse events similar
to gemcitabine monotherapy.

In a study of four cases, Lee et al. [363] observed that the GEMCIS protocol can
also be effective in the second-line treatment of intrahepatic cholangiocarcinoma, in
which two patients had a partial response to the treatment and two had stable dis-
ease, with a mean time to progression of 5 months, median survival of 9 months,
and tolerable toxicity. According to Malik et al. [364], the combination of gem-
citabine and cisplatin has been shown to be highly effective in the treatment of
advanced gallbladder cancer. The protocol in these patients achieved an overall
response rate of 64%, with manageable toxicity.

In patients with unresectable biliary tract cancer, Dierks et al. [365] evaluated the
use of the combination of gemcitabine and cisplatin as palliative therapy. As a result,
the authors observed that the protocol proved to be effective and safe in patients
with unresectable biliary tract cancer. As we saw in Chap. 4, gemcitabine is a deox-
ycytidine nucleoside analog, and when combined with cisplatin depending on the
infusion sequence, it can increase the toxicity profile. Thus, the most appropriate
infusion sequence would be starting with gemcitabine followed by cisplatin
(Fig. 5.31), as we saw in Sect. 4.6.2 of Chap. 4 [366-368].

5.4.1.2 FOLFIRINOX Protocol (Irinotecan, Oxaliplatin, 5-Fluorouracil,
5-Fluorouracil in Continuous Infusion, and Leucovorin)

The FOLFOX protocol combined with irinotecan has been used as palliative ther-
apy for advanced pancreatic adenocarcinoma [369, 370]. The FOLFIRINOX proto-
col showed efficacy in the treatment of advanced pancreatic adenocarcinoma, in the
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study by Mota et al. [370], with a response rate of 39.3%, despite having a high
prevalence of toxic effects that included neuropathy, fatigue, and diarrhea.

Berger et al. [369] also evaluated the efficacy of the combination as palliative
therapy for pancreatic adenocarcinoma, proving to be effective with overall survival
of 10.2 months, even with a dose reduction in 57% of patients. According to Zhang
et al. [371], the combination may improve the overall survival rate in patients with
metastatic pancreatic cancer, but it did not show progression-free survival benefits.
Despite this, the FOLFIRINOX protocol brings benefits in the prognosis of patients
with metastatic pancreatic cancer.

In the study by Chllamma et al. [372], the FOLFIRINOX protocol in advanced
pancreatic cancer induced an overall survival of 13.1 months and progression-free
survival of 6.2 months. Regarding toxicity, 43% had hematological adverse events
and 28% had non-hematological adverse events. As for drug interactions, Zoetemelk
et al. [373] highlight the need for an interaction study by proposing a chemotherapy
protocol for a better use of the efficacy of each drug, where administration in clini-
cal doses resulted in antagonistic interactions compared to low doses. The authors
also highlight the synergistic effects between leucovorin and 5-fluorouracil, as well
as the benefits of oxaliplatin or the active metabolite of irinotecan that appear to
sensitize cells to the combination of leucovorin and 5-fluorouracil. As for the infu-
sion sequence, the protocol starts with oxaliplatin followed by irinotecan, leucovo-
rin, and 5-fluorouracil in bolus and continuous infusion (Fig. 5.32) [374].

5.4.1.3 GEMCAP Protocol (Capecitabine and Gemcitabine)

The combination of gemcitabine and capecitabine may be an alternative for adju-
vant treatment for resected pancreatic adenocarcinoma [375, 376]. In a phase I/II
study, Hess et al. [377] evaluated the effectiveness of the GEMCAP protocol in
advanced pancreatic cancer, showing a combination with apparent efficacy and well
tolerated, with toxic effects consisting of myelotoxicity and mucositis.

Kaur et al. [378] found that the combination of gemcitabine and capecitabine
was effective and tolerable in the treatment of resected pancreatic cancer. As a
result, the authors observed an overall survival of 20.2 months and progression-free
survival of 19.3 months. As toxic effects, the protocol induced more hematological
than non-hematological effects.

Neoptolemos et al. [379] compared the GEMCAP protocol with gemcitabine
monotherapy in resected pancreatic cancer. The authors observed that the combina-
tion was superior to gemcitabine monotherapy, with overall survival of 28 months,
with a similar toxicity profile with cases of anemia, diarrhea, fatigue, neutropenia,
hand-foot syndrome, and among others.
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Fig. 5.33 Schedule of administration of the GEMCAP protocol with oral administration of
capecitabine

Regarding the infusion schedule of the GEMCAP protocol, gemcitabine is
infused on the first day, on the eighth day, and the 15th day, and capecitabine are
administered orally twice a day for 21 days, starting on the first day after the infu-
sion of gemcitabine (Fig. 5.33) [380].

5.4.1.4 GEMABR Protocol (Gemcitabine and Nab-Paclitaxel)

The GEMABR protocol combines gemcitabine and nab-paclitaxel (Abraxane) in
the first-line treatment of locally advanced and metastatic pancreatic cancer [381-
384]. Nab-paclitaxel is a drug that is based on paclitaxel in albumin nanoparticles.
The encapsulation of paclitaxel in albumin nanoparticles increases its distribution
among the endothelial cells, thereby promoting the increase in the accumulation of
paclitaxel in the area of the tumor mediated by albumin receptors SPARC (secreted
protein acidic and rich in cysteine) [385-388].

The combination of nab-paclitaxel with gemcitabine increased pancreatic cancer
survival [389]. Von Hoff et al. [389] found that the GEMABR protocol combination
improved overall survival (8.5 months), progression-free survival (5.5 months), and
response rate (35%) in patients with metastatic pancreatic adenocarcinoma.
According to Zhang et al. [383], the combination of nab-paclitaxel and gemcitabine
led to a tumor reduction and an acceptable toxicity profile in metastatic pancreatic
cancer, thereby demonstrating its efficacy and safety.

Petrioli et al. [384] evaluated the effectiveness of the GEMABR protocol fol-
lowed by maintenance treatment with gemcitabine monotherapy in the treatment of
locally advanced or metastatic pancreatic cancer. The authors noted that the proto-
col induced a partial response in 50% of patients, with a 6-month disease control
rate of 61%, progression-free survival of 6.4 months, and overall survival of
13.4 months. As for toxicity, patients had neutropenia, anemia, and
thrombocytopenia.

Zhang et al. [390] evaluated the use of the combination of gemcitabine and
nab-paclitaxel in advanced pancreatic cancer after applying the FOLFIRINOX
protocol as the first line. The authors noted that the use of the GEMABR protocol
as a second line showed modest activity and clinical benefit in the treatment of
advanced pancreatic cancer, with overall survival of 23 weeks and a partial
response rate of 17.9%.
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Fig. 5.34 Infusion sequence of the GEMABR protocol

In another study, Dean et al. [391] verified the effectiveness of retreatment with
the GEMABR protocol as second line for the treatment of advanced pancreatic
adenocarcinoma after using FOLFIRINOX as a second line. As a result, the authors
observed a median overall survival of 18 months, showing that retreatment was
tolerable and effective, with good performance status in patients with advanced pan-
creatic cancer.

Regarding the GEMABR protocol infusion sequence, nab-paclitaxel has been
administered initially followed by gemcitabine infusion (Fig. 5.34). The beginning
of the protocol with nab-paclitaxel may be interesting due to its target-directed
action to albumin receptors on tumor cells promoted by albumin nanoparticles, in
addition to its high binding rate with plasma proteins that favor its distribution fast
[392-394].

5.5 Pathophysiology of Liver Cancer

Liver cancer is the seventh most common cancer in the world, with the highest rates
in Asia and Africa. As for mortality, it is the fourth leading cause of cancer-related
death worldwide, second only to lung, colorectal, and stomach cancers. Liver can-
cer is considered a highly fatal cancer, with the vast majority of cases being detected
in the late stages [395, 396].

Several types of cancers can form in the liver, which includes hepatocellular
carcinoma, intrahepatic cholangiocarcinoma, and hepatoblastoma. The most com-
mon is hepatocellular carcinoma that starts in hepatocytes, from chronic liver dis-
ease, having a strong association with chronic hepatitis B and C virus infections
with other risk factors such as coinfection with hepatitis D, consumption of alcohol,
and smoking. Some genetic mutations can also contribute to the development of
liver cancer, such as mutations in genes for hemochromatosis (HFE), alpha
1-antitrypsin deficiency (SERPINAI), porphyria (HMBS, UROD), tyrosinemia
(FAH), among others [396-398].

Repeated inflammation in the liver favors carcinogenesis, where hepatocellular
carcinoma arises in a cirrhotic liver where repeated inflammation associated with
fibrogenesis predisposes the liver to dysplasia, with the perpetuation of the healing
response activated by the death of parenchymal cells and the inflammatory cascade,
consequently leading to the development of cancer [397, 399, 400]. Fig. 5.35 pro-
vides a schematic of the evolution of liver tissue characteristics in the development
of cancer.
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Fig. 5.35 Tissue evolution in the development of liver cancer. (Source: Created with
BioRender.com)

5.5.1 Chemotherapy for the Treatment of Liver Cancer

The choice of the therapeutic modality for liver cancer will depend on the stage of
cancer, as well as the patient’s clinical condition and age. Treatment modalities
include surgery, embolization therapy, ablation, radiation therapy, target-directed
therapy, immunotherapy, and chemotherapy [26, 401-403]. In potentially resectable
or transplantable liver cancer, the surgical approach can be an alternative curative
treatment, aiming to remove the tumor or in liver transplantation [404, 405].

Some localized treatments are also possible in liver cancer that is potentially
transplantable, intending to keep cancer under control until the time of transplanta-
tion. Ablation is a technique that can be used, which is based on the destruction of
the liver tumor without removing it, which may be by radiofrequency, microwave,
cryotherapy, or ethanol ablation [406, 407]. Another localized treatment technique
is embolization, which is based on injecting substances directly into an artery in the
liver to block or reduce blood flow to the liver tumor. In unresectable liver tumors,
ablation and embolization can also be a therapeutic alternative, as well as targeted
therapy, immunotherapy, chemotherapy, and radiotherapy [405, 408, 409].

In advanced liver cancer, when there is spread to lymph nodes or other organs,
the drugs of choice are usually based on immunotherapy in the case of atezolizumab
and/or targeted drugs such as bevacizumab, sorafenib, cabozantinib, ramucirumab,
or lenvatinib, as well as anticancer chemotherapy [410—412]. Doxorubicin mono-
therapy has been indicated as palliative therapy in hepatoma, as well as transarterial
chemoembolization in hepatocellular carcinoma. Lenvatinib, regorafenib, and
sorafenib have been indicated in the treatment of advanced hepatocellular carci-
noma [413-415].

There are few combination protocols used in liver cancer, generally based on the
combination of immunotherapeutic and target-directed drugs. Below, we cover
some of the protocols [65, 67-68].

5.5.1.1 Nivolumab and Ipilimumab Protocol
The combination of nivolumab and ipilimumab has been approved by the FDA for

the treatment of advanced liver cancer. The use of the combination has been used as
a second-line treatment in patients who were previously treated with sorafenib.
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Fig. 5.36 Infusion sequence of the combination between nivolumab and ipilimumab

Nivolumab is a monoclonal antibody that acts by binding to programmed death
receptors-1 (PD-1), thereby blocking the interaction with PD-L1 and PD-L2. The
PD-1 receptor is responsible for negatively regulating T-cell activities, controlling
their immune response, in which the binding of PD-L1 and PD-L2 inhibits T-cell
proliferation. With the blockade of PD-1 receptors by nivolumab, there is a poten-
tiation of T cells, with an increase in antitumor responses [416-420].

Ipilimumab also potentiates the T cell-mediated immune response through an
indirect mechanism. Ipilimumab is also a monoclonal antibody, but it works by
binding to cytotoxic T lymphocyte antigen-4 (CTLA4), thereby blocking the inhibi-
tory signals of CTLA4-induced T cells, increasing the number of reactive effector T
cells that will counteract cancer cells through a direct attack of T cells. The combi-
nation of these two monoclonal antibodies has brought benefits for the treatment of
hepatocellular carcinoma, especially in patients who have previously used sorafenib
[419-425].

Yau et al. [419] evaluated the efficacy and safety of a combination between ipili-
mumab and nivolumab in second-line advanced hepatocellular carcinoma after
treatment with sorafenib. The combination led to a 32% response rate, with a high
overall survival rate (22.8 months) and a manageable safety profile. The infusion
sequence used by Yau et al. [419] in hepatocellular carcinoma was nivolumab fol-
lowed by ipilimumab. According to Weber et al. [426], sequential infusion of
nivolumab followed by ipilimumab showed greater benefits compared to the reverse
order, inducing an increase in overall survival of patients with advanced melanoma,
despite having a higher frequency of adverse events. Figure 5.36 presents an infu-
sion suggestion according to the study by Weber et al. [426] and Yau et al. [419].

5.5.1.2 Atezolizumab and Bevacizumab Protocol

The combination atezolizumab and bevacizumab has been approved by the FDA for
the treatment of hepatocellular carcinoma [410, 427, 428]. Atezolizumab is a mono-
clonal antibody that binds to PD-L1, inducing a double blockade of PD-1 and B7.1
receptors, thus triggering an immune response with consequent reactivation of the
immune response in cancer cells. On the other hand, as we have seen in previous
topics, bevacizumab works by binding to VEGF, thereby preventing the growth of
blood vessels [417, 429, 430].

Yang et al. [431] evaluated the effectiveness of the combination in the treatment
of unresectable liver cancer. The results obtained showed a response rate of 36%,
progression-free survival of 5-6 months, with longer overall survival than treatment
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Fig. 5.37 Sequence of infusion of the combination of atezolizumab and bevacizumab

with sorafenib monotherapy, being indicated as first-line therapy. Finn et al. [432]
found that atezolizumab combined with bevacizumab improved overall survival
(from 54.6% to 67.2%) and progression-free survival (from 4.3 months to
6.8 months) compared with sorafenib monotherapy.

According to Vogel et al. [433], the combination of atezolizumab and bevaci-
zumab has a superior overall survival compared to other protocols used in the first-
line treatment of unresectable hepatocellular carcinoma. Zhang et al. [434] also
noted the benefits of the combination in metastatic or unresectable hepatocellular
carcinoma, but it was not cost-effective compared with sorafenib monotherapy.
According to Liu, Lu, and Qin [435], the double blockade of VEGF and PD-L1
offers survival benefits, an example being the combination between atezolizamab
and bevacizumab, in addition to presenting a manageable toxicity profile.

As for the infusion sequence, studies such as the one by Lee et al. [427] and Finn
et al. [432] administered atezolizumab followed by bevacizumab showing its bene-
fits in overall survival and progression-free survival, and this protocol was approved
by the FDA in this infusion sequence [436]. In Fig. 5.37, the infusion sequence of
the combination is shown.

5.6 Pathophysiology of Carcinoid
and Neuroendocrine Tumors

Neuroendocrine tumors are rare, but according to Dasari et al. [437] from 1973 to
2012, there was an increase in the incidence rate of 6.4 times, mainly in early-stage
tumors. The 5-year survival rate is 97% in patients who do not have metastatic dis-
ease, whereas in patients where the disease has spread to nearby tissue or regional
lymph nodes, the 5-year survival rate is 95%, and in patients with that the tumor has
spread to distant areas the survival rate is 67%.

Regarding carcinoid tumors of the gastrointestinal tract, the incidence has also
been constantly increasing, as well as the 5-year mortality rate, although accord-
ing to Mocellin and Nitti [438], the survival rate of patients dying of carcinoid is
better than that reported for other cancers of the gastrointestinal tract. Ellis, Shale,
and Coleman [439] believe that the increased incidence of these tumors is related
to changes in anatomical distribution, with changes in the classification and detec-
tion of these cancers. Carcinoid and neuroendocrine tumors can manifest through-
out the body, but approximately 2/3 of tumors arise in the gastrointestinal
tract [440].
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Neuroendocrine tumors have three main subtypes, which include carcinoid, pan-
creatic endocrine, and lung carcinoid tumors, and arise from cells of the neuroendo-
crine system. Despite the better prognosis of gastrointestinal carcinoid cancer,
diagnosis is usually made late, so there is a relatively high proportion of patients
with advanced or metastatic cancer [24, 438, 441, 442].

Neuroendocrine cancers are derived from enterochromaffin cells present mainly
in the gastrointestinal tract. These tumors can be classified into well-differentiated
and poorly differentiated neuroendocrine tumors. About 30-40% of cases of well-
differentiated neuroendocrine tumors present the carcinoid syndrome, which is
responsible for the secretion of several humoral factors, such as amines and biologi-
cally active peptides, which escape the first-pass metabolism in the liver [443, 444].

There is no exact cause of what can lead to the development of neuroendocrine
tumors, but the development starts with mutations in the DNA of neuroendocrine
cells, where the risk factor is linked to people who inherit genetic syndromes. Small
bowel neuroendocrine tumors are the most common, two-thirds of which occur in
the terminal ileum. Patients with small bowel neuroendocrine tumors are more
likely to develop distant metastases than other neuroendocrine tumors in other
organs. Other neuroendocrine tumors include gastric, duodenal, jejunal-ileal,
appendix, colon, rectal, and others (Fig. 5.38) [445—-447].
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Fig. 5.38 Some organs that are affected by neuroendocrine tumors. (Source: Created with
BioRender.com)
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5.6.1 Chemotherapy for the Treatment of Carcinoid
and Neuroendocrine Tumors

There are several treatment modalities for carcinoid and neuroendocrine tumors. In
an early stage, the removal of the tumor by the surgical procedure is indicated.
Other treatment modalities include radiation therapy, chemotherapy, and targeted
therapy. In liver neuroendocrine tumors, ablation and embolization techniques can
also be used, as seen in Sect. 5.5 [448-452].

Drug treatment can be through monotherapy with lanreotide in the symptomatic
management of carcinoid and functional neuroendocrine tumors of the gastrointes-
tinal tract, everolimus in the treatment of advanced neuroendocrine tumors of gas-
trointestinal origin (non-functional), and the palliative treatment of advanced
pancreatic neuroendocrine tumors. Octreotide is indicated in the treatment of non-
functional neuroendocrine tumors and the symptomatic management of carcinoid
and functional neuroendocrine tumors of the gastrointestinal tract and sunitinib
used in the palliative treatment of advanced pancreatic neuroendocrine tumors
[452-459].

Treatment can also be with drugs given orally such as a combination of temo-
zolomide and capecitabine in the palliative therapy of metastatic neuroendocrine
cancer [460, 461]. Other protocols [65, 67, 68] used for the treatment of carcinoid
and neuroendocrine tumors will be cited in the next topics.

5.6.1.1 ETCIS Protocol (Etoposide and Cisplatin)

One of the combinations used as palliative therapy for neuroendocrine tumors is the
combination of etoposide and cisplatin [462-464]. Cisplatin, as we have seen, is a
drug that acts as an alkylating agent, forming adducts with DNA. On the other hand,
etoposide is a natural semisynthetic product derived from podophyllotoxin, whose
pharmacological action is from the inhibition of topoisomerase II, thereby inhibit-
ing and/or altering DNA synthesis [465-468]. According to Soranzo, Pratesi, and
Zunino [469], the interaction of cisplatin with etoposide enhances the antitumor
effects of both drugs with synergistic effects both in in vitro studies and in in vivo
studies. Despite the synergistic effects, the drugs can have additive toxicity since
both are nephrotoxic and can induce renal toxicity, requiring the monitoring of renal
function during treatment.

Mitry et al. [470] highlighted that poorly differentiated neuroendocrine tumors
are chemosensitive to the ETCIS protocol. The protocol promoted an objective
response rate of 41.5%, with a response duration of 9.2 months, overall survival of
15 months, and progression-free survival of 8.9 months. As for toxicity, the patients
did not present renal toxicity, but the authors observed auditory and neurological
toxicity.

Fjallskog et al. [471] evaluated the benefits of the combination in neuroendocrine
tumors, noting that etoposide with cisplatin can produce a significant response in
pretreated and poorly differentiated patients. However, one must be aware of the
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Fig. 5.39 ETCIS protocol infusion sequence

toxicity of the protocol, especially concerning nephrotoxicity, which is a dose-
limiting factor.

Iwasa et al. [462] evaluated the efficacy of the combination of cisplatin and eto-
poside in poorly differentiated neuroendocrine carcinoma of the hepatobiliary tract
and pancreas. The combination was not very effective in this type of tumor with
marginal antitumor activity, with a response rate of 14%, progression-free survival
of 1.8 months and overall survival of 5.8 months, and a relatively severe toxicity
profile with neutropenia of grade 3 or 4 in 90% of patients.

According to Patta and Fakih [463], the combination of cisplatin and etoposide
showed a high response rate in patients with high-grade metastatic neuroendocrine
tumors of the colon and rectum. The authors observed a progression-free survival of
4.5 months and overall survival of 9.5 months. In grade 3 gastroenteropancreatic
neuroendocrine carcinoma, Yoon et al. [472] found that the combination promoted
a response rate of 27.9% and progression-free survival of 3.5 months.

As for the infusion sequence of the ETCIS protocol (Fig. 5.39), the studies used
cisplatin on day 1 followed by etoposide on day 1 and administered alone on days 2
and 3 [462, 471, 472].

5.6.1.2 DS Protocol (Doxorubicin and Streptozotocin)

The DS protocol combines doxorubicin with streptozotocin in the palliative therapy
of pancreatic endocrine tumors. As we have seen in other topics, doxorubicin is part
of the drugs belonging to the class of cytotoxic antibiotics, being an anthracycline,
which is indicated for the treatment of various cancers such as breast cancer and
some cancers of the gastrointestinal tract. Streptozotocin, on the other hand, is a
glucosamine-nitrosourea whose function is to inhibit the synthesis and secretion of
insulin, being toxic to insulin-producing beta cells in the pancreas, acting as an
alkylating agent [473-478].

The combination of doxorubicin and streptozotocin has been an alternative treat-
ment for neuroendocrine tumors, where Pavel et al. [479] report that although the
combination has low response rates in patients with progressive neuroendocrine
tumors, it can prolong the life of patients who have a tumor response. The authors
noted with their results that the combination promoted survival of 50 months in
patients who responded to treatment and 8 months in patients who did not respond.

Delaunoit et al. [473] suggest that the DS protocol may be a first-line treatment
option in advanced pancreatic endocrine carcinoma. The authors noted that the
combination induced an objective response rate of 36%, with a median duration of
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Fig. 5.40 DS protocol infusion sequence

partial response of 19.7 months and overall 2-year survival of 50.2%, and 3-year
survival of 24.4%. As the main toxicities, patients had neutropenia and vomiting.

Fjallskog et al. [480] combined the streptozotocin with liposome-encapsulated
doxorubicin in the metastatic pancreatic endocrine tumors. The efficacy profile,
according to the study, appears to be similar to the combination with unencapsu-
lated doxorubicin, but the use of liposomal doxorubicin reduced cardiac toxicity.
The 2-year progression-free survival was 18%, while the 2-year overall survival was
72% with the combination of streptozotocin and liposomal doxorubicin.

The toxicity of doxorubicin may be increased with concomitant use with
streptozotocin. According to Eriksson et al. [481], streptozotocin is adminis-
tered for 5 days every 6 weeks combined with doxorubicin on days 1 and 22. It
is not clear whether there is any interaction or toxic effect of the protocol
depending on the infusion schedule, as to dermatological toxicity, both drugs
are vesicants. The infusion of both drugs only occurs on the first day of the pro-
tocol cycle, so perhaps the infusion sequence most used in the cited articles is
the most appropriate, starting with streptozotocin followed by doxorubicin
(Fig. 5.40) [479, 481, 482].

5.7 Pathophysiology of Anal Cancer

Anal cancer is quite rare, far less common than colorectal cancer. The number of
cases is increasing every year, being rarer in people under 35 years old and more
incidents in elderly people with an average age of 60 years, being more common in
white women and black men [483, 484].

Among anal canal cancers, around 85% are of squamous cell origin, while the
other cases are of adenocarcinoma (10%) and 5% of rare tumors such as melanoma,
small cell carcinoma, and metastatic tumors. Anal cancer accounts for 2.7% of all
digestive cancers and less than 0.5% of all diagnosed malignancies [485].

Anal cancer appears to be directly linked to a complex inflammatory process
secondary to infections, as in the case of human papillomavirus (HPV) infections,
where the progression of the inflammatory process induces the development of anal
intraepithelial neoplasms or squamous cell carcinoma in situ, which is a condition
premalignant. Anal intraepithelial neoplasms can progress to the development of
invasive squamous cell carcinoma, occurring in about 10-11% of cases. Tumors of
the anus tend to spread by local extension, but they can also cause distant metastases
[486-489]. Figure 5.41 shows the location of anal cancer.
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Fig. 5.41 Tumor in the anal canal. (Source: Created with BioRender.com)

5.7.1 Chemotherapy in the Treatment of Anal Cancer

As with other types of cancer, treatment for anal cancer will depend on the stage of
the disease. In stage 0, surgery is indicated to remove all the lesions that can induce
the development of cancer, since at this stage the precancerous cells are located in
the inner lining of the anus. In stages I and II, however, the cancer is located in the
anal wall, without dissemination to other organs or lymph nodes; thus, the surgical
procedure for removal of small tumors is also indicated, and in some cases, it can be
followed by treatment with radiotherapy and/or chemotherapy [487, 490, 491].

In a more advanced stage, in the case of stage III, anal cancer has already spread
to nearby organs and/or nearby lymph nodes, and radiotherapy associated with che-
motherapy is indicated in most cases. In stage IV, the patient presents metastasis,
with tumor dissemination in distant organs, which may be in the liver, lungs, bones,
and distant lymph nodes. In this case, the probability of cure is very low, where the
treatment is based on the control and relief of symptoms, where the standard treat-
ment is often based on a combination of chemotherapy and radiotherapy [490-492].

Some protocols that are indicated for other tumors of the gastrointestinal tract are
also used in the treatment of anal cancer. The combination of carboplatin and pacli-
taxel (Sect. 5.3.1.3) has been indicated as first-line palliative therapy for metastatic
anal squamous cell carcinoma, whereas the combination of cisplatin and capecitabine
(Sect. 5.3.1.5) has been used in the treatment of carcinoma of the anal canal, and as
palliative therapy in anal cancer for metastatic or locally advanced anal squamous
cell carcinoma, and the FUC protocol (5-fluorouracil and cisplatin) plus radiother-
apy (Sect. 5.3.1.4) has been indicated in curative therapy for carcinoma of the anal
canal [65, 67, 68, 493-497].
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Fig. 5.42 Infusion sequence of the FUMRT protocol

5.7.1.1 FUMRT Protocol (5-Fluorouracil, Mitomycin C,
and Radiotherapy)

The combination of 5-fluorouracil with mitomycin C has been indicated as curative
therapy for anal canal carcinoma [498, 499]. Mitomycin C is an antineoplastic anti-
biotic that works by inhibiting DNA synthesis and at higher concentrations is also
capable of inhibiting RNA and protein synthesis [500, 501]. The association of
5-fluorouracil with mitomycin C appears to have synergistic effects in vitro [502].

Ajani et al. [498] compared the effectiveness of the combination of 5-fluorouracil
and mitomycin C with the combination of 5-fluorouracil and cisplatin, where both
protocols were associated with radiotherapy. As a result, the authors observed that
the combination of 5-fluorouracil, mitomycin C, and radiotherapy had better results
in 5-year disease-free survival (60%) and in the cumulative colostomy rate (10%),
with overall survival of 5 years of 75%.

Saint et al. [503] proposed the use of the FUMRT protocol as second line of
metastatic squamous cell carcinoma of the anal canal. As a result, the authors
observed complete response in 31.6% of patients with 3-month progression-free
survival and 7-month overall survival, showing that the protocol provides tumor
control with acceptable tolerance.

As for the infusion sequence of the FUMRT protocol, it starts with the infusion
of mitomycin C, which is a vesicant drug, followed by 5-fluorouracil by continuous
infusion with subsequent administration of radiotherapy, which should be at least
two hours after the infusion of 5-fluorouracil (Fig. 5.42) [504].

5.7.1.2 CAPMRT Protocol (Capecitabine, Mitomycin C,
and Radiotherapy)

Replacing 5-fluorouracil with capecitabine is another alternative treatment with the
combination of capecitabine and mitomycin C associated with radiotherapy for anal
canal carcinoma [505, 506]. The combination of mitomycin C with capecitabine
proved to be effective in the treatment of anal cancer, where according to Thind
et al. [503], the combination was well tolerated with a reasonable activity profile in
patients with stage I-III anal squamous cell carcinoma.

Meulendijks et al. [5S07] and Peixoto et al. [508] highlight that the combination
of capecitabine and mitomycin C associated with radiotherapy has similar efficacy
to chemoradiotherapy with 5-fluorouracil, mitomycin C, and radiotherapy. In the
study by Meulendijks et al. [S07], the combination promoted an overall 3-year sur-
vival of 86% and a colostomy-free survival of 79%. In the study by Peixoto et al.
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Fig. 5.43 Schedule of administration of the CAPMRT protocol with oral administration of
capecitabine

[508], the combination promoted a disease-free survival of 79.7% and an anal
cancer-specific survival of 88.7%. According to the study by Goodman et al. [506],
the combination appears to reduce acute hematologic toxicity and treatment delays
in patients who have undergone definitive chemoradiotherapy in anal cancer using
intensity-modulated radiotherapy.

Regarding the infusion schedule of the CAPMRT protocol, care must be taken
with the infusion of mitomycin C as it presents a vesicant characteristic, being
infused in bolus; the administration of capecitabine is done orally, indicated twice a
day, on the days when the patient is undergoing radiotherapy (Fig. 5.43) [509].
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Chapter 6
Chemotherapeutic Protocols
for the Treatment of Genitourinary Cancer

6.1 Epidemiological Profile of Genitourinary Cancers

Genitourinary cancers involve the genitals and urinary organs in men and the uri-
nary organs in women. Cancers such as those in the penis, testicle, scrotum and
adrenal cortex, prostate, bladder, kidney, renal pelvis, ureter, and urethra are part of
genitourinary cancers. Among genitourinary cancers, prostate cancer is the most
incident where 1.41 million cases were reported worldwide in 2020 according to the
World Health Organization (WHO), followed by bladder cancer with 573,000 cases
in 2020. As for the mortality rate, prostate cancer is also in the first place with
375,000 deaths and bladder cancer in second with 213,000 deaths [1-5]. Figure 6.1
presents the estimated data for 2040 of incidence of cases and mortality of genito-
urinary cancers.

Genitourinary cancers can occur at any age and in both sexes, accounting for
about 42% of cancers in men and 4% in women. In men, prostate cancer has the
highest estimated incidence and mortality, while penile cancer affects a small por-
tion of the population, despite being more aggressive. While prostate and penile
tumors have a higher incidence in patients over 50 years old, testicular cancer is
usually present in men between 15 and 39 years old, being one of the most curable
cancers [5, 6].

In women, kidney cancer was the most frequent in 2020, with 160,000 cases,
followed by bladder cancer with 132,000 cases. The mortality rate is also higher for
kidney cancer in women with 63,800 deaths, and bladder cancer was responsible for
53,800 deaths [5].
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Mortality

Fig. 6.1 Estimate data for the year 2040 of incidence of cases and mortality of genitourinary
cancers. (Source: Created with BioRender.com. and data were extracted from [5])

6.2 Pathophysiology of Bladder Cancer

Bladder cancer is more common in men than in women worldwide, with an inci-
dence in 2020 in men of 441,000 cases and women of 132,000 cases [5]. It is
believed that the main risk factor for bladder cancer is tobacco consumption.
Bladder cancer is the tenth most common cancer worldwide and the 13th deadliest,
accounting for 2.1% of all cancer deaths. The 5-year survival rate in the USA is
77.1%, with a 5-year survival rate in cases diagnosed in situ at 95.8%, falling to
69.5% for localized disease, 36.3% for regional disease, and 4.6% in metastatic
disease [7-9].

Cumberbatch et al. [10] found some evidence on gene-environment interactions
in the development of bladder cancer, especially in smoking and occupational expo-
sure to chemicals. The authors note that incidence rates in some populations are
likely to be declining as a result of decreasing smoking. Wong et al. [11] believe that
the global incidence of bladder cancer was increasing, being positively correlated
with the country’s socioeconomic development, but the mortality rate seems to
decrease.

The development of bladder cancer is related to two pathways, the invasive path-
way and the non-invasive papillary pathway, where the urothelium is the epithelial
layer that gives rise to the papillary pathway, which is composed of basal, interme-
diate, and umbrella cells which are responsible for the lining of the bladder tissue.
In the urothelium stem cells are present that have a capacity for self-renewal, thus
being more susceptible to the development of cancer. Genetic alterations, such as
mutations in the fibroblast growth factor receptor 3 (FGFR3) and the Harvey rat
sarcoma viral oncogene (HRAS), can induce the development of cancer with the
growth of the hyperplastic urothelium toward the bladder lumen [12-17].

Among the types of bladder cancer, urothelial carcinoma is the most common,
which originates in the urothelial cells that border the interior of the bladder, as well
as part of the kidney, ureters, and urethra. Other less frequent bladder cancers are
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Fig. 6.2 Bladder tumor T2
classification according to
size. (Source: Created with
BioRender.com)

squamous cell carcinoma, adenocarcinoma, small cell carcinoma, and sarcoma.
Bladder cancers are classified as invasive that grow in the lamina propria or deeper
muscle layer, which are more likely to spread to other organs and/or tissues, and
noninvasive tumors that are located in the inner layer of cells of the bladder transi-
tional epithelium but do not invade the deeper layers [18-22].

Regarding the tumor size, noninvasive papillary tumors (Ta) are tumors con-
tained in the inner layer of the bladder, whereas stage I bladder cancer are tumors
that grew in the connective tissue layer of the bladder wall, being classified as T1.
When the tumor invades the muscle layer of the bladder wall, they are classified as
T2, while T3 are tumors that have reached the outside of the bladder and can grow
in adjacent tissues and/or lymph nodes and spread to other organs, being classified
as T4 [23-24]. Figure 6.2 presents the tumor classification according to size.

6.2.1 Chemotherapy for the Treatment of Bladder Cancer

The treatment of bladder cancer is based on the stage of the disease, in which stages
0 and 1, noninvasive papillary carcinoma and carcinoma in situ, can be treated with
transurethral resection, and partial or radical cystectomy may also be indicated.
Chemotherapy can also be indicated in stages 0 and 1, with intravesical chemo-
therapy after a surgical procedure [25-28]. Intravesical chemotherapy is based on
administering the antineoplastic agent directly into the bladder, through a catheter.
Intravesical administration is indicated in cancers that line the inside of the bladder,
without inducing major side effects in other regions of the body [29-30].
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In stages 2 and 3 of bladder cancer, radical or partial cystectomy and transure-
thral resection may also be indicated. External radiotherapy and combined chemo-
therapy are also two modality that can be used in stages 2 and 3 [31-34]. In stage 4,
without the spread of the tumor to other organs, treatment modalities include che-
motherapy, radical cystectomy, and external radiotherapy, and urinary diversion can
also be indicated as palliative therapy for symptom relief. In metastatic bladder
cancer, in addition to the treatment modalities already mentioned in the other stages
of the disease, it may also include immunotherapy [28, 32, 35].

As isolated therapy, pembrolizumab, which is a monoclonal antibody, may be
indicated for the treatment of locally advanced or metastatic urothelial carcinoma
[36], and BCG as a treatment for high-risk superficial transitional cell bladder can-
cer [37-38] and cisplatin in the treatment of locally advanced bladder cancer with
associated radiotherapy [32, 39]. Gemcitabine and mitomycin can be used as intra-
vesical therapy in non-muscle invasive bladder cancer [40—41].

Combination chemotherapy may also be indicated, where some protocols used in
the treatment of cancers of the gastrointestinal tract, such as the combination of
cisplatin and gemcitabine (Chap. 5, Sect. 5.4.1.1) have been indicated as neoadju-
vant, adjuvant, and palliative therapy of urothelial carcinoma [42—47].

6.2.1.1 BCGIFN Protocol (BCG and Interferon)

As palliative therapy for refractory high-grade superficial transitional cell carci-
noma of the bladder, one option is a combination of BCG and interferon [48-51].
BCG is composed of the bacillus Calmette-Guérin which is a bacterium that causes
tuberculosis, but this bacillus is attenuated. In bladder cancer, BCG is administered
directly into the bladder, where it will stimulate the immune system, which will be
attracted to the bladder and activated by BCG, thereby affecting cancer cells in the
bladder [52-53].

Interferon, like BCG, also stimulates the immune system, intending to increase
the ability of immune cells to attack cancer cells, as well as retarding their growth.
Interferons are glycoproteins that are part of the class of cytokines to which they are
secreted by immune system cells, acting as immune response modulators by stimu-
lating the proliferation and anticellular toxicity of other immune system cells such
as macrophages and NK cells (natural killer) [54-58].

The combination of BCG with interferon has brought positive results in the treat-
ment of non-muscle invasive bladder cancer refractory to BCG. Correa et al. [51]
highlight that the combination promoted a recurrence-free survival of 38.6% at
12 months and 18.2% at 24 months, showing that the combination appears to be a
reasonable alternative in the treatment of bladder cancer. The inclusion of interferon
seems to enhance the effects of BCG, contributing to its therapeutic efficacy [49, 59].

O’Donnell, Lilli, and Leopold [48] performed a phase II study combining BCG
and interferon in the treatment of superficial bladder cancer. As a result, the authors
observed a simple tumor recurrence rate of 52%, with progression to muscle inva-
sion of 4.3% and serious adverse events less prevalent than treatment with BCG as
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monotherapy. The combination has been shown to be safe and effective as initial
and rescue therapy for superficial bladder cancer.

Downs, Szilvasi, and O’Donnell [60] observed the compatibility of the concomi-
tant administration of interferon and BCG via the intravesical route. The authors
observed that the combined administration did not inhibit the pharmacological
activity of any of the drugs, nor did it induce the formation of clusters, showing that
the drugs are compatible.

Administration of the BCGIFN protocol occurs intravesically of both drugs con-
currently through an empty bladder catheter with a 2-h bladder residence time
(Fig. 6.3) [61].

6.2.1.2 GEMDOC Protocol (Gemcitabine and Docetaxel)

Another combination that can be used as intravesical therapy for non-muscle inva-
sive bladder cancer is gemcitabine plus docetaxel [62—64]. Steinberg et al. [62]
evaluated the combination of sequential intravesical gemcitabine and docetaxel as
intravesical therapy in the treatment of non-muscle invasive bladder cancer. Results
were promising with treatment success of 66% at first surveillance, 54% at 1 year,
and 34% at 2 years.

Milbar et al. [63], as well as Steinberg et al. [62], also evaluated the effectiveness
of the combination in non-muscle invasive bladder cancer. The authors did not
observe serious adverse effects, proving to be a well-tolerated protocol, with median
disease-free survival of 6.5 months and median high-grade recurrence-free survival
of 17.1 months.

Thomas et al. [65] evaluated the GEMDOC protocol in BCG-naive non-muscle
invasive bladder cancer patients. The authors noted that the protocol promoted treat-
ment success of 96% at 3 months, 89% at 1 year, and 89% at 2 years. In addition,
the protocol was well tolerated with side effects that included urinary urgency/fre-
quency, dysuria, and hematuria.

In a more recent study, Steinberg et al. [66] evaluated the effectiveness of the
combination of gemcitabine and docetaxel in the salvage treatment for non-muscle
invasive bladder cancer in several institutions. The protocol promoted a 1-year
recurrence-free survival rate of 60% and 2 years of 46% and a high-grade 1-year
recurrence-free survival rate of 65% and 2 years of 52%, proving to be a therapy
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Fig. 6.4 Intravesical administration schedule of the GEMDOC protocol

well-tolerated and effective for the treatment of recurrent non-muscle invasive blad-
der cancer, providing a durable response.

As for the sequence of administration, it starts with the intravesical administra-
tion of gemcitabine with a residence time of 1 to 2 h followed by the administration
of docetaxel also by intravesical route with a residence time of 1 to 2 h (Fig. 6.4) [67].

6.2.1.3 MVAC Protocol (Methotrexate, Vinblastine, Doxorubicin,
and Cisplatin)

The MVAC protocol combines methotrexate, vinblastine, doxorubicin, and cisplatin
in the treatment of transitional cell urothelium cancer [68—70]. Methotrexate, doxo-
rubicin, and cisplatin are three antineoplastics widely used in cancer treatment, as
we saw in Chapters 4 and 5, the inclusion of these drugs in protocols for the treat-
ment of breast cancer and cancers of the gastrointestinal tract. Vinblastine, on the
other hand, is a natural compound that is part of the vinca alkaloids class; it acts by
inhibiting the polymerization of mitotic spindle proteins, preventing the formation
of microtubules and thus interrupting cell division in metaphase [71-72].

Sternberg et al. [73] observed that the MVAC protocol in advanced transitional
cell carcinoma of the urothelium, promoting complete remission in 37 + 10% of
patients, with an estimated 2-year survival probability of 71% and a 3-year survival
probability of 55%. According to another study by Sternberg et al. [74], the combi-
nation induced significant tumor regression of 72%, with complete remission of
36%; of those patients who achieved complete remission, 68% relapsed, but the
median survival will exceed 38 months compared to patients who responded partial
(11 months of median survival).

In advanced urothelial cancer, Ueki et al. [75] found that the combination pro-
moted complete remission in 14% of patients and partial remission in 48% of
patients. As for the toxicity profile, the authors observed moderate to severe myelo-
suppression, mild nausea and vomiting, and moderate renal toxicity and mucositis.

Han et al. [69] evaluated the efficacy and safety of the MVAC protocol in
advanced or metastatic transitional cell carcinoma after failure of the combination
of gemcitabine and cisplatin. Patients presented neutropenia and thrombocytopenia
as the main toxic effects of the protocol. The protocol provided an overall response
of 30%, an overall disease control rate of 50%, overall survival of 10.9 months, and
progression-free survival of 5.3 months.

Kim et al. [76] also evaluated the efficacy of the MVAC protocol after gem-
citabine and platinum failure in advanced urothelial cancer. The protocol promoted
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Fig. 6.5 MVAC protocol infusion sequence

a progression-free survival of 6.5 months and overall survival of 14.5 months, with
an overall response rate of 57.8%. Choueiri et al. [70] evaluated the efficacy of a
combination of methotrexate, vinblastine, doxorubicin, and cisplatin in muscle-
invasive urothelial cancer. The protocol promoted a disease-free survival of 89% at
1 year and pathological response in 49% of patients.

The infusion sequence of the MVAC protocol is based on the initial infusion of
vesicant drugs, doxorubicin followed by vinblastine since vinblastine can increase
the metabolism of doxorubicin; in addition, care must be taken as the association of
vinblastine with doxorubicin can increase the risk of thromboembolism [77-79].

After the infusion of vinblastine, the infusion of methotrexate follows; the asso-
ciation of these drugs can increase myelosuppression, as well as the combination
with doxorubicin. Finally, cisplatin is infused, when associated with vinblastine, it
can increase the risk of ototoxicity. The combination of methotrexate may increase
the risk of myelosuppression, as well as may increase the risk of nephrotoxicity, and
the patient’s renal function should be evaluated [80-84]. Figure 6.5 shows the
MVAC protocol infusion sequence.

6.3 Pathophysiology of Prostate Cancer

Prostate cancer is the second most frequent malignant disease in men, second only
to lung cancer, and is responsible for the fifth leading cause of death worldwide. The
incidence rate appears to be higher in African-American men than in White men,
but mortality in White men is higher [85-87]. The incidence rate of prostate cancer
has greatly increased since the 1980s/early 1990s due to the inclusion of prostate-
specific antigen (PSA) testing in the asymptomatic detection of prostate cancer
[88-90].

Prostate cancer can be asymptomatic in its early stage and may require minimal
treatment or even no treatment, just medical follow-up. As for symptoms, one of the
complaints is the difficulty to urinate, where the more advanced stage of the disease
can induce urinary retention and back pain since one of the most common sites of
prostate cancer metastasis is in the bones [86, 91].

The inclusion of the PSA test in the diagnosis of prostate cancer allows the
assessment of plasma levels of the prostate-specific antigen, where above 4 ng/mL
may be an indication of prostate cancer and should be evaluated with other param-
eters, such as the biopsy of the prostate tissue needed in confirming the presence of
cancer [91-93].
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Fig. 6.6 Evolution in the development of prostate cancer. (Source: Created with BioRender.com)

Prostate cancer starts from a mutation in normal prostate gland cells, usually
starting in peripheral basal cells. The peripheral zone is the most common region in
the development of prostate cancer. Because it develops in the glandular part, pros-
tate cancer is an adenocarcinoma that initially spreads to the prostate tissue forming
a tumor nodule, which can grow outside the prostate or remain in the prostate for
decades. When it metastasis, prostate cancer can invade bones and lymph nodes [91,
94-95]. Figure 6.6 shows the progression of prostate cancer.

6.3.1 Chemotherapy for the Treatment of Prostate Cancer

The treatment option for prostate cancer will depend on the stage of cancer, the age
of the patient, and the patient’s clinical condition [96-97]. The treatment modality
includes surgery, radiotherapy, hormonal therapy, chemotherapy, and immunother-
apy, among others [91, 98-99]. In stage 1 cancer is found only in the prostate, not
being felt by rectal examination, being found by biopsy, and due to high levels of
PSA. Stage 1 treatment can be based on medical monitoring and observing whether
cancer will grow; if yes, hormone therapy may be indicated; radiotherapy and radi-
cal prostatectomy may also be indicated [100-104].

In stage 2 the cancer is more advanced than in stage 1, but it has not spread out-
side the prostate. The medical approach in stage 2 is similar to that in stage 1, and
hormone therapy, radiotherapy, and surgery may be indicated. In stage 3 cancer can
be found on both sides of the prostate and may have spread to the seminal vesicles
or nearby tissues or organs such as the rectum, bladder, or pelvic wall. The treat-
ment of stage 3 prostate cancer is based on external radiotherapy, hormone therapy,
and radical prostatectomy where radiotherapy can be indicated after the surgical
procedure [104-106].

In stage 4 cancer has already spread to other organs such as bones or distant
lymph nodes, where treatment can be based on hormonal therapy combined with
chemotherapy—the use of bisphosphonate drugs and radiotherapy are the main
treatment modalities [96, 104].
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The ease of treatment for prostate cancer is that most drugs are given orally,
including abiraterone in the treatment of metastatic castration-sensitive prostate
cancer and as palliative therapy for metastatic castration-resistant prostate cancer,
darolutamide, apalutamide, and enzalutamide in the treatment of nonmetastatic
castration-resistant prostate cancer [107-109].

A group of drugs used in the treatment of prostate cancer is luteinizing hormone-
releasing hormone (LHRH) receptor agonists whose function is to reduce testoster-
one levels, such as goserelin, leuprolide, or buserelin. LHRH antagonists such as
degarelix are used in the treatment of advanced prostate cancer [110-113].

Some indicated anticancer drugs include cabazitaxel, which is given intrave-
nously and indicated as palliative therapy for metastatic castration-resistant prostate
cancer [114, 115]. Docetaxel which is widely used in cancer treatment is indicated
as palliative monotherapy for metastatic hormone-refractory prostate cancer and as
first-line in castration-sensitive metastatic prostate cancer and mitoxantrone in pal-
liative therapy for hormone-refractory prostate cancer [116, 117].

6.4 Testicular Cancer

Of all cancers that affect men, testicular cancer is responsible for 1 to 2% of cases.
Although rare, testicular cancers are the most common in young people between 15
and 35 years old. The incidence rate in young White men is ten times higher than
Black and Asian men. The most common type is testicular germ cell cancers, of
which there are two main types, seminomas and non-seminomatous germ cell
tumors [118—121]. Figure 6.7 shows testicular cancer.

Fig. 6.7 Testicular cancer.
(Source: Created with
BioRender.com)
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Seminomas are more incidents in men aged 20 to 35 years, which mostly tend
to grow and spread more slowly than non-seminomas and can secrete human cho-
rionic gonadotropin (HCG), presenting less aggressive behavior and are sensitive
radiotherapy [122—124]. On the other hand, non-seminomatous testicular cancers
present variations in appearance and prognosis, affect young people between 15
and 35 years of age, are more aggressive, thermosensitive, and have little radio-
sensitive. Non-seminomatous tumors are classified as embryonic carcinoma
(rapid growing and potentially aggressive, may secrete HCG or alpha-fetoprotein
(AFP)), yolk sac carcinoma (but common in children, almost always secrete AFP),
choriocarcinoma (rare and aggressive, may secreting HCG), and teratoma [122,
124, 125].

Metastases are more common in non-seminomatous tumors, in which the main
dissemination is via the lymphatic route, and may reach cord vessels, with the
appearance of periaortic lymphadenopathy at the level of the renal vessels. The
spread of testicular cancer can affect organs such as the lungs, liver, and brain
[126-128].

6.4.1 Chemotherapy for the Treatment of Testicular Cancer

Concerning the treatment of testicular cancer, radical orchiectomy is a primary
treatment method. Post-surgical treatment will depend on the histological type of
tumor, serum marker levels, and disease stage, in addition to the presence of resid-
ual retroperitoneal masses. Some testicular tumors respond well to chemotherapy,
such as yolk sac carcinoma, while other tumors, such as teratoma, are resistant to
chemotherapy and radiotherapy, the best approach being surgical removal [129-132].

Monotherapy may be indicated as adjuvant treatment in stage 1 high-risk semi-
noma using carboplatin, but combined chemotherapy is more common in dissemi-
nated tumors and may be associated with radiotherapy [133—135]. Some protocols
indicated for the treatment of other cancers may also be indicated for the treatment
of testicular cancer; an example is the ETCIS protocol (Chap. 5, Sect. 5.6.1.1)
which combines etoposide and cisplatin in the treatment of non-seminoma germ
cell cancer [136—138]. Other protocols [45-47] used in testicular cancer will be
covered in the next topics.

6.4.1.1 BEP Protocol (Bleomycin, Etoposide, and Cisplatin)

The BEP protocol combines bleomycin, etoposide, and cisplatin and has been used
as a curative therapy in germ cell cancer [139—142]. As we saw in Chap. 5, cisplatin
is an alkylating agent that interconnects to DNA, while etoposide is a semi-synthetic
derivative of podophyllotoxin that acts by inhibiting topoisomerase II, with both
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Fig. 6.8 BEP protocol infusion sequence

drugs inhibiting DNA synthesis. Bleomycin is an antineoplastic antibiotic, whose
action is also at the DNA level, in which bleomycin binds to the DNA of tumor
cells, inducing the breaking of the DNA strands and preventing cell division
[143, 144].

Behnia et al. [140] evaluated the effectiveness of the BEP protocol in the treat-
ment of non-seminomatous testicular cancer. The protocol proved to be effective in
preventing recurrence after two cycles of the BEP protocol in fully resected stage 11
patients. As for toxicity, 10% of patients developed granulocytopenic fever. Horwich
et al. [139] also observed the efficacy of the BEP protocol in the treatment of meta-
static non-seminoma testis cancer with a good prognosis, in which 94.4% of patients
achieved a complete response.

Kier et al. [145] evaluated the effectiveness of the BEP protocol in germ cell
cancer. As a result, the authors evidenced a 5-year progression-free survival of 87%,
a disease-specific 5-year survival of 95%, and a 5-year overall survival of 93% in
patients with testicular cancer of seminomatous germ cells. Patients with non-sem-
inomatous cancer with a good prognosis had a 5-year progression-free survival of
90%, a diseasespecific 5-year survival of 97%, and 5-year overall survival of 95%.

As for the infusion sequence of the BEP protocol (Fig. 6.8), it starts with the
infusion of cisplatin, which is the vesicant or irritant agent, followed by the etopo-
side, which is irritant, and finally, the infusion of bleomycin, which is non-vesicant.
There are no studies that demonstrate a possible interaction between drugs depend-
ing on the infusion schedule [146, 147].

6.4.1.2 VIP Protocol (Etoposide, Cisplatin, Ifosfamide, and Mesna)

In the VIP protocol, instead of combining etoposide and cisplatin with bleomycin
(BEP protocol), it replaces bleomycin with ifosfamide and mesna. The VIP protocol
is indicated in the treatment of consolidation and recovery for non-seminoma [148,
149]. Ifosfamide is nitrogen mustard, which, like cyclophosphamide, is part of the
class of alkylating agents, acting through binding with nucleic acids, through the
alkylation of DNA. Mesna is a drug used to prevent urothelial toxicity, such as hem-
orrhagic cystitis, microhematuria, and ifosfamide-induced macrohematuria
[150-152].

Hinton et al. [153] compared the effectiveness of the BEP protocol with the VIP
protocol in treating disseminated germ cell tumors, showing that both protocols had
comparable results with modestly greater hematologic toxicity in the VIP protocol
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Fig. 6.9 VIP protocol infusion sequence

group. The VIP protocol promoted a progression-free survival of 64% and an over-
all survival rate of 69%.

Schmoll et al. [149] evaluated the effectiveness of the VIP protocol in the treat-
ment of advanced metastatic germ cell cancer. The protocol presented as toxicity the
mucositis, neurological toxicity, renal, and granulocytopenia. As for efficacy, the
protocol promoted a progression-free survival rate in 2 years of 69% and disease-
specific survival in 2 years of 79%.

Bokemeyer et al. [148] evaluated the use of the VIP protocol of sequential high-
dose as a first-line treatment in patients with non-seminomatous germ cell tumors.
The protocol promoted a 2-year progression-free survival rate of 64% and an overall
survival rate of 68%. The VIP protocol infusion sequence (Fig. 6.9) is based on the
initial infusion of etoposide followed by cisplatin, then the first dose of mesna fol-
lowed by the infusion of ifosfamide with a subsequent infusion of two more doses
of mesna [154].

6.4.1.3 TAXGEM Protocol (Paclitaxel and Gemcitabine)

The combination of paclitaxel with gemcitabine has been indicated in palliative
therapy for germ cell cancer [155, 156]. Einhorn et al. [155] evaluated the effec-
tiveness of the combination of paclitaxel and gemcitabine in treating germ cell
tumors. The combination promoted an objective response in 31% of patients, of
which four achieved partial remissions and six had complete responses, showing
that it may be possible to achieve long-term disease-free survival with the
combination.

Mulherin, Brames, and Einhorn [157] confirmed that the combination of pacli-
taxel and gemcitabine may offer long-term survival in patients with relapsed/
refractory germ cell tumors, with three disease-free patients for 64, 94, and
122 months.

Hinton et al. [158], in a phase II study, evaluated the efficacy of the combina-
tion of paclitaxel and gemcitabine in refractory germ cell tumors. As a result,
the authors observed that 21.4% of patients responded to treatment, with three
patients achieving a complete response, with two patients free of disease for
more than 15 and 25 months. Regarding the infusion sequence, the protocol
starts with the infusion of paclitaxel followed by gemcitabine (Fig. 6.10) [155,
157, 158].
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Fig. 6.10 TAXGEM protocol infusion sequence
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Fig. 6.11 TIP protocol infusion sequence

6.4.1.4 TIP Protocol (Paclitaxel, Cisplatin, Ifosfamide, and Mesna)

The TIP protocol combines paclitaxel, ifosfamide, and cisplatin for the treatment
of recurrent testicular germ cell cancer [159-162]. In patients with recurrent tes-
ticular germ cell cancer, Motzer et al. [159] evaluated the effectiveness of the TIP
protocol. The authors noted that 77% of patients achieved a complete response,
and 73% of patients who had favorable responses remained durable with an aver-
age duration of 33 months. As protocol toxicity, patients had myelosuppression
and neurotoxicity.

As well as the study by Motzer et al. [159], Kondagunta et al. [160] also looked
at the efficacy of the TIP protocol as second-line therapy in recurrent testicular germ
cell tumors. The combination promoted a complete response in 70% of patients, of
which 3% relapsed after chemotherapy with the TIP protocol. The durable complete
protocol response rate was 63% and 2-year progression-free survival 65%.

The results were also promising in the study by Kawai et al. [163], promoting
disease-free status in 62% of patients, in which 60% of these patients remained
free from disease progression for an average duration of 24 months. As for the
toxicity profile, the patients had leukocytopenia, thrombocytopenia, and sensory
neuropathy.

Mead et al. [161], in a phase II study, evaluated the efficacy of the TIP protocol
as a second-line after treatment with the BEP protocol in the treatment of metastatic
germ cell cancer. The favorable response rate for the combination was 60%, with a
1-year survival of 70% and failure-free survival of 36%.

The infusion sequence of the TIP protocol (Fig. 6.11) is based on the initial infu-
sion of paclitaxel, which is the vesicant drug and specific cycle, followed by the
infusion of cisplatin, which can be irritating or vesicant, and nonspecific cycle, and
finally the infusion of ifosfamide, which it is a drug-irritating and nonspecific cycle
with a dose of concomitant mesna followed by another dose of mesna [147,
164, 165].
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Fig. 6.12 VEIP protocol infusion sequence

6.4.1.5 VEIP Protocol (Vinblastine, Cisplatin, Ifosfamide, and Mesna)

The VEIP protocol is a combination of the antineoplastics vinblastine, cisplatin, and
ifosfamide for the treatment of consolidation/recovery in germ cell cancer [166—
168]. Loehrer Sr et al. [167] evaluated the use of the VEIP protocol as initial rescue
therapy in patients with recurrent germ cell tumors. As a result, 49.6% of patients
have achieved disease-free status, of which 23.7% are disease-free, showing that the
protocol can promote lasting complete remissions in patients with disseminated
germ cell cancer.

Farhat et al. [166] highlight that combined therapy for refractory or relapsing
germ cell cancer, with VEIP or VIP protocols, can increase the effectiveness of
treatment as rescue therapy, promoting complete remission in 31% of patients, par-
tial response in 19%, and relapse-free survival in 63%. As the main toxicity, patients
had severe myelotoxicity.

As for the infusion sequence of the VEIP protocol (Fig. 6.12), the initial vinblas-
tine protocol followed by cisplatin, then the first dose of mesna followed by ifos-
famide, and finally two more doses of mesna in sequence to reduce the risks of
urological toxicity induced by ifosfamide [169].

6.5 Pathophysiology of Kidney Cancer

Renal cell cancer accounts for 2% of global diagnoses and deaths of all cancers and
is the ninth most common neoplasm in the USA. North America and Western
Europe have the highest incidence of kidney cancer, but it is believed that Latin
America, Asia, and Africa will have an increase in incidence due to the nation’s
transition to a Western lifestyle. The diagnosis of kidney cancer usually occurs in
people aged 65 to 74 years, being very uncommon in people under 45 years
[170-172].

Regarding gender, kidney cancer is more common in men than in women, being
more common in African Americans and American Indians/Alaska natives. Survival
is dependent on the stage of cancer at diagnosis, with the metastatic disease having
a 5-year survival rate of 12% [172-174].

Renal cell carcinoma originates from renal tubular epithelial cells, accounting
for 85% of primary renal neoplasms. Other types of renal tumors include transi-
tional cell carcinoma, nephroblastoma or Wilms’ tumor, renal sarcomas, medullary
renal carcinoma, and collecting duct cancer. Some risk factors include old age,
treatment for kidney failure, smoking, high blood pressure, and obesity. Genetic
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Fig. 6.13 Stages of kidney cancer. (a) Stage 1; (b) stage 2; (c) stage 3; and (d) stage 4. (Source:
Created with BioRender.com)

alterations are also associated with the development of renal cell carcinoma, such as
loss of the short arm of chromosome 3, seen in 95% of cases. Some genes involved
in renal cancer pathogenesis include VHL, mTOR, SETD2, PBRM-1, KDM5C, and
BAP-1[174-180].

The stages of kidney cancer range from 1 to 4 (Fig. 6.13) according to the extent
of the tumor and its spread to other organs and/or tissues. In stage 1, the tumor is
less than or equal to 7 cm, being located only in the kidney. In stage 2 the tumor is
above 7 cm, but it is still located in the kidney with no invasion of lymph nodes or
distant organs. In stage 3, the tumor grows in a major vein, such as a renal vein or
vena cava, or in the tissue around the kidney, whether or not the tumor has spread to
nearby lymph nodes. In stage 4, however, the tumor may be of any size, may have
grown outside the kidney, and may or may not have spread to nearby lymph nodes
and/or distant lymph nodes and/or organs [177, 181, 182].

6.5.1 Chemotherapy for the Treatment of Kidney Cancer

The choice of therapeutic approach will depend on the stage of the kidney cancer,
where the main approaches include surgery to remove part or all of the affected
kidney, ablation therapy, embolization, radiotherapy, and targeted therapy [183,
184]. In stages 1 and 2, as the tumor is located in the kidney, usually the chosen
approach is surgery, which can be partial nephrectomy (usually indicated in stage 1,
with tumors smaller than 7 cm) and radical nephrectomy, which may involve the
lymph nodes near the kidney being removed if they are enlarged [185, 186]. In stage
3, nearby veins may present a tumor, in which, during surgery, the veins need to be
opened to remove the tumor; when there is a high risk of cancer recurrence, targeted
therapy may be indicated to reduce the risk [187, 188].

In stage 4, when you know cancer has spread to other parts of the body, in some
cases surgery may be indicated, while radiation may be a treatment option in the
area of cancer spread. But when cancer has spread to other places and there is no
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possibility of removal by surgery in the metastatic organ and kidney, systemic ther-
apy is the first choice of treatment [189-191].

Targeted therapy is the therapeutic option, and some monoclonal antibodies such
as nivolumab may be indicated as monotherapy in the treatment of metastatic or
advanced renal cell carcinoma [192, 193]. mTOR inhibitors such as everolimus and
temsirolimus are indicated for the treatment of advanced kidney cancer [194, 195].
Tyrosine kinase inhibitors are also indicated as axitinib and cabozantinib in the
treatment of metastatic renal cell carcinoma, pazopanib, sorafenib, and sunitinib in
palliative therapy for renal cell carcinoma [196-198].

In addition to monotherapy, some combinations may also be indicated, such as
the combination between the monoclonal antibodies nivolumab and ipilimumab,
which is also indicated in the treatment of cancers of the gastrointestinal tract (see
Chap. 5), which is indicated in the treatment of carcinoma of the metastatic or
advanced kidney cells [199, 200]. Other protocols [45—47] will be covered in the
next topics.

6.5.1.1 PEMAX Protocol (Pembrolizumab and Axitinib)

The PEMAX protocol combines pembrolizumab with axitinib for the treatment of
metastatic renal cell carcinoma [201-203]. Pembrolizumab is a humanized mono-
clonal antibody acting like a programmed death protein (PD-1) anti-receptor.
Pembrolizumab has the function of blocking the interaction of PD-1 with PD-L1
and PD-L2, being involved in the control of the immune response of T lymphocytes
[204-206]. On the other hand, axitinib is a potent and selective inhibitor of vascular
endothelial growth factor receptor (VEGFR) tyrosine kinase, acting on VEGFR-1,
VEGFR-2, and VEGFR-3. Inhibition of these receptors reduces pathological angio-
genesis, tumor growth, and metastatic progression of cancer [207-209].

The combination of pembrolizumab and axitinib has been shown to be effective
in the treatment of advanced kidney cancer. According to Rini et al. [201], the com-
bination promoted a median progression-free survival of 15.1 months, with an
objective response rate of 59.3%, being superior to sunitinib monotherapy.

In a phase III study, Powles et al. [210] also compared the effectiveness of the
PEMAX protocol with sunitinib monotherapy. As in the study by Rini et al. [201],
Powles et al. [210] also observed clinical results of the protocol superior to suni-
tinib. The results showed an overall survival of 30.6 months with a progression-free
survival of 15.4 months. As for toxicity, the most frequent adverse events included
hypertension, increased alanine aminotransferase, and diarrhea.

Watson et al. [211] compared the PEMAX protocol with the combination of
nivolumab plus ipilimumab in the first-line treatment of advanced renal cell carci-
noma, regarding the cost-effectiveness of each protocol. The PEMAX protocol was
associated with longer quality-adjusted life compared to the other protocol in
patients with advanced renal cell carcinoma, but it may not be cost-effective.
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Fig. 6.14 PEMAX protocol administration schedule with oral administration of axitinib

Plimack et al. [212] evaluated patients who received the PEMAX protocol
for 2 years. About 29.9% of patients have completed 2 years of treatment with
the combination, with overall 36-month survival rates of 93.8%, 24-month
progression-free survival rates of 72.1%, and 36-month of 57.7%, and an objec-
tive response rate of 85.3%. Regarding the administration schedule, pembroli-
zumab is infused intravenously, and axitinib is given orally twice daily
(Fig. 6.14) [213].

6.5.1.2 Avelumab and Axitinib Protocol

The combination of avelumab with axitinib has been indicated for the treatment of
unresectable locally advanced or metastatic renal cell carcinoma [214-217].
Avelumab is a fully human monoclonal antibody, acting against the PD-L1 ligand,
blocking its interaction with programmed cell death receptors (PD-1 and B7.1),
thereby removing the suppressive effects of PD-L1 on the cytotoxic CD8 T cells
[218, 219].

Motzer et al. [214] compared the effectiveness of combining avelumab and
axitinib with sunitinib in the treatment of advanced renal cell carcinoma. As a result,
the authors noted that the combination increased progression-free survival from
7.2 months (sunitinib alone) to 13.8 months (combination); it also increased overall
survival from 10.7 months to 11.6 months and response rate from 25.5% to 55.2%.
In a phase III study, Motzer et al. [216] continued to observe that the combination
promoted a prolonged progression-free survival in patients with advanced renal cell
carcinoma compared with sunitinib monotherapy.

Choueiri et al. [215] evaluated the efficacy of the combination in first-line treat-
ment of patients with advanced renal cell carcinoma, also showing that the combi-
nation promoted an increase in progression-free survival (from 7 months to
13.8 months) compared to patients who received only sunitinib.

Tomita et al. [220] looked at the efficacy and safety of the combination of ave-
lumab and axitinib versus sunitinib in elderly patients with advanced renal cell car-
cinoma. The combination provided an overall survival of 19.3 months and
progression-free survival of 16.8 months. As for adverse events, the patients had
diarrhea, hypertension, palmoplantar erythrodysesthesia syndrome, and nausea.
Regarding the administration schedule, avelumab is administered intravenously,
and the patient takes axitinib orally twice a day (Fig. 6.15) [217].
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Fig. 6.15 Infusion schedule for the combination of avelumab and axitinib, with oral administra-
tion of axitinib
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Chapter 7
Chemotherapeutic Protocols
for the Treatment of Gynecological Cancer

7.1 Epidemiological Profile of Gynecological Cancers

Gynecological cancers involve cancers of the ovary, cervix, body of the uterus,
vulva, vagina, and fallopian tubes. Uterine cancer stands out as the most incident
worldwide, accounting for 604,000 cases and 342,000 deaths in 2020, according to
WHO data. The least common is vaginal cancer with an incidence of 17,900 reported
cases and 8000 deaths in 2020 [1, 2]. White women have a higher incidence rate of
uterine, ovarian, and vulvar cancers, while Hispanic women had a higher incidence
of cervical cancer and Black women had a higher incidence of vaginal cancer [3-5].
Figure 7.1 shows the estimated incidence and mortality cases for the year 2040.

Survival rates for gynecological cancers depend on the stage at which the cancer
is diagnosed, varying according to the type of gynecological cancer. In ovarian can-
cers, the diagnosis tends to occur at an advanced stage, with the presence of metas-
tases, which reduces the survival rate, while in cervical cancer the diagnosis tends
to occur earlier, usually at an early stage, when the cancer is localized, thereby
increasing the survival rate [6—10].

Some risk factors for the development of gynecological cancers may include
increasing age, nulliparity, obesity, postmenopausal hormone replacement therapy,
fertility drugs, human papillomavirus (HPV) infection, smoking, family history of
breast and ovarian cancer, and cervical or colorectal. One of the main risk factors for
cervical cancer is HPV infection, accounting for approximately 90% of all cervical
cancers [11-15].
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Fig. 7.1 Estimated incidence of cases and mortality for the year 2040 of gynecological cancers.
(Source: Created with BioRender.com and data were extracted from [1])

7.2 Pathophysiology of Ovarian Cancer

Ovarian cancer is the third most common cancer in women, with a worse prognosis
and higher mortality rate, being three times more lethal than breast cancer. One of
the factors that contribute to the late diagnosis of ovarian cancer is due to its asymp-
tomatic growth, with late onset of symptoms and lack of adequate screening, result-
ing in diagnosis at an advanced stage, with a 5-year survival rate of 29%, with only
15% of cases being diagnosed at an early stage [8, 13, 16-18].

The origin of the ovarian tumor can be from epithelial cells, stromal cells, and
germ cells. In developed countries, there is a prevalence of epithelial cell ovarian
tumors (90% of cases), followed by sex cord-stromal tumors (5-6% of cases), and
then germ cell tumors (2—3% of cases). Epithelial cancers are classified as mucinous
(represents 3%) and non-mucinous, where non-mucinous can be further subclassi-
fied into serous (70% of non-mucinous cases), endometrioid (represents 10% of
cases), clear cells (10% of non-mucinous), and unspecified (5% of cases) [13, 19-23].

As for staging (Fig. 7.2), stage I ovarian cancers are located in the ovaries, stage
II are located in the pelvis, and in stage III, they may be present on the peritoneal
surface, peritoneal implants, and abdominal implants and may or may not be present
in the nearby lymph nodes. In stage 4, the tumor has spread to the lung, pleura, liver
parenchyma, or other extra-abdominal organs [23-25].
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a b c d

Fig. 7.2 Stages of ovarian cancer. (a) Stage I, (b) Stage II, (¢) Stage III, (d) Stage IV. (Source:
Created with BioRender.com)

7.2.1 Chemotherapy for the Treatment of Epithelial
Ovarian Cancer

The treatment modality for epithelial ovarian cancer may include surgery, which in
the early stages is an approach that can be curative, and in the advanced stage, surgi-
cal debulking followed by systemic chemotherapy may be indicated. Chemotherapy
may be indicated for intravenous or intraperitoneal administration [26, 27]. As a
single agent for the treatment of ovarian cancer, carboplatin or cisplatin is indicated
in the treatment of invasive epithelial ovarian cancer. Cyclophosphamide can be
used in palliative therapy in relapsing/progressive epithelial carcinoma, primary
peritoneal, or fallopian tube carcinoma. Docetaxel, paclitaxel, gemcitabine, topote-
can, or etoposide are found effective in the treatment of platinum-refractory epithe-
lial ovarian carcinoma, primary peritoneal carcinoma, or fallopian tube carcinoma
[28-37].

Pegylated liposomal doxorubicin is indicated as monotherapy in the treatment of
epithelial ovarian cancer with relapse after primary treatment; vinorelbine as pallia-
tive therapy for the retreatment of ovarian, tubal, and peritoneal cancer; and olaparib
as a target-directed therapy for the maintenance of responsive epithelial cancer to
platinum mutated by newly diagnosed BRCA [38—42]. Hormone therapy, such as
aromatase inhibitors and tamoxifen, may also be indicated in the treatment of
advanced ovarian cancer [43, 44].

Combination therapy is also indicated in the treatment of epithelial ovarian can-
cer, such as the combination of carboplatin and paclitaxel, which is used in cancers
of the gastrointestinal tract (see Chap. 5), but it is also indicated in the primary treat-
ment of epithelial cancer invasive ovarian, fallopian tube and primary peritoneal and
in the primary treatment of stage Il invasive epithelial cancer or stage 1 or 2 papil-
lary serous ovarian cancer [45-50]. More combinations used in the treatment of
epithelial ovarian cancer will be covered in the next topics [51-53].
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7.2.1.1 CABR Protocol (Carboplatin and Abraxane)

The CABR protocol is based on the combination of carboplatin and Abraxane (nab-
paclitaxel), which is paclitaxel encapsulated in albumin nanoparticles for the alter-
native treatment of gynecological malignancies. Drugs of the taxane class are
widely used in the treatment of gynecological cancers, due to their important thera-
peutic response and the discontinuation of therapy with these agents should be
reconsidered with the administration of nab-paclitaxel. According to Maurer et al.
[54], nab-paclitaxel is well tolerated without hypersensitivity reactions, in which
complications observed with the use of nab-paclitaxel were neutropenia, thrombo-
cytopenia, anemia, and neurotoxicity.

Benigno and Hines [55], in a phase II study, observed the efficacy of the combi-
nation of nab-paclitaxel plus carboplatin in recurrent platinum-sensitive ovarian or
primary peritoneal cancer. Of the ten patients who were included in the study, two
who had completed two protocol cycles and had 50% tumor reduction, and, in terms
of toxicity, cases of neutropenia, thrombocytopenia, and anemia were reported.

Srinivasan, Rauthan, and Gopal [56] proposed the combination of nab-paclitaxel
with carboplatin as first-line therapy in ovarian cancer. The authors looked at three
cases of patients who used the combination, noting that chemotherapy was well
tolerated, with all responding to chemotherapy. Pothuri et al. [57], in a phase 2
study, evaluated the effectiveness of the combination as a first line in the treatment
of epithelial cancers, showing that the protocol promoted a 6-month progression-
free survival of 80.5%, with adverse events that included anemia, neutropenia, and
diarrhea.

Parisi et al. [58] evaluated the efficacy of the first-line combination of nab-
paclitaxel and carboplatin in patients with advanced ovarian cancer after hypersen-
sitivity reaction to solvent-based taxanes. The protocol promoted a progression-free
survival of 16.7 months and overall survival of 65.4 months. As the toxicity of
combination, the patients presented asthenia, hypertransaminasemia, neutropenia,
thrombocytopenia, and anemia, without the occurrence of hypersensitivity reac-
tions. The infusion sequence used is starting with nab-paclitaxel followed by carbo-
platin infusion (Fig. 7.3) [59, 60].

-y

Fig. 7.3 CABR protocol infusion sequence
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Fig. 7.4 CAPBEV protocol infusion sequence

7.2.1.2 CAPBEY Protocol (Carboplatin, Paclitaxel, and Bevacizumab)

The combination of carboplatin, paclitaxel, and bevacizumab may be indicated for
the first-line treatment of patients with stage 3—4 epithelial ovarian cancer. Coleman
et al. [61] evaluated the effectiveness of the combination in the treatment of
platinum-sensitive recurrent ovarian cancer. The protocol promoted a median over-
all survival of 42.2 months, with a toxicity profile that included hypertension,
fatigue, and proteinuria.

The inclusion of bevacizumab associated with carboplatin and paclitaxel brought
benefits for the treatment of advanced epithelial ovarian cancer, promoting the pro-
longation of progression-free survival [62]. The infusion sequence of the CAPBEV
protocol starts with bevacizumab followed by paclitaxel and finally carboplatin
(Fig. 7.4) [63].

Despite the benefits, one of the major problems with the combination is the high
rate of hypersensitivity reaction, and replacing paclitaxel with nab-paclitaxel
appears to reduce the occurrence of hypersensitivity reactions [58].

The combination of nab-paclitaxel with bevacizumab appears to be effective in
platinum-resistant primary recurrent epithelial carcinoma or primary peritoneal
carcinoma. According to Tillmanns et al. [64], the combination promoted an over-
all survival of 16.5 months, with a progression-free survival of 8.3 months, and a
partial response in 46.1% of patients. In another study, Tillmanns et al. [65] con-
tinued to look at the benefits of the combination, noting an overall response rate
of 50%, with a progression-free survival of 8.08 months, and overall survival of
17.15 months.

As an alternative for the treatment of gynecological cancers, in patients who
have experienced moderate or severe hypersensitivity reactions to paclitaxel, the
combination of carboplatin, nab-paclitaxel, and bevacizumab may be a viable
alternative. As for the infusion sequence, the first cycle starts with nab-paclitaxel
and ends with bevacizumab (Fig. 7.5a) to prevent the patient from developing an
immunogenic reaction with bevacizumab, From the second cycle, the protocol
starts with bevacizumab followed by nab-paclitaxel and finally carboplatin
(Fig. 7.5b) [66].
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Fig. 7.5 CABRBEYV infusion sequence. (a) First cycle infusion sequence starting with nab-
paclitaxel. (b) Infusion sequence from the second cycle, starting with bevacizumab

7.2.1.3 CISP Protocol (Cisplatin and Paclitaxel)

The CISP protocol is another combination indicated for the alternative treatment of
gynecological malignancies. Goldberg et al. [67] evaluated the combination of cis-
platin and paclitaxel in recurrent epithelial ovarian cancer. The results showed a
response rate of 53% and a median survival of >23 months with all complete
responders alive during the median follow-up of 23 months.

Rose et al. [68] evaluated the protocol’s efficacy in recurrent or advanced squa-
mous cell cervical carcinoma. As a result, the authors observed a progression-free
interval of 5.4 months and a median survival of 10 months, with adverse events that
included neutropenia and thrombocytopenia, with 4.5% of deaths from neutropenic
sepsis. Moore et al. [69] highlight that the combination of cisplatin and paclitaxel is
superior to cisplatin monotherapy in the treatment of recurrent or persistent squa-
mous cell cervical cancer. Patients in the study by Moore et al. [69] had progression-
free survival of 4.8 months and a median survival of 9.7 months, with an objective
response rate of 36%.

Bois et al. [70] found that the combination of cisplatin and paclitaxel had com-
parable efficacy to the combination of carboplatin and paclitaxel. The CISP proto-
col had progression-free survival of 19.1 months and overall survival of 44.1 months.
Armstrong et al. [71] evaluated the efficacy of cisplatin plus paclitaxel given intra-
peritoneally, comparing the same combination given intravenously in the treatment
of ovarian cancer. Intraperitoneal administration of therapy was superior, increasing
progression-free survival from 18.3 to 23.8 months and overall survival from 49.7
to 65.6 months.

Moioli et al. [72] evaluated the role of the CISP protocol in the neoadjuvant treat-
ment of locally advanced cervical cancer. The protocol induced optimal response in
21.4%, partial response in 64.3%, and no response in 14.2% of patients. As for
adverse events, the authors observed a higher frequency of alopecia, asthenia, nau-
sea and vomiting, hypersensitivity to paclitaxel, and neutropenia.
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Fig. 7.6 CISP protocol infusion sequence

As for the infusion sequence of the CISP protocol (Fig. 7.6), the administration
of paclitaxel must be given first, as when cisplatin is administered before it can
reduce the therapeutic efficacy of paclitaxel. Jekunen et al. [73] highlight in their
study that when paclitaxel is administered first, it has synergistic effects with cispla-
tin in the treatment of ovarian cancer, but when cisplatin is administered earlier,
antagonistic effects occur, which may contribute to a possible increase in the proto-
col’s toxicity. Thus, the authors show that the protocol’s effectiveness depends on
the administration schedule.

7.2.1.4 CISPBEY Protocol (Cisplatin, Paclitaxel, and Bevacizumab)

The addition of bevacizumab to the CISP protocol is also an alternative treatment
for gynecological malignancies. The inclusion of bevacizumab prolongs
progression-free survival as a first-line treatment in stage 4 patients [74]. Konner
et al. [74] evaluated the efficacy of combining bevacizumab with intraperitoneal
administration of cisplatin and paclitaxel. The protocol led to a progression-free
survival of 28.6 months and adverse events that included neutropenia, vasovagal
syncope, hypertension, nausea and vomiting, hypomagnesemia, and abdomi-
nal pain.

Olivia et al. [75] evaluated the combination of cisplatin plus paclitaxel with
maintenance bevacizumab in ovarian carcinoma. In the study, the combination
slowed tumor progression in the mouse model with epithelial ovarian cancer xeno-
grafts, in addition to prolonging survival, reducing ascites and tumor spread. In
advanced cervical cancer, the CISPBEV protocol was superior to the CISP protocol
without bevacizumab, in the study by Chu et al. [76], with benefits in overall sur-
vival of 16.4 months and progression-free survival of 9.2 months.

Also in the treatment of advanced cervical cancer, Sugiyama et al. [77] evalu-
ated the efficacy of the CISPBEYV protocol followed by single-agent bevacizumab.
The combination promoted an overall response rate of 86%, with adverse events
that included alopecia, hypertension, nausea, decreased appetite, and peripheral
sensory neuropathy. Regarding the infusion schedule, start with the monoclonal
antibody bevacizumab due to its target-directed action, followed by paclitaxel,
and finally cisplatin to induce the synergistic effects of the association (Fig. 7.7)
[73, 78].
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Fig. 7.7 Infusion sequence of the CISPBEV protocol
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7.2.1.5 CAD Protocol (Carboplatin and Docetaxel)

Fig. 7.8 CAD protocol infusion sequence

The CAD protocol combines carboplatin and docetaxel and has been used in the
treatment of invasive epithelial cancer, fallopian tube, and primary peritoneal cancer
[79-81]. Vasey et al. [82] proposed the use of the CAD protocol as the first line in
epithelial ovarian cancer, showing its efficacy with an overall response rate of 66%
and progression-free survival of 16.6 months. In another study, Vasey et al. [83]
compared the combination of carboplatin and docetaxel with the combination of
paclitaxel and carboplatin as first-line chemotherapy for ovarian cancer. The authors
noted that both protocols had a similar response and progression-free survival.

Markman et al. [84] evaluated the efficacy of the CAD protocol in patients with
ovarian and fallopian tube cancers and primary carcinoma of the peritoneum, show-
ing that the combination induced an objective response of 81% and the most fre-
quent adverse events included neutropenia, hypersensitivity reactions, and peripheral
neuropathy, with the greatest toxicity being bone marrow suppression.

Wang et al. [85], in a multicenter, nonrandomized, phase 3 study, evaluated the
efficacy of the combination of docetaxel and carboplatin as a second line in epithe-
lial ovarian, peritoneal, or platinum-sensitive fallopian tube cancer. The authors
observed an overall response rate of 70% with 28% complete responses and
progression-free survival of 12.4 months. As for toxicity, cases of neutropenia were
reported in 80%, febrile neutropenia in 16%, and peripheral sensory neuropathy in
7% of the patients studied.

As for the CAD protocol infusion sequence (Fig. 7.8), it starts with docetaxel,
which is a cycle-specific drug and has an irritant or vesicant characteristic, followed
by carboplatin, which is a non-cell cycle specific [86].

7.2.1.6 CAG Protocol (Carboplatin and Gemcitabine)

Carboplatin combined with gemcitabine is used in the treatment of advanced ovar-
ian cancer in patients who have progressed or recurred after first-line platinum-
based treatment [87, 88]. du Bois et al. [87] evaluated the efficacy and safety of the
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Fig. 7.9 CAG protocol infusion sequence

CAG protocol as a second line in the treatment of platinum-sensitive ovarian cancer.
The authors noted that the protocol was well tolerated, with myelosuppression as
dose-limiting toxicity, with thrombocytopenia being the main side effect. The objec-
tive response to treatment was 62.5% of patients and median progression of
10 months with overall survival of more than 18 months.

Pfisterer et al. [89] evaluated the effectiveness of combination therapy with gem-
citabine and carboplatin in the treatment of recurrent ovarian cancer. The combina-
tion promoted a progression-free survival of 8.6 months, a response rate of 47.2%,
and an overall survival hazard ratio of 0.96. In another study, Pfisterer et al. [88]
compared the CAG protocol with carboplatin as monotherapy in platinum-sensitive
recurrent ovarian cancer. The CAG protocol significantly improved progression-
free survival (from 5.8 to 8.6 months) and response rate (from 30.9% to 47.2%)
without inducing a worsening in quality of life.

Sufliarsky et al. [90] used the combination of gemcitabine and carboplatin to
treat patients with relapsed ovarian cancer. The authors noted that the protocol pro-
moted an 83% survival rate and the response rate was 67.3%. As for toxicity, the
most common were leukopenia, anemia, neutropenia, and thrombocytopenia.

As for the order of infusion of the CAG protocol, Wang et al. [91] highlight in
their study that the synergistic effect seems to be schedule dependent. When gem-
citabine is administered first or even concomitantly with carboplatin, they seem to
show the synergistic effect, but when carboplatin is administered first, it has a mod-
erate antagonistic effect. Because gemcitabine is cell cycle specific and the findings
of Wang et al. [91], perhaps the administration of gemcitabine followed by carbo-
platin is more appropriate (Fig. 7.9) [92, 93].

7.2.1.7 PLDC Protocol (Pegylated Liposomal Doxorubicin
and Carboplatin)

The combination of pegylated liposomal doxorubicin with carboplatin is indicated
in the first-line treatment of epithelial ovarian cancer [40, 41, 94, 95]. Pegylated
liposomal doxorubicin (Fig. 7.10) is the drug encapsulated in liposomes, thereby
reducing its toxicity and increasing its therapeutic efficacy [96-99].

Pujade-Lauraine et al. [100] compared the combination of pegylated liposomal
doxorubicin and carboplatin with paclitaxel and carboplatin in the treatment of
platinum-sensitive ovarian cancer in late recurrence. The protocol containing lipo-
somal doxorubicin was superior to the protocol containing paclitaxel in terms of
progression-free survival outcomes (11.3 months for the doxorubicin protocol com-
pared to 9.4 months for the paclitaxel protocol).
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Fig. 7.10 Doxorubicin
encapsulated in pegylated

liposomes. (Source: PEG
Created with
BioRender.com)

#Doxorubicin

Fig. 7.11 PLDC protocol infusion sequence

In a phase 2 study, Weber et al. [94] evaluated the effectiveness of the PLDC
protocol in late recurrence ovarian cancer. The protocol promoted an objective
response rate of 65.4%, progression-free survival of 13.6 months, and overall sur-
vival of 38.9 months. No cases of cardiotoxicity were identified, thus supporting the
tolerability of pegylated liposomal doxorubicin combined with carboplatin.

Ferrero et al. [101], in a phase 2 study, used the combination of the PLDC proto-
col in the second-line treatment of advanced ovarian cancer in late recurrence. The
protocol proved to be highly effective, with an overall response of 63% with 38% of
patients having a complete response. Progression-free survival was 9.4 months, and
overall survival was 32 months. The most frequent toxicity was neutropenia in 51%
of patients. As for the infusion sequence, the PLDC protocol starts with pegylated
liposomal doxorubicin as it has a targeted action, followed by carboplatin
(Fig. 7.11) [102].

7.2.1.8 BEVG Protocol (Bevacizumab and Gemcitabine)

The BEVG protocol combines bevacizumab with gemcitabine for the treatment of
platinum-resistant epithelial ovarian cancer [103—105]. Kogiku et al. [104] observed
the feasibility of the BEVG protocol in the treatment of platinum-resistant epithelial
ovarian cancer, in which the authors observed that the protocol promoted a response
rate of 66.7%, showing its efficacy and safety, with the main toxicity being neutro-
penia, thrombocytopenia, and hypertension.
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Fig. 7.12 BEVG protocol infusion sequence

Takasaki et al. [105] highlight that the addition of bevacizumab combined with
gemcitabine improved progression-free survival and overall survival in patients
with platinum-resistant recurrent ovarian cancer, with a response rate of 38.9%. In
a phase 2 study, Nagao et al. [106] evaluated the efficacy of a combination of
bevacizumab and gemcitabine in recurrent epithelial ovarian, primary peritoneal,
or platinum-resistant fallopian tube cancer. The authors observed an objective
response rate of 42% and a clinical control rate of 84%. Progression-free survival
for the protocol was 5.1 months, and overall survival was 21.3 months. The toxic-
ity profile was similar to other studies with cases of neutropenia, anemia, throm-
bocytopenia, and hypertension. As for the infusion sequence of the BEVG
protocol, it might be interesting to start with bevacizumab, which is a monoclonal
antibody with a target-directed action, followed by gemcitabine (Fig. 7.12)
[92, 107].

7.2.1.9 BEVPLD Protocol (Bevacizumab and Pegylated
Liposomal Doxorubicin)

The BEVPLD protocol combines bevacizumab with pegylated liposomal doxorubi-
cin in the treatment of platinum-resistant epithelial ovarian cancer [108, 109]. The
combination proved to be effective in the phase 2 study by Verschraegen et al. [110],
in patients with platinum and taxane-resistant ovarian cancer. The protocol pro-
moted a progression-free survival of 6.6 months and overall survival of 33.2 months.
As for toxicity, mucosal and dermal erosions and asymptomatic cardiac dysfunction
were observed.

The role of bevacizumab in the treatment of ovarian cancer has gained promi-
nence because, when associated with chemotherapy, it has improved the overall
survival and progression-free survival of patients with ovarian cancer [111].
According to Bamias et al. [112], the inclusion of bevacizumab in platinum-resistant
ovarian cancer therapy improves overall survival and maximizes the likelihood of
active treatment for this type of cancer.

As for the protocol infusion sequence, care should be taken with possible allergic
reactions developed by the patients, observing whether fever, chills, skin rash, pru-
ritus, urticaria, or angioedema during the infusion and the infusion should be inter-
rupted. As bevacizumab is a target-directed drug, it initiates infusion followed by
infusion of pegylated liposomal doxorubicin (Fig. 7.13) [113].
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Fig. 7.13 BEVPLD protocol infusion sequence

-

Fig. 7.14 BEVP protocol infusion sequence

7.2.1.10 BEVP Protocol (Bevacizumab and Paclitaxel)

Another protocol that includes bevacizumab is BEVP, which combines with pacli-
taxel in the treatment of platinum-resistant epithelial ovarian cancer [108, 114,
115]. In a phase 3 study, Perren et al. [114] evaluated the combination of bevaci-
zumab with paclitaxel and carboplatin. The inclusion of bevacizumab resulted in an
increase in overall survival to 36.6 months and progression-free survival to
18.1 months. Similar results were observed by Burger et al. [116] who also observed
an increase in progression-free survival with the association of bevacizumab with
chemotherapy to 14.1 months.

Lee et al. [117] highlight that the combination of bevacizumab and paclitaxel
promoted a progression-free survival of 8.3 months and overall survival of
21 months. Regarding toxicity, the protocol induced the development of neutrope-
nia, thrombocytopenia, anemia, and hypertension. As for the order of infusion,
Tinker [118] recommends starting with paclitaxel followed by bevacizumab
(Fig. 7.14).

7.2.2 Chemotherapy for the Treatment of Non-epithelial
Ovarian Cancer

Treatment modalities for non-epithelial ovarian cancer include surgery that may or
may not preserve fertility, cytoreductive, and rescue. In the initial stage, it usually
opts for a conservative approach, in more advanced cases, bilateral oophorectomy,
which can be combined with radiotherapy [119-121].

Adjuvant treatment with combined chemotherapy is also one of the therapeutic
options, with platinum-based protocols being the standard treatment for non-
epithelial ovarian cancer [120, 121]. The ETCIS protocol, discussed in Chap. 5,
which combines etoposide and cisplatin in the treatment of cancers of the gastroin-
testinal tract, may be indicated in the treatment of non-dysgerminomatous ovarian
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germ cells. Another protocol also widely used is the BEP protocol, which is indi-
cated for the treatment of genitourinary cancers, discussed in Chap. 4 and which has
been indicated for the treatment of non-dysgerminomatous ovarian germ cell cancer
[121-123].

7.3 Pathophysiology of Cervical Cancer

In 2020, 604,000 cases of cervical cancer and 342,000 deaths were reported world-
wide [1]. More than 500,000 new cases of cervical cancer are reported annually,
with approximately 250,000 deaths annually. In 2018, cervical cancer was the
fourth most common in women, behind breast, colorectal, and lung cancer
[124, 125].

About 99% of cases of cervical cancer are related to high-risk HPV infection,
being a very common virus transmitted through sexual contact. HPV infection is
mainly asymptomatic and transient, in which only 20% develop premalignant
lesions, with a small portion becoming malignant [11, 126—128]. The integration of
HPYV into the cell genome appears to be an important step in the cancer development
process, associated with genetic mutations that induce immune system failure
[129-131].

Cervical cancer (Fig. 7.15) is classified based on morphological criteria such as
squamous cell carcinoma, adenocarcinoma, or adenosquamous carcinoma. Most
cervical cancers are squamous cell carcinomas, followed by adenocarcinomas,
while sarcomas and small cell neuroendocrine tumors are rare [132—134]. Cervical
cancer usually spreads either by direct extension to surrounding tissues or via the
lymph node pathway to pelvic and para-aortic lymph nodes [135, 136].

As for the staging of cervical cancer, in stage 1, there is a small amount of tumor,
which can be viewed under a microscope, with less than 3 mm in-depth, and in the
case of stage 1B3, it can present up to 4 cm and be limited to the cervix. In stage 2,

Fig. 7.15 Cervical cancer. (Source: Created with BioRender.com)
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the tumor is larger, may have a size greater than 4 cm, and may have spread to
nearby tissues [137, 138].

In stage 3, the tumor may have invaded the lower part of the vagina or the walls
of the pelvis, blocking the ureters and spreading to nearby pelvic lymph nodes or
para-aortic lymph nodes. In stage 4, the tumor has spread to other organs such as the
bladder, rectum, lungs, or bones, as well as to distant lymph nodes [135, 137, 138].

7.3.1 Chemotherapy for the Treatment of Cervical Cancer

The main therapeutic options for the treatment of cervical cancer include surgery,
radiotherapy, chemotherapy, targeted therapy, and immunotherapy, which can be
used alone or in combination [139, 140]. The choice of therapeutic option will
depend on the stage of cancer, wherein the early stages, treatment of cervical cancer
can be through surgery or radiotherapy combined with chemotherapy. In the later
stages, radiotherapy combined with chemotherapy has generally been the main
treatment option. Chemotherapy alone is often used to treat advanced cervical can-
cer [141-146].

Among the chemotherapeutic agents indicated, cisplatin is widely used; as
monotherapy associated with radiotherapy, it is used in the treatment of high-risk
squamous cell carcinoma, adenocarcinoma, or adenosquamous carcinoma of the
cervix [147-150]. Regarding combinations, the association of carboplatin with
paclitaxel, used in the treatment of cancers of the gastrointestinal tract (see Chap. 5),
has been indicated for the primary adjuvant treatment of adenocarcinoma/adeno-
squamous cancer of the cervix before or following irradiation with or without cis-
platin and in the primary treatment of recurrent/advanced non-small cell cancer of
the cervix [151-153].

The CAPBEV protocol (Sect. 7.2.1.2), indicated for ovarian cancer, is also indi-
cated for the primary treatment of metastatic or recurrent cervical cancer [154—156].
The use of bevacizumab combined with carboplatin and paclitaxel promoted an
overall response rate of 44%, with a progression-free survival of 5.3 months, and
overall survival of 12.1 months in the study by Tinker et al. [155]. In the study by
Tao et al. [157], in the treatment of advanced cervical cancer, the CAPBEYV protocol
promoted an overall survival of 24.52 months.

The CAD protocol, also indicated for ovarian cancer (Sect. 7.2.1.5), is used for
the treatment of advanced/recurrent non-small cell cancer of the cervix. Rein et al.
[158] evidenced the efficacy of the combination of carboplatin and docetaxel in the
treatment of locally advanced primary and recurrent cervical cancer. The protocol
promoted a response rate of 65%, with generally mild non-hematological toxicity.

Nagao et al. [159] evaluated the effectiveness of the CAD protocol in the treat-
ment of advanced or recurrent cervical cancer, highlighting its safety and efficacy
and promoting an overall response rate of 76%. The protocol induced grade 3/4
toxicity, which included neutropenia, thrombocytopenia, and anemia.



7.4 Pathophysiology of Endometrial Cancer 247

In a phase 2 study, Shimada et al. [160] used the combination of docetaxel with
carboplatin in patients at stage IVB or with recurrent non-squamous cell carcinoma
of the cervix. The results demonstrated the protocol’s effectiveness, with a response
rate of 47.9%, disease control rate of 77.1%, progression-free survival of 6.1 months,
and overall survival of 15.8 months. Toxicity was similar to other studies with cases
of neutropenia being the most frequent.

7.4 Pathophysiology of Endometrial Cancer

Uterine cancer is the second most common gynecological cancer in the world,
second only to cervical cancer. More than 90% of uterine cancers are endome-
trial, originating in the epithelium [161, 162]. In Western populations, White
women have a high incidence of endometrial cancer. Excess endogenous or
exogenous estrogen is the main risk factor for endometrial cancer. One genetic
risk factor is Lynch syndrome, which causes germ line mutation in the DNA
mismatch repair gene. Other risk factors for endometrial cancer involve repro-
duction, such as early age at menarche, late age at menopause, and nulliparity
[163-166].

Preinvasive intraepithelial lesions initiate the development of endometrial carci-
nomas, which progress to fully developed invasive cancers involving the endome-
trial stroma. With tumor growth, endometrial cancer can spread through lymphatic
channels to the cervix, stroma, fallopian tubes, and ovaries [167].

Endometrial cancer (Fig. 7.16), when in stage 1, presents itself confined to the
body of the uterus, limited to the endometrium or with less, equal to or greater than
50% invasion in the myometrium. In stage 2, the tumor invades the cervical stroma
but does not go beyond the uterus. In stage 3, the tumor presents local or regional
extension and may have vaginal or parametrial involvement, as well as the presence
of regional lymph node metastases, while in stage 4, the tumor invaded other organs
such as bladder, bowel mucosa, lung, bone, and liver [167-169].

Fig. 7.16 Stages of endometrial cancer. (a) Stage 1A with tumor located in the endometrium; (b)
Stage 1B with tumor invasion of the myometrium; (c¢) Stage 2 with tumor spread to the cervix; (d)
Stage 3 with tumor spread to the ovary, cervix, and vagina; and (e) Stage 4 with tumor spread to
bone and liver. (Source: Created with BioRender.com)
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7.4.1 Chemotherapy for the Treatment of Endometrial Cancer

Treatment modalities for endometrial cancer include surgery, radiation therapy, che-
motherapy, and hormone therapy [170, 171]. When the tumor is located in the body
of the uterus or invades only the endometrium or myometrium, the indicated treat-
ment is surgery, which can be combined with chemotherapy and/or radiotherapy.
The surgical procedure can include the removal of the uterus, fallopian tubes, and
ovaries, in which rare and aggressive tumors remove the pelvic lymph nodes and
some of the abdomen [167, 172, 173].

In the treatment of stage 2 endometrial cancer, where the tumor has not yet devel-
oped outside the uterus, one treatment option is to perform surgery with radical
hysterectomy first, followed by radiation therapy through vaginal brachytherapy,
and external pelvic radiation therapy [174—176]. In stage 3, surgery may also be
indicated if the entire tumor can be removed, if it is observed that the tumor has
spread, radiotherapy may be indicated before surgery to shrink the tumor. Treatment
after surgery with chemotherapy and/or radiotherapy may also be indicated
[177,178].

In stage 4, where the tumor has spread to other organs, the combination of anti-
cancer drugs can be indicated, as well as targeted therapy, immunotherapeutic, and
hormone therapy [178—180]. The use of doxorubicin as monotherapy has been indi-
cated for the treatment of advanced endometrial cancer, as well as hormone therapy
with aromatase inhibitors [181-183]. Some endometrial cancer cells may be sensi-
tive to hormonal action, thus preventing tumor growth due to blocking or antagonis-
tic effects of hormonal effects [184, 185].

Some combinations that are used in other tumors may also be indicated in the
treatment of endometrial cancer, as in the case of the combination between carbo-
platin and docetaxel, which is used in ovarian cancer (Sect. 7.2.1.5), has been used
in the treatment of advanced or recurrent primary endometrial cancer [186—188].
Another combination used in the treatment of advanced or recurrent primary endo-
metrial cancer is carboplatin combined with paclitaxel (see infusion sequence in
Chap. 5) [51-53, 189-191].

7.5 Pathophysiology of Gestational Trophoblastic Neoplasia

Epidemiological data for gestational trophoblastic neoplasia is unclear, due to lim-
ited information that is based on hospital data rather than population-based, and
data may be based on only one hospital. The presence of hydatidiform mole may
predispose to the development of gestational trophoblastic neoplasia, being associ-
ated with gametogenesis and/or abnormal fertilization. The incidence of gestational
trophoblastic neoplasia is mirrored in the incidence of hydatidiform mole due to the
strong association, with higher numbers in India and Indonesia and lower numbers
in Southeast Asia, North America, Europe, and Oceania [192—195].

Some risk factors for the development of gestational trophoblastic neoplasia
include age, age during pregnancy, genetics, ethnicity, and the use of contraceptives,



7.5 Pathophysiology of Gestational Trophoblastic Neoplasia 249
a b c

Fig. 7.17 Gestational trophoblastic neoplasm: hydatidiform spring (a), invasive spring (b), and
choriocarcinoma (¢). (Source: Created with BioRender.com)

which are involved in the risk factor for the development of hydatidiform mole [193,
196, 197].

About 50% of gestational trophoblastic neoplasms develop from a molar preg-
nancy, 25% due to miscarriages or tubal pregnancy, and 25% due to term or pre-
term pregnancy. Of the trophoblastic neoplasms that occur due to molar pregnancy,
the vast majority develop as molar tissue or choriocarcinoma (Fig. 7.17), or in
rarer cases as a trophoblastic tumor with a placental or epithelioid location
[198-202].

As for the staging of gestational trophoblastic neoplasia, in stage 1, the disease is
found only in the uterus, whereas in stage 2, the neoplasm extends outside the uterus
but is limited to the genital structures. In stage 3, the trophoblastic neoplasm has
spread to the lungs and may or may not involve the genital tract, and in stage 4, the
tumor has already spread to distant organs and/or tissues [199].

7.5.1 Chemotherapy for the Treatment of Gestational
Trophoblastic Neoplasia

The treatment of gestational trophoblastic neoplasia is based on the patient’s stag-
ing, in which, in stage 1, when the tumor is located in the uterus, the use of chemo-
therapy is indicated, as well as surgery, through hysterectomy [203-205]. In more
advanced stages, such as in stages 2 and 3, treatment is based on chemotherapy,
which can be either single-agent therapy or combined therapy. In cases of placental
trophoblastic tumors and epithelioid tumors that do not respond very well to chemo-
therapy, they are treated with surgery [206-209].

In cases of stage 4 trophoblastic tumors, in which the tumor has spread to other
organs such as the liver or brain, standard treatment includes combinations of anti-
neoplastic agents, and the tumor may be removed by surgical procedure along with
chemotherapy. Radiotherapy may also be indicated in the treatment of metastases,
such as in the case of brain metastases [207, 210-212].

Among the drugs used as monotherapy, they may include methotrexate, as well
as dactinomycin, which has been indicated in the treatment of low-risk gestational
trophoblastic cancer [213-216]. Some combinations of chemotherapy [51-53] used
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in the treatment of gestational trophoblastic neoplasia will be mentioned in the
next topics.

7.5.1.1 EMA-CO Protocol (Etoposide, Methotrexate, Actinomycin D,
Leucovorin, Cyclophosphamide, and Vincristine)

The EMA-CO protocol, indicated for the treatment of high-risk gestational tropho-
blastic neoplasia, combines the drugs etoposide, methotrexate, leucovorin, (calcium
folinate), actinomycin D, cyclophosphamide, and vincristine [217-219]. According
to Alifrangis et al. [218], the EMA-CO protocol was effective in the treatment of
high-risk gestational trophoblastic neoplasia, promoting an overall survival of
94.3%, and in low-risk patients, it promoted an overall survival of 99.6%.

Lurain, Singh, and Schink [220] evaluated the efficacy of the EMA-CO protocol
as primary therapy for high-risk metastatic gestational trophoblastic neoplasia, pro-
moting an overall survival rate of 93.3%. In another study, Lu et al. [221] found an
overall survival rate of 87% in patients with high-risk gestational trophoblastic neo-
plasia. Lybol et al. [222] observed that the EMA-CO protocol promoted a remission
rate of 85.4% in the treatment of high-risk gestational trophoblastic neoplasia, with
a toxicity profile that included anemia, neuropathy, and hepatotoxicity.

Despite the benefits demonstrated by the EMA-CO protocol in gestational tro-
phoblastic neoplasia, many patients develop resistance to the protocol, and the indi-
cation of alternative protocols should be evaluated [223, 224]. The EMA-CO
protocol is based on the application on day 1 of the combination of etoposide, acti-
nomycin D, and methotrexate, followed on day 2 by the infusion of etoposide, acti-
nomycin D, and leucovorin, and finally on day 8, the infusion of vincristine and
cyclophosphamide. Figure 7.18 shows the protocol infusion sequence [225, 226].

Day 1
— i —
Day 2
— i — 88
Day 8

—

Fig. 7.18 Infusion schedule for the EMA-CO protocol
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Fig. 7.19 DM protocol infusion schedule
7.5.1.2 DM Protocol (Actinomycin D and Methotrexate)

The combination of actinomycin D and methotrexate has been used in the treatment
of moderate-risk gestational trophoblastic cancer [227]. Actinomycin D is an anti-
neoplastic antibiotic, acting by inhibiting DNA-dependent RNA synthesis through
complex formation with DNA due to intercalation with guanine residues. The com-
bination of actinomycin D with methotrexate has been shown to be effective in the
treatment of gestational trophoblastic neoplasia, where according to Carlson et al.
[228], the combination promoted a primary cure rate of 87.2%, with an average
response time of 56 days.

Eiriksson et al. [229] looked at the effectiveness of the combination in low-risk
gestational trophoblastic neoplasia. The combination promoted a 98% cure rate,
proving to be a reliable protocol and modest toxicity. The results were also promis-
ing in the study by Kang et al. [230], with the combination promoting a complete
remission rate of 96%, showing superior results than groups of patients who received
methotrexate or actinomycin D as monotherapy. Figure 7.19 shows the DM proto-
col infusion schedule [227, 230].
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Chapter 8

Chemotherapeutic Protocols

for the Treatment of Head and Neck
Cancer

8.1 Epidemiological Profile of Head and Neck Cancers

Head and neck cancers are the fifth most common type of cancer worldwide, with
more than 550,000 new cases reported each year. Head and neck tumors, in addition
to their high incidence, also have high mortality and morbidity. According to WHO
data, in 2020, 932,000 cases and 467,000 deaths from head and neck cancers were
reported [1, 2]. Men are more affected than women, with the number of cases in
2020 being 700,000 for men compared with 232,000 cases for women [2]. Figure 8.1
presents the estimate for the year 2040 of the incidence of cases and deaths from
head and neck cancers.

Head and neck cancers comprise cancers that affect the oral cavity, pharynx,
larynx, salivary glands, and among others [1, 3]. These tumors usually start in the
squamous cells that line the surfaces of mucosal of the head and neck such as inside
the mouth, throat, and voice box. Although less frequent, cancers can also start in
the salivary glands, sinuses, or muscles or nerves in the head and neck. Generally
not classified as head and neck cancers are the cancers of the brain, eyes, esophagus,
thyroid gland, and skin of the head and neck [4-7].

Some risk factors for the development of head and neck cancer include alcohol
and tobacco use, infections especially with human papillomavirus (HPV) type 16
and Epstein-Barr virus, genetic disorders, occupational exposure to chemicals, and
radiation [3, 7, 8].
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Fig. 8.1 Estimated incidence of cases and mortality of head and neck cancers for the year 2040.
(Source: Created with BioRender.com and data were extracted from [2])

8.2 Pathophysiology of Nasopharyngeal Carcinoma

Nasopharyngeal cancers (Fig. 8.2) are rare in many countries, but in regions such as
southern China, Southeast Asia, and Africa Notch, the incidence is exceptionally
high. According to the WHO, in 2020, 133,000 cases were reported, of which the
predominance of cases are in men with 96,400 cases and 37,000 in women. As for
mortality, 80 thousand deaths from nasopharyngeal cancer were reported [2, 9].

Most nasopharyngeal cancers originate from squamous cells that line the naso-
pharynx, which is why squamous cell carcinomas are most common in adults [10-
12]. Nasopharyngeal carcinoma can be classified as differentiated and keratinizing
squamous cell carcinoma, differentiated and nonkeratinizing, and undifferentiated
and nonkeratinizing [10, 13-15].

Epstein-Barr virus infection is associated with the development of differentiated,
nonkeratinizing, or undifferentiated, nonkeratinizing squamous cell carcinoma.
Other factors that can contribute to the development of nasopharyngeal carcinoma
are the consumption of salty, smoked, and preserved foods and genetic susceptibil-
ity [14, 16-19].

As for staging, in stage 1, the tumor is located in the nasopharynx, while in stage
2, it extends to the nasal cavity and oropharynx and may present homolateral ade-
nopathy smaller than 6 cm. In stage 3, the tumor invades bone structures or the
paranasal sinuses and may present contralateral or bilateral adenopathy smaller than
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Fig. 8.2 Nasopharyngeal
carcinoma. (Source:
Created with
BioRender.com)

6 cm; in stage 4A, the tumor spreads to the intracranial region and/or in the involve-
ment of the cranial nerves, hypopharynx, infratemporal fossa, and orbits and may
present adenopathy smaller or larger than 6 cm; and in stage 4B, in addition to the
characteristics mentioned in stage 4A, it presents metastases [20-23].

8.2.1 Chemotherapy for the Treatment
of Nasopharyngeal Carcinoma

Treatment of nasopharyngeal carcinoma in early stages may be based on radio-
therapy to the tumor and lymph nodes of the neck in stage 1 patients, or chemotherapy-
associated with radiotherapy in stage 2 patients may also be indicated [24-27]. In
stage 3, the treatment of nasopharyngeal carcinoma can be based on chemotherapy
combined with radiotherapy, as well as radiotherapy followed by surgery to remove
the lymph nodes, and can be indicated. The treatment modalities for stage 4 are
similar to stage 3, with only the possibility of specific chemotherapy being indicated
for metastatic cancer [28-32].

Some antineoplastic agents may be indicated as monotherapy, such as
capecitabine or fluorouracil in the treatment of recurrent or metastatic nasopharyn-
geal cancer [33, 34], gemcitabine in the treatment of locoregionally recurrent/meta-
static non-amenable nasopharyngeal cancer for local curative therapy [35, 36], and
cisplatin as palliative therapy in advanced nasopharyngeal carcinoma [37, 38].
Cisplatin may also be indicated in combination with radiotherapy in the treatment
of locally advanced nasopharyngeal cancer [39, 40].

As a combination therapy, some protocols used in other cancers may also be
indicated, such as the combination of cisplatin and gemcitabine (see Chap. 5),
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which is indicated in the treatment of cancers of the gastrointestinal tract and geni-
tourinary tract and has been used in the treatment of locally advanced nasopharyn-
geal cancer induction [41-43]. Another combination indicated for the treatment of
recurrent or metastatic nasopharyngeal carcinoma is carboplatin combined with
paclitaxel (see infusion sequence in Chap. 5), which is also indicated for the treat-
ment of gastrointestinal and gynecological cancers [44—46]. Other protocols [47—
49] indicated for the treatment of nasopharyngeal cancers will be mentioned in the
next topics.

8.2.1.1 FUP Protocol (5-Fluorouracil and Platinum)

The FUP protocol combines 5-fluorouracil with a platinum compound (carboplatin
or cisplatin) in the treatment of advanced nasopharyngeal cancer [50]. Au and Ang
[51] evaluated the efficacy of the combination of 5-fluorouracil and cisplatin in the
treatment of recurrent or metastatic nasopharyngeal carcinoma. The protocol
induced an overall response rate in 66% of patients, with a median time to progres-
sion of 8 months and median survival of 11 months. In the study by Jin et al. [52],
the combination between 5-fluorouracil and cisplatin showed greater tolerance than
the combination of 5-fluorouracil, cisplatin, and docetaxel, but the efficacy was
lower in the treatment of advanced locoregional nasopharyngeal carcinoma.

The infusion sequence of the combination of 5-fluorouracil and cisplatin
(Fig. 8.3) starts with the infusion of cisplatin because 5-fluorouracil is administered
by continuous infusion using the infusion pump [50, 53].

The association between carboplatin and 5-fluorouracil had similar efficacy
when compared with the combination of cisplatin and 5-fluorouracil [54]. Kua et al.
[54] observed in patients with metastatic and recurrent squamous cell carcinoma
and nasopharyngeal carcinoma a progression-free survival of 7 months in the group
of patients who received cisplatin/5-fluorouracil and 9 months in patients who
received carboplatin/5-fluorouracil and 10-month overall survival for cisplatin/5-
fluorouracil and 12 months in the cisplatin/5-fluorouracil group.

Dechaphunkul et al. [55] evaluated the efficacy of concomitant chemoradiother-
apy with carboplatin followed by the combination of carboplatin and 5-fluorouracil
in locally advanced nasopharyngeal carcinoma. The therapeutic regimen promoted

B—

Fig. 8.3 Infusion sequence of the combination of cisplatin and 5-fluorouracil
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Fig. 8.4 Infusion sequence of the combination between carboplatin and 5-fluorouracil

-

Fig. 8.5 EP protocol infusion sequence

a complete objective response rate of 64%, an overall 3-year survival rate of 89.7%,
and a progression-free survival rate of 72.7%. The main acute toxicity of the regi-
men was weight loss and mucositis. In locally advanced squamous cell carcinoma
of the head and neck, Hanemaaijer et al. [56] found that the combination of carbo-
platin and 5-fluorouracil promoted an overall 3-year survival of 65.4% and 3-year
disease-free survival of 70%. The infusion sequence of the combination of carbo-
platin and 5-fluorouracil (Fig. 8.4) starts with the infusion of carboplatin followed
by the continuous infusion of 5-fluorouracil [50].

8.2.1.2 EP Protocol (Etoposide and Platinum)

The combination of etoposide and platinum (carboplatin or cisplatin) is indicated in
the treatment of recurrent and/or metastatic nasopharyngeal cancer [57]. The study
by Osoba et al. [58] evaluated the use of cisplatin as monotherapy or in combination
in the treatment of recurrent and metastatic head and neck cancer. The combination
of cisplatin and etoposide promoted a response rate of 47%, with a progression time
of 12 weeks and a response duration of 12 weeks. The authors believe that the com-
bination of etoposide and cisplatin has synergistic effects in the treatment of recur-
rent head and neck cancer.

In a phase 2 study, Chi et al. [59] evaluated the efficacy of carboplatin in the
treatment of nasopharyngeal carcinoma, promoting a partial response rate of 44%,
with 47% with stable disease and 9% with progressive disease. The toxicity was
tolerable and carboplatin proved to be effective for the treatment of nasopharyngeal
carcinoma.

The use of carboplatin may be an alternative to replace cisplatin in combination
with etoposide. As for the infusion sequence of the EP protocol, cisplatin or carbo-
platin is administered initially followed by the administration of etoposide
(Fig. 8.5) [57].
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8.2.1.3 PG Protocol (Gemcitabine and Platinum)

Platinum compounds (carboplatin and cisplatin) can also be combined with gem-
citabine in the treatment of locoregionally recurrent and/or metastatic nasopharyn-
geal cancer [60]. Ngan et al. [61] combined gemcitabine plus cisplatin in the
treatment of metastatic or recurrent nasopharyngeal carcinoma. As a result, the
authors found that the combination promoted an overall response rate of 73% and
mean duration of response of 5.3 months. Protocol toxicity was mainly hematologic
with induction of anemia, granulocytopenia, and thrombocytopenia.

According to Hsieh et al. [62], in Taiwanese patients with recurrent or metastatic
nasopharyngeal carcinoma, the combination of gemcitabine and cisplatin promoted
an overall response rate of 51.9%, overall survival of 14.6 months, and progression-
free survival of 9.8 months. The main toxicity was leukopenia, proving to be a toler-
able protocol.

Zhang et al. [43] found that the combination of gemcitabine and cisplatin pro-
moted a 3-year recurrence-free survival of 85.3%, 3-year overall survival of 94.6%,
and an incidence of adverse events of 75.7% in patients with carcinoma of the naso-
pharynx. Major adverse events included neutropenia, thrombocytopenia, anemia,
nausea, and vomiting.

Beldjilali et al. [63] evaluated the efficacy of carboplatin with gemcitabine in the
treatment of recurrent nasopharyngeal carcinoma. The combination promoted a
median overall survival of 8.2 months and a partial response rate of 32%. The toxic-
ity profile was similar to the combination of cisplatin with gemcitabine, inducing
anemia, granulocytopenia, and thrombocytopenia. Lim et al. [64], in a phase 2
study, evaluated the treatment of locally advanced nasopharyngeal carcinoma with
a combination of carboplatin and gemcitabine followed by chemoradiotherapy. The
protocol promoted an overall 3-year survival rate of 89.3%, proving to be a tolerable
combination.

The combination of gemcitabine plus platinum promoted a progression-free sur-
vival of 10.3 months and overall survival of 42.8 months, in the study by Chen et al.
[65] in patients with recurrent or metastatic nasopharyngeal carcinoma. The proto-
col also promoted an objective response rate of 67.9% and a disease control rate of
92.9%. As for the infusion sequence, the PG protocol starts with the infusion of
gemcitabine followed by platinum (carboplatin or cisplatin) (Fig. 8.6) [60].

)

Fig. 8.6 PG protocol infusion sequence
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8.3 Pathophysiology of Squamous Cell Carcinoma

Of all head and neck cancers, about 90% are squamous cell carcinomas, being the
sixth most incident cancer worldwide, with an estimated increase in incidence for
2030 of 30% [5, 66]. Head and neck squamous cell cancer originates from the
mucosal epithelium in the oral cavity, pharynx, and larynx and is associated with
several risk factors such as tobacco and alcohol consumption and HPV infections.
In Southeast Asia and Australia, the high prevalence of squamous cell carcinoma of
the head and neck seems to be associated with the consumption of products contain-
ing carcinogens; on the other hand, in the United States and Europe, oropharyngeal
infections by HPV are responsible for the high prevalence. As for gender, men are
more probability, with a risk two to four times greater than women [5, 67-70].

The development of squamous cell carcinoma (Fig. 8.7) starts with epithelial cell
hyperplasia followed by dysplasia (mild, moderate, and severe), then carcinoma in
situ, and finally invasive carcinoma [5, 71, 72]. Due to the heterogeneity of squa-
mous cell carcinoma, the cell of origin will depend on the anatomical location and
the etiological agent and may also develop from adult stem cells or progenitor cells,
giving rise to cancer stem cells with self-renewal and pluripotency [5].

8.3.1 Chemotherapy for the Treatment of Head and Neck
Squamous Cell Carcinoma

The treatment of early-stage squamous cell carcinoma of the head and neck may be
based on a surgical procedure in cases of tumors in the oral cavity and may be asso-
ciated with the removal of lymph nodes in the neck. Postoperative radiotherapy may

Benign Squamous . Dysplasia . Carcinoma in situ Carcinoma
Hyperplasia

Fig. 8.7 Development of head and neck squamous cell carcinoma. (Source: Created with
BioRender.com)
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also be indicated in patients with compromised resection margins. Surgery and
radiotherapy can also be used in HPV negative oropharyngeal tumors, whereas in
HPYV positive, radiotherapy with or without chemotherapy is indicated [5, 73, 74].

In patients with advanced squamous cell carcinoma of the oral cavity, surgery
may be indicated to remove the lymph nodes followed by radiotherapy with or with-
out chemotherapy. As for oropharyngeal, hypopharyngeal, and laryngeal tumors,
the treatment of choice may be radiotherapy associated with chemotherapy. In
patients who present distant metastases, multidrug therapy may be indicated [S5,
75, 76].

As monotherapy, cisplatin may be indicated in the treatment of locally advanced
squamous cell carcinoma and advanced squamous cell carcinoma of the head and
neck, carboplatin, and cetuximab in the treatment of locally advanced squamous
cell carcinoma of the head and neck associated with radiotherapy [77-79].
Capecitabine or 5-fluorouracil is indicated in the treatment of recurrent or meta-
static squamous cells of the head and neck, docetaxel in recurrent or metastatic
squamous cell carcinoma, nivolumab as palliative therapy in squamous cell cancer,
and pembrolizumab as the first line in squamous cell carcinoma advanced
[48, 80-83].

Some protocols used in the treatment of nasopharyngeal carcinomas, such as the
FUP protocol (topic 8.2.1.1) and the EP (topic 8.2.1.2), may also be indicated in the
treatment of advanced squamous cell carcinoma and recurrent and metastatic squa-
mous cell carcinoma, respectively [48, 56, 84—-86]. Other protocols [47—49] used in
the treatment of squamous cell carcinoma of the head and neck will be covered in
the next topics.

8.3.1.1 DCF Protocol (Docetaxel, Cisplatin, and 5-Fluorouracil)

The combination of docetaxel, cisplatin, and 5-fluorouracil is indicated in the treat-
ment of locally advanced squamous cell carcinoma of the head and neck [87, 88].
Schrijvers et al. [89] performed a phase 1-2 study using the DCF protocol in the
treatment of locally advanced non-resectable head and neck cancer. As a result, the
authors observed that the protocol promoted a response rate of 64% at level 1 and
78.3% at level 2. The limiting toxicity of the protocol was renal toxicity, nausea,
stomatitis, and thrombocytopenia.

In another study, Haddad et al. [90] used the DCF protocol as induction chemo-
therapy for locally advanced squamous cell carcinoma of the head and neck. The
protocol induced an overall response rate of 67%, leading the authors to conclude
that the inclusion of docetaxel in the combination of cisplatin and 5-fluorouracil
incrementally increased the effectiveness of the combination.



8.3 Pathophysiology of Squamous Cell Carcinoma 275

[ ] Lo ] o

Fig. 8.8 DCEF protocol infusion sequence

Komatsu et al. [91] evaluated chemoradiotherapy concomitantly with the DCF
protocol in patients with locally advanced squamous cell carcinoma of the head and
neck. The regimen promoted an overall response rate of 97.1%, with an overall 3-
and 5-year survival rate of 83.3% and 79.2%, respectively. Regarding the infusion
sequence of the DCF protocol (Fig. 8.8), it starts with the infusion of docetaxel as it
is a specific cycle, followed by cisplatin, and finally the administration of
5-fluorouracil by continuous infusion [92, 93].

8.3.1.2 PC Protocol (Paclitaxel and Carboplatin or Cisplatin)

The PC protocol combines paclitaxel with carboplatin or cisplatin for the treatment
of unresectable, locoregionally recurrent, or metastatic head and neck squamous
cell carcinoma. The combination of paclitaxel with carboplatin in the treatment of
recurrent or metastatic head and neck cancer was studied by Fountzilas et al. [94]
who observed the effectiveness of the PC protocol. The overall protocol response
rate was 20%, with a toxicity profile that included anemia, leukopenia, thrombocy-
topenia, vomiting, stomatitis, and infection.

In another study, Fountzilas et al. [95] evaluated the combination with a 3-hour
infusion of paclitaxel plus carboplatin in advanced nasopharyngeal carcinoma and
other head and neck tumors. The protocol proved to be effective, promoting an
overall response rate of 57%, with a toxicity profile similar to the previous study
with the development of anemia, leukopenia, thrombocytopenia, stomatitis, nausea/
vomiting, and diarrhea.

Pergolizzi et al. [96] evaluated the combination of paclitaxel and cisplatin as
induction chemotherapy in the treatment of locoregional advanced squamous cell
carcinoma. Induction therapy led to an overall response in 74.4% of the patients
studied, with a 3- and 5-year disease progression rate of 33% and 23%, respectively,
and overall survival of 24 months.

Langer et al. [97] also evaluated the efficacy of the combination of paclitaxel and
cisplatin in recurrent squamous cell carcinoma of the head and neck. The authors
obtained as a result a median survival time of 12.1 months and overall survival at 1
and 2 years of 50.2% and 25.9%, respectively. Regarding the infusion sequence, the
PC protocol starts with the infusion of paclitaxel as it is a specific cycle followed by
the infusion of cisplatin or carboplatin (Fig. 8.9) [98].
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Fig. 8.9 PC protocol infusion sequence combining paclitaxel with carboplatin (a) or paclitaxel
with cisplatin (b)
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Fig. 8.10 PCP protocol infusion sequence
8.3.1.3 PCP Protocol (Paclitaxel, Carboplatin, and Pembrolizumab)

Pembrolizumab, which is a monoclonal antibody that acts on PD-L1 overexpressing
tumors, may be indicated for the first-line treatment of advanced head and neck
squamous cell carcinoma combined with paclitaxel and carboplatin [99, 100].
Valadez et al. [101] evaluated the combination of carboplatin, paclitaxel, and pem-
brolizumab in the first-line treatment of recurrent and/or metastatic squamous cell
carcinoma of the head and neck. The authors noted that the combination induced an
overall response rate of 78%, proving to be an active protocol for squamous cell
carcinoma.

Cabezas-Camarero et al. [102] evaluated the efficacy of the PCP protocol as a
second line in oral cavity cancer, in a case report. As a result, the authors observed
that the second-line protocol induced a deep and lasting response in oral cavity
cancer. As for the infusion sequence of the PCP protocol (Fig. 8.10), starting with
the administration of pembrolizumab, only in cases where the patient has presented
reactions before the infusion of pembrolizumab is it indicated to start with pacli-
taxel, after the administration of pembrolizumab followed with the infusion of
paclitaxel and finally carboplatin [103].

8.3.1.4 PFP Protocol (Platinum, 5-Fluorouracil, and Pembrolizumab)

Pembrolizumab can also be combined with a platinum compound (carboplatin or
cisplatin) and 5-fluorouracil in the first-line treatment of advanced squamous cell
carcinoma of the head and neck [104]. Rischin et al. [105] evaluated the efficacy of
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the PFP protocol as a first line in recurrent/metastatic squamous cell carcinoma of
the head and neck. The results showed an objective response rate of 42.9% and
overall survival of 14.7 months.

Burtness et al. [82] evaluated the efficacy of pembrolizumab alone or in combi-
nation with 5-fluorouracil and platinum. The PFP protocol improved overall sur-
vival to 13 months compared with the protocol containing cetuximab instead of
pembrolizumab, but the inclusion of pembrolizumab did not improve progression-
free survival. As for the infusion sequence, the PFP protocol starts with pembroli-
zumab as it is a target-directed drug followed by platinum (carboplatin or cisplatin)
and finally the continuous infusion of 5-fluorouracil (Fig. 8.11) [106].

8.3.1.5 PD Protocol (Platinum and Docetaxel)

The PD protocol combines platinum (carboplatin or cisplatin) and docetaxel in the
treatment of recurrent or metastatic squamous cell carcinoma of the head and neck
[48, 107]. Kucukzeybek et al. [107] demonstrate the effectiveness of the PD proto-
col in the treatment of locally advanced or metastatic head and neck cancer. The
protocol promoted an overall response rate of 33%, with a disease control rate of
83% and overall survival of 19 months. Hematological toxicity was the most fre-
quent, affecting about 54% of patients.

The combination of docetaxel and cisplatin was evaluated by Gedlicka et al.
[108] in the treatment of recurrent and/or metastatic squamous cell carcinoma
of the head and neck. As a result, the overall response rate was 52.5%, and the
overall survival was 11 months. As for toxicity, myelosuppression was more
frequent. Schoffski et al. [109] report the efficacy of the combination of cispla-
tin and docetaxel in locally advanced, recurrent, or metastatic squamous cell
carcinoma of the head and neck, showing an overall response rate of 53.7%.
Regarding the infusion sequence, the PD protocol starts with the infusion of
docetaxel as it is a specific cycle followed by platinum (carboplatin or cisplatin)
(Fig. 8.12) [110].
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8.4 Pathophysiology of Salivary Tumors

Salivary tumors (Fig. 8.13) are uncommon, corresponding to about 3—10% of head
and neck neoplasms. The incidence rate ranges from 0.4 to 13.5 cases per 100,000
population, most of which are benign salivary gland tumors [111-113].
Mucoepidermoid carcinoma is the most common neoplasm of the salivary gland in
adults and children, with 89% in the parotid gland, while 8.4% are tumors in the
submandibular gland. Although less common, submandibular gland tumors have a
higher frequency of malignancy than that of the parotid gland [114-117].

Mucoepidermoid carcinoma starts from the epithelium of the interlobular and
intralobular salivary ducts. Some genetic factors are associated with the develop-
ment of salivary cancers, the most common being chromosomal translocation, being
present in 50-70% of patients with mucoepidermoid carcinoma and more than 50%
of patients with adenoid cystic carcinoma tumors [6, 118].

The presence of biological receptors has been identified, such as the epidermal
growth factor receptor (EGFR) in 71% of salivary gland cancers and the human
epidermal growth factor receptor 2 (HER2) present in cancers derived from the
intercalated ducts of the salivary glands, as in adenoid cystic carcinoma. Hormone

Parotid gland

Submandibular gland
Sublingual gland

Fig. 8.13 Salivary tumors located in the parotid and submandibular glands. (Source: Created with
BioRender.com)
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receptors have also been found in benign and malignant salivary gland neoplasms
[6, 119, 120].

8.4.1 Chemotherapy for the Treatment of Salivary Tumors

The treatment of benign tumors is performed through a surgical procedure. In the
case of malignant tumors of the salivary glands, surgery may be indicated followed
by radiotherapy [121-123]. In more advanced cases, when there is the dissemina-
tion of the tumor to the lymph nodes, extensive surgery is indicated, with the
removal of the salivary gland and adjacent tissues and lymph nodes in the neck, and
radiotherapy with or without chemotherapy may be indicated [123-127].

In stage 4 tumors, when distant metastases are present, surgery may be indicated
as long as it is possible to remove the tumor, followed by radiotherapy and chemo-
therapy. In most cases, radiotherapy can be used to reduce the size of the tumor and
to relieve pain, bleeding, or other symptoms caused by cancer [124, 127-129].

Hormone therapy may be indicated in the treatment of salivary tumors; an exam-
ple is tamoxifen, which may be indicated in the treatment of recurrent/metastatic
salivary gland cancers of the head and neck [130]. The combination of chemother-
apy is also indicated, for example, the FAC protocol, used in the treatment of breast
cancer (see Chap. 4), being indicated as palliative therapy for advanced salivary
gland cancer, and the FUP protocol, indicated in the treatment of nasopharyngeal
cancer (see topic 8.2.1.1), used in the treatment of advanced head and neck cancer
[131-133]. Other protocols will be covered in the following topics [47—49].

8.4.1.1 VNC Protocol (Vinorelbine and Cisplatin)

The VNC protocol combines vinorelbine and cisplatin in the treatment of advanced
salivary gland cancers. Airoldi et al. [134] performed a phase 2 study comparing
vinorelbine as monotherapy and combined with cisplatin in the treatment of patients
with recurrent salivary gland neoplasia. The combination of vinorelbine and cispla-
tin proved to be more effective than vinorelbine alone.

Hong et al. [135] evaluated the efficacy and safety of vinorelbine combined with
cisplatin in the treatment of recurrent and/or metastatic head and neck salivary gland
cancer. The protocol promoted an objective response rate of 35%, progression-free
survival of 6.3 months, and overall survival of 16.9 months. As for the infusion
sequence of the VNC protocol, according to Ho [136], the infusion can be in any
sequence, in which Levéque et al. [137] report that the observed activity of the drug
combination appears not to be related to pharmacokinetic interactions. Perhaps
starting the protocol with vinorelbine is interesting because of its vesicant action,
followed by infusion of cisplatin (Fig. 8.14) [138].
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-

Fig. 8.14 VNC protocol infusion sequence

-

Fig. 8.15 Infusion sequence of the PAC protocol

8.4.1.2 PAC Protocol (Cisplatin, Doxorubicin, and Cyclophosphamide)

The combination of a platinum compound (carboplatin or cisplatin), doxorubicin,
and cyclophosphamide has been indicated for the treatment of advanced salivary
gland cancer. Alberts et al. [139] evaluated the efficacy of the combination of doxo-
rubicin, cisplatin, and cyclophosphamide in the treatment of advanced parotid gland
carcinoma. The authors observed that the protocol promoted complete remission in
40% of patients and partial remission in 60%, proving to be a well-tolerated protocol.
In a phase 2 study, Licitra et al. [140] evaluated the protocol’s efficacy in the
treatment of advanced salivary gland carcinoma, showing that the protocol pro-
moted a partial response in 27% of patients, with a response duration ranging from
3 to 13 months and a mean survival time of 21 months. Regarding the infusion
sequence of the PAC protocol (Fig. 8.15), it starts with the infusion of doxorubicin,
which is a vesicant, followed by cyclophosphamide and finally by cisplatin [140].
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Chapter 9
Chemotherapeutic Protocols
for the Treatment of Lung Cancer

9.1 Epidemiological Profile of Lung Cancers

Until the beginning of the twentieth century, lung cancer was considered rare, but its
occurrence increased rapidly and is currently one of the most prevalent cancers in
the world and with a high mortality rate [1-3]. According to WHO [4], in 2020,
approximately 2.21 million cases and 1.8 billion deaths were reported worldwide.
The incidence was higher in men (1.44 million cases) than in women (771 thousand
cases). Figure 9.1 provides the estimated incidence and mortality from lung cancer
for the year 2040.

Among the risk factors for the development of lung cancer, in addition to genetic
and environmental factors, smoking is one of the main factors responsible for most
cases [5—7]. According to Cruz et al. [8], the average age for diagnosis of lung and
bronchial cancer in the period 2004-2008 was 71 years. In 2008, lung cancer was
the most diagnosed and the leading cause of death in men and women and was the
fourth most diagnosed type and the second leading cause of death worldwide [8—10].

Among the types of cancers that affect the lungs, the main ones are squamous
cell carcinoma, adenocarcinoma, small-cell carcinoma, and extensive cell carci-
noma. There has been an increase in the number of adenocarcinomas in recent
decades with a reduction in the number of squamous cell carcinomas, probably due
to changes in the composition of tobacco products [3, 8, 11, 12].

Lung cancer is classified as either non-small-cell lung cancer or small-cell lung
cancer. Non-small-cell lung cancer can be subclassified into adenocarcinoma (can-
cer starts in the cells that line the alveoli and produce substances), squamous cell
carcinoma (starts in the epidermoid cells that line the interior of the airways), and
extensive cell carcinoma (may start anywhere in the lung and tend to grow rapidly).
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Fig. 9.1 Lung cancer
incidence and mortality
estimate for the year 2040. -Mortality
Source: Created with

BioRender.com and data

were extracted from [4]

Small-cell lung cancer, on the other hand, proliferates and spreads faster than non-
small-cell lung cancer [12-14].

9.2 Pathophysiology of Lung Cancer

The pathophysiology of lung cancer is complex and poorly understood, where it is
believed that repeated exposure to carcinogens can induce dysplasia of the pulmo-
nary epithelium, thereby leading to genetic mutations and affecting protein synthe-
sis. Exposure to these agents consequently leads to cell cycle disruption and
promotes carcinogenesis. Among the genetic mutations, the most common are
MYC, BCL2, and p53 in small-cell lung cancer and EGFR, KRAS, and p16 in non-
small-cell lung cancer [15-19].

Lung tumors usually start in the bronchi and invade the adjacent parenchyma as
well as the pleura and chest wall. The parenchymal lymph nodes are responsible for
the spread of the tumor to other regions, such as the homolateral hilum and medias-
tinal lymph nodes, and may subsequently spread to other organs and tissues [20-22].

Regarding the staging of lung cancer (Fig. 9.2), in stage 1, the tumor is restricted
to the lung with a size smaller or larger than 3 cm without dissemination to the
lymph nodes. In stage 2, the tumor size is also smaller or larger than 3 cm, but it has
the invasion of lymph nodes in the peribronchial region and/or ipsilateral hilar
lymph nodes [22-26].

Stage 3 in lung cancer is defined as tumors with direct invasion of the chest wall,
diaphragm, pericardium, or mediastinal pleura, without invasion of visceral struc-
tures, with invasion also in lymph nodes in the peribronchial, ipsilateral hilar, ipsi-
lateral mediastinal or subcarinal regions, among others. Finally, in stage 4, the
tumor can present in any size with the invasion of the mediastinum, affecting the
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Fig. 9.2 Staging of lung cancer. (a) Stage 1, (b) Stage 2, (c¢) Stage 3, and (d) Stage 4. Source:
Created with BioRender.com

heart, great vessels, trachea, esophagus, vertebral body, or carina, and the presence
of metastases in lymph nodes and distant organs [22-24, 27].

9.3 Lung Cancer Treatment

The treatment of lung cancer will depend on the stage of the tumor, in which at an
early stage, because the tumor is located, the surgical procedure is the first choice
and radiotherapy or chemotherapy may be indicated in patients who cannot undergo
surgery. In stage 2, when the tumor has already spread to nearby tissues or lymph
nodes, radiotherapy combined with another therapeutic modality that may include
radiotherapy is indicated [28-31].

In stage 3, the tumor has already spread to lymph nodes or nearby structures,
where the indication for treatment involves surgery, radiotherapy, or chemotherapy.
Finally, in stage 4, treatment options include radiotherapy, chemotherapy, and
immunotherapy, with a focus on tumor shrinkage and symptom relief [29, 32, 33].

9.3.1 Chemotherapy for the Treatment of Non-Small-Cell
Lung Cancer

Adjuvant chemotherapy for the treatment of non-small-cell lung cancer can be
based on the use of monotherapy, with the administration of drugs such as dur-
valumab in the treatment of locally advanced non-small-cell lung cancer [34, 35].
Regarding the combinations, the use of cisplatin plus vinorelbine, also used in head
and neck cancers (see Chap. 8), has been indicated in the adjuvant treatment of non-
small-cell lung cancer, as well as the combination of carboplatin and paclitaxel that
also indicated for the treatment of other cancers (see Chaps. 5 and 8) [36-38].
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In the treatment of advanced non-small-cell lung cancer, docetaxel mono-
therapy has been indicated as a second line, as has vinorelbine which is indi-
cated for elderly patients with advanced non-small-cell lung cancer. The use of
tyrosine kinase inhibitors such as afatinib, alectinib, ceritinib, crizotinib, erlo-
tinib, gefitinib, and osimertinib has been indicated in the treatment of non-
small-cell lung cancer that overexpresses receptors or target genes such as
EGFR, ALK, or ROS1 [39-45].

Some monoclonal antibodies, checkpoint inhibitors, are also indicated in
advanced non-small-cell lung cancer, such as atezolizumab, nivolumab, and pem-
brolizumab, and may also be associated with chemotherapeutic agents, for example,
pembrolizumab combined with carboplatin and paclitaxel, which is used in head
and neck cancers (see Chap. 8) and is indicated in the first-line treatment of advanced
squamous non-small-cell lung cancer [46, 47]. Other combinations already men-
tioned in Chap. 8, such as the combination of cisplatin and docetaxel, cisplatin
combined with etoposide, and the combination of gemcitabine and platinum, are
also indicated in the treatment of non-small-cell lung cancer [48-53]. Other proto-
cols for the treatment of non-small-cell lung cancer will be covered in the next top-
ics [54-56].

9.3.1.1 PPMB Protocol (Pemetrexed and Pembrolizumab)

The combination of pemetrexed and pembrolizumab is indicated as maintenance
therapy for advanced non-squamous non-small-cell lung cancer. Pemetrexed is an
antifolate antineoplastic agent whose function occurs through the disruption of
folate-dependent metabolic processes that are essential for cell replication [57, 58].

Garon et al. [59] evaluated maintenance treatment of non-squamous non-small-
cell lung cancer with pemetrexed with or without pembrolizumab. According to the
authors, the combination of pemetrexed and pembrolizumab was well tolerated by
patients, improving overall survival, progression-free survival, and objective
response rate.

The infusion sequence of the PPMB protocol can start with the monoclonal anti-
body pembrolizumab due to its target-directed action followed by the infusion of
pemetrexed (Fig. 9.3) [60].

Pembrolizumab - Pemetrexed

Fig. 9.3 PPMB protocol infusion sequence
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Pembrolizumab | D> -

Fig. 9.4 PPPMB protocol infusion sequence

9.3.1.2 PPPMB Protocol (Platinum, Pemetrexed, and Pembrolizumab)

Platinum compounds (carboplatin or cisplatin) can also be combined with peme-
trexed and pembrolizumab in the first-line treatment of advanced non-squamous
non-small-cell lung cancer. In the study by Gandhi et al. [61], they found that the
PPPMB protocol promoted an estimated 12-month overall survival rate of 69.2%
and progression-free survival of 8.8 months. Gadgeel et al. [62] found that the com-
bination of pembrolizumab, pemetrexed, and platinum promoted 22-month overall
survival and 9-month progression-free survival.

Langer et al. [63] evaluated the efficacy of the combination of carboplatin, peme-
trexed, and pembrolizumab in the treatment of advanced non-squamous cell lung
cancer. The combination proved to be effective and tolerable, with the most frequent
adverse events including anemia, neutropenia, fatigue, and thrombocytopenia.

Real-world results in the study by Velcheti et al. [64], who used the PPPMB
protocol in patients with advanced-stage non-small-cell lung cancer, showed that
the combination promoted an overall survival of 16.5 months, a progression-free
survival of 6.4 months, and a response rate of tumor of 56.6%. As for the infusion
sequence, the PPPMB protocol starts with the infusion of pembrolizumab followed
by pemetrexed, and finally the infusion of platinum (Fig. 9.4) [65, 66].

9.3.1.3 PP Protocol (Platinum and Pemetrexed)

Pemetrexed combined with platinum (carboplatin or cisplatin) is indicated in the
first-line treatment of advanced non-small-cell lung cancer [67]. Socinski et al. [68]
evaluated the efficacy of the PP protocol in untreated extensive-stage small-cell
lung cancer. The results showed that the combination of cisplatin and pemetrexed
promoted a survival time of 7.6 months, with a 1-year survival of 33.4% and a
response rate of 35%, while the combination of carboplatin and pemetrexed pro-
moted time to the survival of 10.4 months, with a 1-year survival of 39% and
response rate of 39.5%.

Xiao et al. [69] evaluated the efficacy of the combination of pemetrexed plus
platinum doublet as a first-line treatment in advanced non-squamous cell lung can-
cer. The authors highlight the protocol's effectiveness, with an objective response
rate of 37.8%, progression-free survival of 5.7 months, and overall survival of
16.05 months.



296 9 Chemotherapeutic Protocols for the Treatment of Lung Cancer

Fig. 9.5 PP protocol infusion sequence

In the study by Fujita et al. [70], the combination of pemetrexed with platinum
led to a progression-free survival of 4.7 months and a mean overall survival time of
9.5 months, but the protocol has a high risk of interstitial lung disease. Li et al. [71]
proposed the use of the PP protocol as a first-line treatment for advanced non-small-
cell lung cancer. As a result, the authors observed an improvement in patient sur-
vival compared to other regimens, particularly in patients with non-squamous
histology. The PP protocol infusion sequence is based on pemetrexed infusion first
followed by platinum infusion (Fig. 9.5) [72, 73].

9.3.2 Chemotherapy for the Treatment of Small-Cell
Lung Cancer

The treatment of small-cell lung cancer is based on tumor staging [74-76]. In the
limited stage, when the tumor is restricted to the lung, with no evidence of the dis-
ease has spread to the lymph nodes or other organs, one of the treatment options is
surgery, which may be followed by chemotherapy and radiotherapy. In cases where
the patient has a tumor in a limited but very large stage, surgery is not an option, and
chemotherapy associated with radiotherapy is indicated [75, 77-79].

In extensive-stage small-cell lung cancer, the first treatment option is based on
chemotherapy-associated with immunotherapy or chemotherapy combined with
other chemotherapy drugs [80, 81]. Among the antineoplastics that may be indi-
cated as monotherapy, etoposide may be indicated in the palliative therapy of
extensive-stage small-cell lung cancer or topotecan in the second-line treatment of
recurrent small-cell lung cancer [82—85].

Some protocols indicated for other cancers may also be indicated in the treat-
ment of small-cell lung cancer, such as cisplatin combined with etoposide, which is
indicated in the therapy of small-cell lung cancer in a limited stage or an extensive
stage [86, 87]. Other protocols will be covered in the next topics [54-56].

9.3.2.1 CAV Protocol (Cyclophosphamide, Doxorubicin, and Vincristine)

The CAV protocol combines cyclophosphamide, doxorubicin, and vincristine in the
treatment of extensive small-cell lung cancer. Shepherd et al. [88] tested the CAV
protocol in patients with etoposide and cisplatin-resistant small-cell lung cancer.
The use of the CAV protocol in these patients promoted a mean survival of 15
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m - Vincristine - Cyclophosphamide

Fig. 9.6 CAV protocol infusion sequence

weeks, with limiting toxicity that included anemia and peripheral neuropathy, prov-
ing to be a protocol with limited activity.

Veronesi et al. [89] compared the combination of cisplatin and etoposide with the
CAV protocol, showing that the CAV protocol was more tolerated despite not show-
ing superior activity than the combination of cisplatin and etoposide in certain sub-
sets of patients.

Jung et al. [90] looked at the promising effects of the CAV protocol as a third-line
treatment in refractory small-cell lung cancer. The CAV protocol appears to improve
progression-free survival and the response rate of patients with small-cell lung can-
cer [90]. Regarding the CAV protocol infusion sequence (Fig. 9.6), it starts with
doxorubicin, followed by vincristine, which are the vesicant drugs, and finally the
cyclophosphamide infusion [91].

9.3.2.2 PI Protocol (Platinum and Irinotecan)

Second-line treatment of extensive-stage small-cell lung cancer can also be treated
with monotherapy with irinotecan or with a combination of irinotecan and platinum
(carboplatin or cisplatin) [92]. Georgoulias et al. [93] tested the combination of iri-
notecan and cisplatin in the treatment of advanced non-small-cell lung cancer. The
protocol promoted an overall response rate of 22.5%, a 1-year survival rate of
34.3%, and a median survival of 7.8 months. As for toxicity, cases of febrile neutro-
penia, neutropenia, and diarrhea have been reported.

Xu et al. [94] report the efficacy of combination therapy of irinotecan with plati-
num in previously untreated extensive-stage small-cell lung cancer. The authors
noted that the protocol improved overall survival, progression-free survival, and
overall response rate compared with the combination of etoposide and platinum.
These results were also observed by Han et al. [95], which also showed a better
overall survival induced by the combination of irinotecan and platinum compared
with etoposide combined with platinum.

Hanna et al. [96] showed differences in the toxicity profile between the irinote-
can protocol combined with cisplatin and the etoposide protocol combined with
cisplatin. Patients who used the etoposide and cisplatin protocol had more cases of
anemia, thrombocytopenia, neutropenia, and febrile neutropenia, while patients
who used the combination irinotecan and cisplatin had diarrhea and vomiting.

As for the infusion sequence, the IP protocol starts with the infusion of platinum,
although irinotecan is cycle specific; when cisplatin is administered first, it pro-
motes synergistic effects [97-99]. Regarding the combination between carboplatin
and irinotecan, Sato et al. [100] did not observe pharmacokinetic interactions
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Fig. 9.7 PI protocol infusion sequence

Fig. 9.8 Malignant
mesothelioma. Source:
Created with
BioRender.com

Mesothelioma

between drugs. Thus, perhaps the infusion sequence is with the infusion initially of
platinum followed by the infusion of irinotecan (Fig. 9.7).

9.3.3 Chemotherapy for the Treatment
of Malignant Mesothelioma

Mesothelioma (Fig. 9.8) is cancer that originates in cells in the inner lining of the
chest, abdomen, and other parts of the body. The treatment of this type of cancer
will depend on the stage, in which in stages 1, 2, and 3, when the mesothelioma is
resectable, a surgical procedure may be indicated and may be combined with che-
motherapy. In cases of unresectable mesothelioma, chemotherapy is the main treat-
ment, and it can be indicated to relieve symptoms and reduce or delay tumor growth
[101-106].

Chemotherapy may be indicated as monotherapy, in the case of vinorelbine,
which can be used as monotherapy in the treatment of malignant mesothelioma
[107, 108]. As for combined therapy, some protocols that have already been men-
tioned in other cancers may be indicated, in the case of the combination of platinum
and gemcitabine that is used in the treatment of head and neck cancers (see Chap. 8,
Sect. 8.2.1.3) and the combination between platinum and pemetrexed, which is indi-
cated in the treatment of advanced non-small-cell lung cancer (see Sect. 9.3.1.3)
[109-111].


http://biorender.com

References 299

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Alberg AJ, Brock MV, Ford JG, Samet JM, Spivack SD. Epidemiology of lung cancer. Chest.

2013;143(5):1-29. https://doi.org/10.1378/chest.12-2345.

. Torre LA, Siegel RL, Ward EM, Jemal A. Global cancer incidence and mortality rates

and trends-an update. Cancer Epidemiol Biomark Prev. 2016;25(1):16-27. https://doi.
org/10.1158/1055-9965.EPI-15-0578.

. Trufelli DC, Moraes TV, Lima AAPR, Giglio AD. Epidemiological profile and prognostic

factors in patients with lung cancer. Rev Assoc Med Bras. 2016;62(5):428-33. https://doi.
org/10.1590/1806-9282.62.05.428.

. WHO — World Health Organization. Estimated number of incident cases from 2018 to 2040.

International Agency for Research on Cancer, 2020. Available https://gco.iarc.fr/tomorrow/
graphic-isotype?type=0&type_sex=0&mode=population&sex=0&populations=900&can
cers=36&age_group=value&apc_male=0&apc_female=0&single_unit=100000&print=0.
Accessed Oct 15, 2021.

. Kligerman S, White C. Epidemiology of lung cancer in women: risk factors, survival, and

screening. Am J Roentgenol. 2011;196:287-95. https://doi.org/10.2214/AJR.10.5412.

. Malhotra J, Malvezzi M, Negri E, Vecchia CL, Boffetta P. Risk factors for lung cancer world-

wide. Eur Respir J. 2016;48:889-902. https://doi.org/10.1183/13993003.00359-2016.

. Kanwal M, Ding XJ, Cao Y. Familial risk for lung cancer. Oncol Lett. 2017;13(2):535-42.

https://doi.org/10.3892/01.2016.5518.

. Cruz CSD, Tanoue LT, Matthay RA. Lung cancer: epidemiology, etiology, and prevention.

Clin Chest Med. 2011;32(4):605-44. https://doi.org/10.1016/j.ccm.2011.09.001.

. Araujo LH, Baldotto C, Castro G Jr, Katz A, Ferreira CG, Mathias C, Mascarenhas E, Lopes

GL, Carvalho H, Tabacof J, Martinez-Mesa J, Viana LS, Cruz MS, Zukin M, Marchi PD,
Terra RM, Ribeiro RA, Lima VCC, Werutsky G, Barrios CH. Lung cancer in Brazil. J Bras
Pneumol. 2018;44(1):55-64. https://doi.org/10.1590/S1806-37562017000000135.

Ridge CA, McErlean AM, Ginsberg MS. Epidemiology of lung cancer. Semin Interv Radiol.
2013;30(2):93-8. https://doi.org/10.1055/s-0033-1342949.

Travis WD. Update on small cell carcinoma and its differentiation from squamous cell
carcinoma and other non-small cell carcinomas. Mod Pathol. 2012;25:18-30. https://doi.
org/10.1038/modpathol.2011.150.

Zheng M. Classification and pathology of lung cancer. Surg Oncol Clin N Am. 2016;25:447-68.
https://doi.org/10.1016/j.s0c.2016.02.003.

Molina JR, Yang P, Cassivi SD, Schild SE, Adjei AA. Non-small cell lung cancer: epidemiol-
ogy, risk factors, treatment, and survivorship. Mayo Clin Proc. 2008;83(5):584-94. https://
doi.org/10.4065/83.5.584.

Ismael GFV, Coradazzi AL, Neto FAM, Abdalla KC, Milhomem PM, Oliveira JS, Manzoni
C, Beato CAM, Segalla JGM. Aspectos clinicos e histopatoldgicos em cancer de pulmao:
andlise dos dados de uma institui¢do no interior paulista entre 1997-2008. Rev Bras Oncol
Clin. 2010;7(22):72-8.

Pfeifer GP, Denissenko MF, Olivier M, Tretyakova N, Hecht SS, Hainaut P. Tobacco smoke
carcinogens, DNA damage and p53 mutations in smoking-associated cancers. Oncogene.
2002;21:7435-51. https://doi.org/10.1038/sj.onc.1205803.

Miller YE. Pathogenesis of lung cancer: 100 year report. Am J Respir Cell Mol Biol.
2005;33(3):216-23. https://doi.org/10.1165/rcmb.2005-01580OE.

Brambilla E, Gazdar A. Pathogenesis of lung cancer signalling pathways: roadmap for thera-
pies. Eur Respir J. 2009;33:1485-97. https://doi.org/10.1183/09031936.00014009.
Dorantes-Heredia R, Ruiz-Morales JM, Cano-Garcia F. Histopathological transformation to
small-cell lung carcinoma in non-small cell lung carcinoma tumors. Transl Lung Cancer Res.
2016;5(4):401-12. https://doi.org/10.21037/tlcr.2016.07.10.

Siddiqui F, Siddiqui AH. Lung cancer. Treasure Island: StatPearls Publishing; 2021.


https://doi.org/10.1378/chest.12-2345
https://doi.org/10.1158/1055-9965.EPI-15-0578
https://doi.org/10.1158/1055-9965.EPI-15-0578
https://doi.org/10.1590/1806-9282.62.05.428
https://doi.org/10.1590/1806-9282.62.05.428
https://gco.iarc.fr/tomorrow/graphic-isotype?type=0&type_sex=0&mode=population&sex=0&populations=900&cancers=36&age_group=value&apc_male=0&apc_female=0&single_unit=100000&print=0
https://gco.iarc.fr/tomorrow/graphic-isotype?type=0&type_sex=0&mode=population&sex=0&populations=900&cancers=36&age_group=value&apc_male=0&apc_female=0&single_unit=100000&print=0
https://gco.iarc.fr/tomorrow/graphic-isotype?type=0&type_sex=0&mode=population&sex=0&populations=900&cancers=36&age_group=value&apc_male=0&apc_female=0&single_unit=100000&print=0
https://doi.org/10.2214/AJR.10.5412
https://doi.org/10.1183/13993003.00359-2016
https://doi.org/10.3892/ol.2016.5518
https://doi.org/10.1016/j.ccm.2011.09.001
https://doi.org/10.1590/S1806-37562017000000135
https://doi.org/10.1055/s-0033-1342949
https://doi.org/10.1038/modpathol.2011.150
https://doi.org/10.1038/modpathol.2011.150
https://doi.org/10.1016/j.soc.2016.02.003
https://doi.org/10.4065/83.5.584
https://doi.org/10.4065/83.5.584
https://doi.org/10.1038/sj.onc.1205803
https://doi.org/10.1165/rcmb.2005-0158OE
https://doi.org/10.1183/09031936.00014009
https://doi.org/10.21037/tlcr.2016.07.10

300

20

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

9 Chemotherapeutic Protocols for the Treatment of Lung Cancer

. Sharma A, Fidias P, Hayman LA, Loomis SL, Taber KH, Aquino SL. Patterns of lymph-
adenopathy in thoracic malignancies. RadioGraphics. 2004;24(2):419-34. https://doi.
org/10.1148/rg.242035075.

Teran MD, Brock MV. Staging lymph node metastases from lung cancer in the mediastinum.
J Thorac Dis. 2014;6(3):230-6. https://doi.org/10.3978/j.issn.2072-1439.2013.12.18.
Purandare NC, Rangarajan V. Imaging of lung cancer: implications on stag-
ing and management. Indian J Radiol Imaging. 2015;25(2):109-20. https://doi.
org/10.4103/0971-3026.155831.

Fernandez A, Jatene FB, Zamboni M. Diagndstico e estadiamento do cancer de pulmao. J
Pneumol. 2002;28(4):219-28. https://doi.org/10.1590/S0102-35862002000400006.

Quint LE. Staging non-small cell lung cancer. Cancer Imaging. 2007;7(1):148-59. https://
doi.org/10.1102/1470-7330.2007.0026.

UyBico SJ, Wu CC, Suh RD, Le NH, Brown K, Krishnam MS. Lung cancer staging
essentials: the new TNM staging system and potential imaging pitfalls. RadioGraphics.
2010;30(5):1163-81. https://doi.org/10.1148/rg.305095166.

Kay FU, Kandathil A, Batra K, Saboo SS, Abbara S, Rajiah P. Revisions to the tumor, node,
metastasis staging of lung cancer (8th edition): rationale, radiologic findings and clinical
implications. World J Radiol. 2017;9(6):269-79. https://doi.org/10.4329/wjr.v9.i6.269.
Detterbeck FC, Boffa DJ, Tanoue LT, Wilson LD. Details and difficulties regarding the
new lung cancer staging system. Chest. 2010;137(5):1172-80. https://doi.org/10.1378/
chest.09-2626.

Howington JA, Blum MG, Chang AC, Balekian AA, Murthy SC. Treatment of stage I
and II non-small cell lung cancer: Diagnosis and management of lung cancer, 3rd ed:
American College of Chest Physicians evidence-based clinical practice guidelines. Chest.
2013;143(5):278-313. https://doi.org/10.1378/chest.12-2359.

Detterbeck FC, Boffa DJ, Kim AW, Tanoue LT. The eighth edition lung cancer stage classifi-
cation. Chest. 2017;151(1):193-203. https://doi.org/10.1016/j.chest.2016.10.010.
Gensheimer MF, Loo BW Jr. Optimal radiation therapy for small cell lung cancer. Curr Treat
Options in Oncol. 2017;18(4):21. https://doi.org/10.1007/s11864-017-0467-z.

Benveniste MF, Gomez D, Carter BW, Cuellar SLB, Shroff GS, Benveniste APA, Odisio
EG, Marom EM. Recognizing radiation therapy—related complications in the chest.
RadioGraphics. 2019;39(2):344-66. https://doi.org/10.1148/rg.2019180061.

Majem M, Hernandez-Hernandez J, Hernando-Trancho F, Dios NR, Sotoca A, Trujillo-Reyes
JC, Vollmer I, Delgado-Bolton R, Provencio M. Multidisciplinary consensus statement on the
clinical management of patients with stage III non-small cell lung cancer. Clin Transl Oncol.
2019;22(1):21-36. https://doi.org/10.1007/s12094-019-02134-7.

Jamil A, Kasi A. Lung metastasis. Treasure Island: StatPearls Publishing; 2021.

Mezquita L, Planchard D. Durvalumab in non-small-cell lung cancer patients: current devel-
opments. Future Oncol. 2018;14(3):205-22. https://doi.org/10.2217/fon-2017-0373.

Witlox WJA, van Asselt AAIL Wolff R, Armstrong N, Worthy G, Chalker A, Buksnys T, Stirk
L, Kleijnen J, Joore MA, Grimm SE. Durvalumab for the treatment of locally advanced,
unresectable, stage III non-small cell lung cancer: an evidence review group perspective
of a NICE single technology appraisal. PharmacoEconomics. 2020;38:317-24. https://doi.
org/10.1007/s40273-019-00870-w.

Winton T, Livingston R, Johnson D, Rigas J, Johnston M, Butts C, Cormier Y, Goss G,
Inculet R, Vallieres E, Fry W, Bethune D, Ayoub J, Ding K, Seymour L, Graham B, Tsao
MS, Gandara D, Kesler K, Demmy T, Shepherd F. Vinorelbine plus cisplatin vs. observation
in resected non-small-cell lung cancer. N Engl J Med. 2005;352(25):2589-97. https://doi.
org/10.1056/NEJMoa(043623.

Strauss GM, Herndon JE, Maddaus MA, Johnstone DW, Johnson EA, Harpole DH,
Gillenwater HH, Watson DM, Sugarbaker DJ, Schilsky RL, Vokes EE, Green MR. Adjuvant
paclitaxel plus carboplatin compared with observation in stage IB non—small-cell lung can-
cer: CALGB 9633 with the cancer and leukemia group B, radiation therapy oncology group,


https://doi.org/10.1148/rg.242035075
https://doi.org/10.1148/rg.242035075
https://doi.org/10.3978/j.issn.2072-1439.2013.12.18
https://doi.org/10.4103/0971-3026.155831
https://doi.org/10.4103/0971-3026.155831
https://doi.org/10.1590/S0102-35862002000400006
https://doi.org/10.1102/1470-7330.2007.0026
https://doi.org/10.1102/1470-7330.2007.0026
https://doi.org/10.1148/rg.305095166
https://doi.org/10.4329/wjr.v9.i6.269
https://doi.org/10.1378/chest.09-2626
https://doi.org/10.1378/chest.09-2626
https://doi.org/10.1378/chest.12-2359
https://doi.org/10.1016/j.chest.2016.10.010
https://doi.org/10.1007/s11864-017-0467-z
https://doi.org/10.1148/rg.2019180061
https://doi.org/10.1007/s12094-019-02134-7
https://doi.org/10.2217/fon-2017-0373
https://doi.org/10.1007/s40273-019-00870-w
https://doi.org/10.1007/s40273-019-00870-w
https://doi.org/10.1056/NEJMoa043623
https://doi.org/10.1056/NEJMoa043623

References 301

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

and north central cancer treatment group study groups. J Clin Oncol. 2008;26(31):5043-51.
https://doi.org/10.1200/JC0O.2008.16.4855.

Palka M, Sanchez A, Cérdoba M, Nuevo GD, Ugarte AVD, Cantos B, Méndez M, Calvo
V, Maximiano C, Provencio M. Cisplatin plus vinorelbine as induction treatment in stage
IITA non-small cell lung cancer. Oncol Lett. 2017;13(3):1647-54. https://doi.org/10.3892/
01.2017.5620.

Cappuzzo F, Ciuleanu T, Stelmakh L, Cicenas S, Szczésna A, Juhasz E, Esteban E, Molinier
O, Brugger W, Melezinek I, Klingelschmitt G, Klughammer B, Giaccone G. Erlotinib as
maintenance treatment in advanced non-small-cell lung cancer: a multicentre, randomised,
placebo-controlled phase 3 study. Lancet Oncol. 2010;11(6):521-9. https://doi.org/10.1016/
S1470-2045(10)70112-1.

Deeks ED. Ceritinib: a review in ALK-positive advanced NSCLC. Target Oncol.
2016;11:693-700. https://doi.org/10.1007/s11523-016-0460-7.

Avrillon V, Pérol M. Alectinib for treatment of ALK-positive non-small-cell lung cancer.
Future Oncol. 2017;13(4):321-35. https://doi.org/10.2217/fon-2016-0386.

Bruckl W, Tufman A, Huber RM. Advanced non-small cell lung cancer (NSCLC) with
activating EGFR mutations: first-line treatment with afatinib and other EGFR TKIs.
Expert Rev Anticancer Ther. 2017;17(2):143-55. https://doi.org/10.1080/14737140.201
7.1266265.

Paz-Ares L, Tan EH, O’Byrne K, Zhang L, Hirsh V, Boyer M, Yang JCH, Mok T, Lee KH,
Lu S, ShiY, Lee DH, Laskin J, Kim DW, Laurie SA, Kolbeck K, Fan J, Dodd N, Marten A,
Park K. Afatinib versus gefitinib in patients with EGFR mutation-positive advanced non-
small-cell lung cancer: overall survival data from the phase IIb LUX-Lung 7 trial. Ann Oncol.
2017;28(2):270-7. https://doi.org/10.1093/annonc/mdw611.

Soria JC, Ohe Y, Vansteenkiste J, Reungwetwattana T, Chewaskulyong B, Lee KH,
Dechaphunkul A, Imamura F, Nogami N, Kurata T, Okamoto I, Zhou C, Cho BC, Cheng Y,
Cho EK, Voon PJ, Planchard D, Su WC, Gray JE, Lee SM, Hodge R, Marotti M, Rukazenkov
Y, Ramalingam SS. Osimertinib in untreated EGFR-mutated advanced non-small-cell lung
cancer. N Engl J Med. 2018;378:113-25. https://doi.org/10.1056/NEJMoal713137.

Wu YL, Yang JCH, Kim DW, Lu S, Zhou J, Seto T, Yang JJ, Yamamoto N, Ahn MJ, Takahashi
T, Yamanaka T, Kemner A, Roychowdhury D, Paolini J, Usari T, Wilner KD, Goto K. Phase
II study of crizotinib in East Asian patients with ROS1-positive advanced non-small-cell
lung cancer. J Clin Oncol. 2018;36(14):1405-11. https://doi.org/10.1200/JC0O.2017.75.5587.
Chen R, Tao Y, Xu X, Shan L, Jiang H, Yin Q, Pei L, Cai F, Ma L, Yu Y. The efficacy and
safety of nivolumab, pembrolizumab, and atezolizumab in treatment of advanced non-small
cell lung cancer. Discov Med. 2018;26(143):155-66.

Shields MD, Marin-Acevedo JA, Pellini B. Immunotherapy for advanced non-small cell
lung cancer: a decade of progress. Proc Am Soc Clin Oncol. 2021;41:e105-27. https://doi.
org/10.1200/EDBK_321483.

Friess GG, Baikadi M, Harvey WH. Concurrent cisplatin and etoposide with radiotherapy
in locally advanced non-small cell lung cancer. Cancer Treat Rep. 1987;71(7-8):681-4.
Zalcberg J, Millward M, Bishop J, McKeage M, Zimet A, Toner G, Friedlander M, Barter C,
Rischin D, Loret C, James R, Bougan N, Berille J. Phase II study of docetaxel and cispla-
tin in advanced non-small-cell lung cancer. J Clin Oncol. 1998;16(5):1948-53. https://doi.
org/10.1200/JC0O.1998.16.5.1948.

Santana-Davila R, Devisetty K, Szabo A, Sparapani R, Arce-Lara C, Gore EM, Moran A,
Williams CD, Kelley MJ, Whittle J. Cisplatin and etoposide versus carboplatin and paclitaxel
with concurrent radiotherapy for Stage III non-small-cell lung cancer: an analysis of vet-
erans health administration data. J Clin Oncol. 2015;33(6):567-74. https://doi.org/10.1200/
JCO.2014.56.2587.

. Li A, Wei ZJ, Ding H, Tang HS, Zhou HX, Yao X, Feng SQ. Docetaxel versus docetaxel

plus cisplatin for non-small-cell lung cancer: a meta-analysis of randomized clinical trials.
Oncotarget. 2017;8(34):57365-78. https://doi.org/10.18632/oncotarget.17071.


https://doi.org/10.1200/JCO.2008.16.4855
https://doi.org/10.3892/ol.2017.5620
https://doi.org/10.3892/ol.2017.5620
https://doi.org/10.1016/S1470-2045(10)70112-1
https://doi.org/10.1016/S1470-2045(10)70112-1
https://doi.org/10.1007/s11523-016-0460-7
https://doi.org/10.2217/fon-2016-0386
https://doi.org/10.1080/14737140.2017.1266265
https://doi.org/10.1080/14737140.2017.1266265
https://doi.org/10.1093/annonc/mdw611
https://doi.org/10.1056/NEJMoa1713137
https://doi.org/10.1200/JCO.2017.75.5587
https://doi.org/10.1200/EDBK_321483
https://doi.org/10.1200/EDBK_321483
https://doi.org/10.1200/JCO.1998.16.5.1948
https://doi.org/10.1200/JCO.1998.16.5.1948
https://doi.org/10.1200/JCO.2014.56.2587
https://doi.org/10.1200/JCO.2014.56.2587
https://doi.org/10.18632/oncotarget.17071

302

52

53.

54.

55

56.

57.

8.

59.

60.

61.

62.

63.

9 Chemotherapeutic Protocols for the Treatment of Lung Cancer

. Paz-Ares L, Luft A, Vicente D, Tafreshi A, Gumus M, Mazieres J, Hermes B, Senler FC,
Csoszi T, Fulop A, Rodriguez-Cis J, Wilson J, Sugawara S, Kato T, Lee KH, Cheng Y,
Novello S, Halmos B, Li X, Lubiniecki GM, Piperdi B, Kowalski DM. Pembrolizumab plus
chemotherapy for squamous non-small-cell lung cancer. N Engl J Med. 2018;379:2040-51.
https://doi.org/10.1056/NEJMo0al810865.

Scagliotti GV, Parikh P, Pawel JV, Biesma B, Vansteenkiste J, Manegold C, Serwatowski P,
Gatzemeier U, Digumarti R, Zukin M, Lee JS, Mellemgaard A, Park K, Patil S, Rolski J,
Goksel T, Marinis F, Simms L, Sugarman KP, Gandara D. Phase III study comparing cis-
platin plus gemcitabine with cisplatin plus pemetrexed in chemotherapy-naive patients with
advanced-stage non-small-cell lung cancer. J Clin Oncol. 2008;26(21):3543-51. https://doi.
org/10.1200/JC0O.2007.15.0375.

Kuehr T, Thaler J, Woell E. Chemotherapy protocols 2017: Current protocols and “targeted
therapies”. Klinikum Wels-Grieskirchen and Caritas Christi URGET NOS, Austria, 2017.
www.chemoprotocols.eu.

. BC Cancer. Supportive care protocols. BC Cancer. British Columbia, 2021. Available
http://www.bccancer.be.ca/health-professionals/clinical-resources/chemotherapy-protocols/
supportive-care. Accessed July 2, 2021.

NHS. Chemotherapy protocols. NHS, University Hospital Southampton, NHS Foundation
Trust, England, 2021. Available https://www.uhs.nhs.uk/HealthProfessionals/Chemotherapy-
protocols/Chemotherapy-protocols.aspx. Accessed July 2, 2021.

Konstantinov SM, Berger MR. Antimetabolites. In: Offermanns S, Rosenthal W, edi-
tors. Encyclopedia of molecular pharmacology. Berlin: Springer; 2008. https://doi.
org/10.1007/978-3-540-38918-7_220.

Miller DS, Blessing JA, Krasner CN, Mannel RS, Hanjani P, Pearl ML, Waggoner SE,
Boardman CH. Phase II evaluation of pemetrexed in the treatment of recurrent or persistent
platinum-resistant ovarian or primary peritoneal carcinoma: a study of the gynecologic oncol-
ogy group. J Clin Oncol. 2009;27(16):2686-91. https://doi.org/10.1200/JC0O.2008.19.2963.

Garon EB, Kim JS, Govindan R. Pemetrexed maintenance with or without pembrolizumab
in non-squamous non-small cell lung cancer: a cross-trial comparison of keynote-189 versus
paramount, pronounce, and JVBL. Lung Cancer. 2021;151:25-9. https://doi.org/10.1016/j.
lungcan.2020.11.018.

Sun S. BC cancer protocol summary for maintenance therapy of advanced non-squamous non-
small cell lung cancer with pemetrexed and pembrolizumab. BC Cancer, British Columbia,
2021. Available http://www.bccancer.bc.ca/chemotherapy-protocols-site/Documents/Lung/
LUAVPPMBM_Protocol.pdf. Accessed Oct 16, 2021.

Gandhi L, Rodriguez-Abreu D, Gadgeel S, Esteban E, Felip E, Angelis FD, Domine M,
Clingan P, Hochmair MJ, Powell SF, Cheng SYS, Bischoff HG, Peled N, Grossi F, Jennens
RR, Reck M, Hui R, Garon EB, Boyer M, Rubio-Viqueira B, Novello S, Kurata T, Gray
JE, Vida J, Wei Z, Yang J, Raftopoulos H, Pietanza C, Garassino MC. Pembrolizumab plus
chemotherapy in metastatic non-small-cell lung cancer. N Engl J Med. 2018;378:2078-92.
https://doi.org/10.1056/NEJMo0a1801005.

Gadgeel S, Rodriguez-Abreu D, Speranza G, Esteban E, Felip E, Domine M, Hui R,
Hochmair MJ, Clingan P, Powell SF, Cheng SYS, Bischoff HG, Peled N, Grossi F, Jennens
RR, Reck M, Garon EB, Novello S, Rubio-Viqueira B, Boyer M, Kurata T, Gray JE, Yang J,
Bas T, Pietanza MC, Garassino MC. Updated analysis from KEYNOTE-189: pembrolizumab
or placebo plus pemetrexed and platinum for previously untreated metastatic nonsquamous
non-small-cell lung cancer. J Clin Oncol. 2020;38(14):1505—-17. https://doi.org/10.1200/
JCO.19.03136.

Langer CJ, Gadgeel SM, Borghaei H, Papadimitrakopoulou VA, Patnaik A, Powell SF,
Gentzler RD, Martins RG, Stevenson JP, Jalal SI, Panwalkar A, Yang JCH, Gubens M,
Sequist LV, Awad MM, Fiore J, Ge Y, Raftopoulos H, Gandhi L. Carboplatin and peme-
trexed with or without pembrolizumab for advanced, non-squamous non-small-cell lung
cancer: a randomised, phase 2 cohort of the open-label keynote-021 study. Lancet Oncol.
2016;17(11):1497-508. https://doi.org/10.1016/S1470-2045(16)30498-3.


https://doi.org/10.1056/NEJMoa1810865
https://doi.org/10.1200/JCO.2007.15.0375
https://doi.org/10.1200/JCO.2007.15.0375
http://www.chemoprotocols.eu
http://www.bccancer.bc.ca/health-professionals/clinical-resources/chemotherapy-protocols/supportive-care
http://www.bccancer.bc.ca/health-professionals/clinical-resources/chemotherapy-protocols/supportive-care
https://www.uhs.nhs.uk/HealthProfessionals/Chemotherapy-protocols/Chemotherapy-protocols.aspx
https://www.uhs.nhs.uk/HealthProfessionals/Chemotherapy-protocols/Chemotherapy-protocols.aspx
https://doi.org/10.1007/978-3-540-38918-7_220
https://doi.org/10.1007/978-3-540-38918-7_220
https://doi.org/10.1200/JCO.2008.19.2963
https://doi.org/10.1016/j.lungcan.2020.11.018
https://doi.org/10.1016/j.lungcan.2020.11.018
http://www.bccancer.bc.ca/chemotherapy-protocols-site/Documents/Lung/LUAVPPMBM_Protocol.pdf
http://www.bccancer.bc.ca/chemotherapy-protocols-site/Documents/Lung/LUAVPPMBM_Protocol.pdf
https://doi.org/10.1056/NEJMoa1801005
https://doi.org/10.1200/JCO.19.03136
https://doi.org/10.1200/JCO.19.03136
https://doi.org/10.1016/S1470-2045(16)30498-3

References 303

64.

65.

66.

67

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

Velcheti V, Hu X, Piperdi B, Burke T. Real-world outcomes of first-line pembrolizumab plus
pemetrexed-carboplatin for metastatic nonsquamous NSCLC at US oncology practices. Sci
Rep. 2021;11:9222. https://doi.org/10.1038/s41598-021-88453-8.

NHS. Chemotherapy protocols. Lung cancer-non-small cell (NSCLC). Carboplatin (AUC
5)-pembrolizumab-pemetrexed. NHS, University Hospital Southampton, NHS Foundation
Trust, England, 2019. Available https://www.uhs.nhs.uk/Media/SUHTExtranet/Services/
Chemotherapy-SOPs/Lung-cancer-non-small-cel(NSCLC)/Carboplatin-Pembrolizumab-
Pemetrexed.pdf. Accessed Oct 16, 2021.

NHS. Chemotherapy protocols. Lung cancer-non-small cell (NSCLC). Cisplatin-
pembrolizumab-pemetrexed. NHS, University Hospital Southampton, NHS Foundation
Trust, England, 2019. Available https://www.uhs.nhs.uk/Media/SUHTExtranet/Services/
Chemotherapy-SOPs/Lung-cancer-non-small-cell(NSCLC)/Cisplatin-Pembrolizumab-
Pemetrexed.pdf. Accessed Oct 16, 2021.

. NCT00402051. Chemotherapy with pemetrexed in combination with platinum for advanced

non-small cell lung cancer (NSCLC). Clinical Trials. 2010. Available https://clinicaltrials.
gov/ct2/show/NCT00402051. Accessed Oct 16, 2021.

Socinski MA, Weissman C, Hart LL, Beck JT, Choksi JK, Hanson JP, Prager D, Monberg
MJ, Ye Z, Obasaju CK. Randomized phase II trial of pemetrexed combined with either
cisplatin or carboplatin in untreated extensive-stage small-cell lung cancer. J Clin Oncol.
2006;24(30):4840-7. https://doi.org/10.1200/JC0O.2006.07.7016.

Xiao H, Tian R, Zhang Z, Du K, Ni Y. Efficacy of pemetrexed plus platinum doublet che-
motherapy as first-line treatment for advanced nonsquamous non-small-cell-lung cancer:
a systematic review and meta-analysis. Onco Targets Ther. 2016;9:1471-6. https://doi.
org/10.2147/0TT.S96160.

Fujita T, Kuroki T, Hayama N, Shiraishi Y, Amano H, Nakamura M, Hirano S, Tabeta H,
Nakamura S. Pemetrexed plus platinum for patients with advanced non-small cell lung
cancer and interstitial lung disease. In Vivo. 2019;33(6):2059-64. https://doi.org/10.21873/
invivo.11704.

LiM, Zhang Q, Fu P, Li P, Peng A, Zhang G, Song X, Tan M, Li X, Liu Y, Wu Y, Fan S, Wang
C. Pemetrexed plus platinum as the first-line treatment option for advanced non-small cell
lung cancer: a meta-analysis of randomized controlled trials. PLoS One. 2012;7(5):e37229.
https://doi.org/10.1371/journal.pone.0037229.

NHS. Chemotherapy protocols. Lung cancer-non-small cell (NSCLC). Carboplatin-
pemetrexed. NHS, University Hospital Southampton, NHS Foundation Trust, England, 2014.
Available https://www.uhs.nhs.uk/Media/SUHTExtranet/Services/Chemotherapy-SOPs/
Lung-cancer-non-small-cel(NSCLC)/CarboplatinandPemetrexedver12.pdf. Accessed Oct
16, 2021.

NHS. Chemotherapy protocols. Lung cancer-non-small cell (NSCLC). Cisplatin-pemetrexed.
NHS, University Hospital Southampton, NHS Foundation Trust, England, 2014. Available
https://www.uhs.nhs.uk/Media/SUHTExtranet/Services/Chemotherapy-SOPs/Lung-cancer-
non-small-cell(NSCLC)/CisplatinandPemetrexedver12.pdf. Accessed Oct 16, 2021.
Demedts IK, Vermaelen KY, van Meerbeeck JP. Treatment of extensive-stage small cell lung
carcinoma: current status and future prospects. Eur Respir J. 2010;35:202-15. https://doi.
org/10.1183/09031936.00105009.

Carter BW, Glisson BS, Truong MT, Erasmus JJ. Small cell lung carcinoma: staging, imaging,
and treatment considerations. RadioGraphics. 2014;34(6):1707-21. https://doi.org/10.1148/
rg.346140178.

West HJ. Moving beyond limited and extensive staging of small cell lung cancer. JAMA
Oncol. 2019;5(3):e185187. https://doi.org/10.1001/jamaoncol.2018.5187.

Kalemkerian GP. Staging and imaging of small cell lung cancer. Cancer Imaging.
2011;11(1):253-8. https://doi.org/10.1102/1470-7330.2011.0036.

Barnes H, See K, Barnett S, Manser R. Surgery for limited-stage small-cell lung cancer.
Cochrane Libr. 2017;4(4):CD011917. https://doi.org/10.1002/14651858.CD011917.pub2.


https://doi.org/10.1038/s41598-021-88453-8
https://www.uhs.nhs.uk/Media/SUHTExtranet/Services/Chemotherapy-SOPs/Lung-cancer-non-small-cell(NSCLC)/Carboplatin-Pembrolizumab-Pemetrexed.pdf
https://www.uhs.nhs.uk/Media/SUHTExtranet/Services/Chemotherapy-SOPs/Lung-cancer-non-small-cell(NSCLC)/Carboplatin-Pembrolizumab-Pemetrexed.pdf
https://www.uhs.nhs.uk/Media/SUHTExtranet/Services/Chemotherapy-SOPs/Lung-cancer-non-small-cell(NSCLC)/Carboplatin-Pembrolizumab-Pemetrexed.pdf
https://www.uhs.nhs.uk/Media/SUHTExtranet/Services/Chemotherapy-SOPs/Lung-cancer-non-small-cell(NSCLC)/Cisplatin-Pembrolizumab-Pemetrexed.pdf
https://www.uhs.nhs.uk/Media/SUHTExtranet/Services/Chemotherapy-SOPs/Lung-cancer-non-small-cell(NSCLC)/Cisplatin-Pembrolizumab-Pemetrexed.pdf
https://www.uhs.nhs.uk/Media/SUHTExtranet/Services/Chemotherapy-SOPs/Lung-cancer-non-small-cell(NSCLC)/Cisplatin-Pembrolizumab-Pemetrexed.pdf
https://clinicaltrials.gov/ct2/show/NCT00402051
https://clinicaltrials.gov/ct2/show/NCT00402051
https://doi.org/10.1200/JCO.2006.07.7016
https://doi.org/10.2147/OTT.S96160
https://doi.org/10.2147/OTT.S96160
https://doi.org/10.21873/invivo.11704
https://doi.org/10.21873/invivo.11704
https://doi.org/10.1371/journal.pone.0037229
https://www.uhs.nhs.uk/Media/SUHTExtranet/Services/Chemotherapy-SOPs/Lung-cancer-non-small-cell(NSCLC)/CarboplatinandPemetrexedver12.pdf
https://www.uhs.nhs.uk/Media/SUHTExtranet/Services/Chemotherapy-SOPs/Lung-cancer-non-small-cell(NSCLC)/CarboplatinandPemetrexedver12.pdf
https://www.uhs.nhs.uk/Media/SUHTExtranet/Services/Chemotherapy-SOPs/Lung-cancer-non-small-cell(NSCLC)/CisplatinandPemetrexedver12.pdf
https://www.uhs.nhs.uk/Media/SUHTExtranet/Services/Chemotherapy-SOPs/Lung-cancer-non-small-cell(NSCLC)/CisplatinandPemetrexedver12.pdf
https://doi.org/10.1183/09031936.00105009
https://doi.org/10.1183/09031936.00105009
https://doi.org/10.1148/rg.346140178
https://doi.org/10.1148/rg.346140178
https://doi.org/10.1001/jamaoncol.2018.5187
https://doi.org/10.1102/1470-7330.2011.0036
https://doi.org/10.1002/14651858.CD011917.pub2

304

79

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

9 Chemotherapeutic Protocols for the Treatment of Lung Cancer

. Pezzi TA, Schwartz DL, Mohamed ASR, Welsh JW, Komaki RU, Hahn SM, Sepesi B,
Pezzi CM, Fuller CD, Chun SG. JAMA Oncol. 2018;4(8):e174504. https://doi.org/10.1001/
jamaoncol.2017.4504.

Yang S, Zhang Z, Wang Q. Emerging therapies for small cell lung cancer. ] Hematol Oncol.
2019;12:47. https://doi.org/10.1186/s13045-019-0736-3.

Zhou T, Zhang Z, Luo F, Zhao Y, Hou X, Liu T, Wang K, Zhao H, Huang Y, Zhang
L. Comparison of first-line treatments for patients with extensive-stage small cell lung cancer:
a systematic review and network meta-analysis. JAMA Netw Open. 2020;3(10):e2015748.
https://doi.org/10.1001/jamanetworkopen.2020.15748.

Girling DJ. Comparison of oral etoposide and standard intravenous multidrug che-
motherapy for small-cell lung cancer: a stopped multicentre randomised trial. Lancet.
1996;348(9027):563—6. https://doi.org/10.1016/s0140-6736(96)02005-3.

Souhami RL, Spiro SG, Rudd RM, Elvira MCR, James LE, Gower NH, Lamont A, Harper
PG. Five-day oral etoposide2 treatment for advanced small-cell lung cancer: randomized
comparison with intravenous chemotherapy. J Natl Cancer Inst. 1997;89(8):577-80. https://
doi.org/10.1093/jnci/89.8.577.

Quoix E. Topotecan in the treatment of relapsed small cell lung cancer. Onco Targets Ther.
2008;1:79-86. https://doi.org/10.2147/ott.s3689.

Hagmann R, Hess V, Zippelius A, Rothschild SI. Second-line therapy of small-cell lung can-
cer: topotecan compared to a combination treatment with adriamycin, cyclophosphamide and
vincristine (ACO) - a single center experience. J Cancer. 2015;6(11):1148-54. https://doi.
org/10.7150/jca.13080.

Sundstrom S, Bremnes RM, Kaasa S, Aasebo U, Hatlevoll R, Dahle R, Boye N, Wang M,
Vigander T, Vilsvik J, Skovlund E, Hannisdal E, Aamdal S. Cisplatin and etoposide regi-
men is superior to cyclophosphamide, epirubicin, and vincristine regimen in small-cell lung
cancer: results from a randomized phase III trial with 5 years’ follow-up. J Clin Oncol.
2002;20(24):4665-72. https://doi.org/10.1200/JC0O.2002.12.111.

Xenidis N, Kotsakis A, Kalykaki A, Christophyllakis C, Giassas S, Kentepozidis N, Polyzos
A, Chelis L, Vardakis N, Vamvakas L, Georgoulias V, Kakolyris S. Etoposide plus cispl-
atin followed by concurrent chemo-radiotherapy and irinotecan plus cisplatin for patients
with limited-stage small cell lung cancer: a multicenter phase II study. Lung Cancer.
2010:;68(3):450—4. https://doi.org/10.1016/j.lungcan.2009.08.012.

Shepherd FA, Evans WK, MacCormick R, Feld R, Yau JC. Cyclophosphamide, doxorubicin,
and vincristine in etoposide- and cisplatin-resistant small cell lung cancer. Cancer Treat Rep.
1987;71(10):941-4.

Veronesi A, Cartel G, CriveUari D, Magri MD, Valentina MD, Foladore S, Trovo MG,
Nascimben O, Sibau A, Talamini R, Monfardini S. Cisplatin and etoposide versus cyclo-
phosphamide, epirubicin and vincristine in small cell lung cancer: a randomised study. Eur J
Cancer. 1994;30(10):1474-8. https://doi.org/10.1016/0959-8049(94)00253-2.

Jung SOK, Kim SY, Kim JO, Jung SS, Park HS, Moon JY, Kim SM, Lee JE. Promising
effects of 3rd line cyclophosphamide, adriamycin and vincristine (CAV) and 4th line ifos-
famide and carboplatin chemotherapy in refractory small cell lung cancer. Thorac Cancer.
2015:6(5):659-63. https://doi.org/10.1111/1759-7714.12198.

NHS. Chemotherapy protocols. Lung cancer-small cell (SCLC). Cyclophosphamide-
doxorubicin-vincristine. NHS, University Hospital Southampton, NHS Foundation
Trust, England, 2013. Available https://www.uhs.nhs.uk/Media/SUHTExtranet/Services/
Chemotherapy-SOPs/Lung-cancer-small-cell(SCLC)/Cyclophosphamide,Doxorubicin, Vinc
ristine.pdf. Accessed Oct 16, 2021.

Lee C. BC cancer protocol summary for second-line treatment of extensive stage small cell
lung cancer (SCLC) with irinotecan with or without platinum. BC Cancer. British Columbia,
2021. Available http://www.bccancer.bc.ca/chemotherapy-protocols-site/Documents/Lung/
LUSCPI_Protocol.pdf. Accessed Oct 16, 2021.

Georgoulias V, Agelidou A, Syrigos K, Rapti A, Agelidou M, Nikolakopoulos J, Polyzos
A, Athanasiadis A, Tselepatiotis E, Androulakis N, Kalbakis K, Samonis G, Mavroudis
D. Second-line treatment with irinotecan plus cisplatin vs cisplatin of patients with advanced


https://doi.org/10.1001/jamaoncol.2017.4504
https://doi.org/10.1001/jamaoncol.2017.4504
https://doi.org/10.1186/s13045-019-0736-3
https://doi.org/10.1001/jamanetworkopen.2020.15748
https://doi.org/10.1016/s0140-6736(96)02005-3
https://doi.org/10.1093/jnci/89.8.577
https://doi.org/10.1093/jnci/89.8.577
https://doi.org/10.2147/ott.s3689
https://doi.org/10.7150/jca.13080
https://doi.org/10.7150/jca.13080
https://doi.org/10.1200/JCO.2002.12.111
https://doi.org/10.1016/j.lungcan.2009.08.012
https://doi.org/10.1016/0959-8049(94)00253-2
https://doi.org/10.1111/1759-7714.12198
https://www.uhs.nhs.uk/Media/SUHTExtranet/Services/Chemotherapy-SOPs/Lung-cancer-small-cell(SCLC)/Cyclophosphamide,Doxorubicin,Vincristine.pdf
https://www.uhs.nhs.uk/Media/SUHTExtranet/Services/Chemotherapy-SOPs/Lung-cancer-small-cell(SCLC)/Cyclophosphamide,Doxorubicin,Vincristine.pdf
https://www.uhs.nhs.uk/Media/SUHTExtranet/Services/Chemotherapy-SOPs/Lung-cancer-small-cell(SCLC)/Cyclophosphamide,Doxorubicin,Vincristine.pdf
http://www.bccancer.bc.ca/chemotherapy-protocols-site/Documents/Lung/LUSCPI_Protocol.pdf
http://www.bccancer.bc.ca/chemotherapy-protocols-site/Documents/Lung/LUSCPI_Protocol.pdf

References 305

94.

95

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

non-small-cell lung cancer pretreated with taxanes and gemcitabine: a multicenter ran-
domised phase II study. Br J Cancer. 2005;93:763-9. https://doi.org/10.1038/sj.bjc.6602748.
XuF, Ren X, ChenY, Li Q, Li R, Chen Y, Xia S. Irinotecan-platinum combination therapy for
previously untreated extensive-stage small cell lung cancer patients: a meta-analysis. BMC
Cancer. 2018;18(1):808. https://doi.org/10.1186/s12885-018-4715-9.

. Han D, Wang G, Sun L, Ren X, Shang W, Xu L, Li S. Comparison of irinotecan/platinum

versus etoposide/platinum chemotherapy for extensive-stage small cell lung cancer: a meta-
analysis. Eur J Cancer Care. 2017;26(6):e12723. https://doi.org/10.1111/ecc.12723.

Hanna N, Bunn PA Jr, Langer C, Einhorn L, Guthrie T Jr, Beck T, Ansari R, Ellis P, Byrne M,
Morrison M, Hariharan S, Wang B, Sandler A. Randomized phase III Trial comparing irino-
tecan/cisplatin with etoposide/cisplatin in patients with previously untreated extensive-stage
disease small-cell lung cancer. J Clin Oncol. 2006;24(13):2038-43. https://doi.org/10.1200/
JCO.2005.04.8595.

Jonge MJA, Verweij J, Planting AST, van der Burg ME, Stoter G, Boer-Dennert MM, Bruijn
P, Brouwer E, Vernillet L, Sparreboom A. Clin Cancer Res. 1999;5(8):2012-7.

Han JY, Lim HS, Lee DH, Ju SY, Lee SY, Kim HY, Park YH, Park CG, Lee JS. Randomized
phase II study of two opposite administration sequences of irinotecan and cisplatin in patients
with advanced nonsmall cell lung carcinoma. Cancer. 2006;106(4):873-80. https://doi.
org/10.1002/cncr.21668.

Silva AA, Carlotto J, Rotta I. Padronizagao da ordem de infusdo de medicamentos antineop-
lasicos utilizados no tratamento dos canceres de mama e colorretal. Einstein. 2018;16(2):1-9.
Sato M, Ando M, Minami H, Ando Y, Ando M, Yamamoto M, Sakai S, Watanabe A, Ikeda
T, Sekido Y, Saka H, Shimokata K, Hasegawa Y. Phase I/Il and pharmacologic study of
irinotecan and carboplatin for patients with lung cancer. Cancer Chemother Pharmacol.
2001:48(6):481-7. https://doi.org/10.1007/s002800100355.

Moore AJ, Parker RJ, Wiggins J. Malignant mesothelioma. Orphanet J Rare Dis. 2008;3:34.
https://doi.org/10.1186/1750-1172-3-34.

Tsao AS, Wistuba I, Roth JA, Kindler HL. Malignant pleural mesothelioma. J Clin Oncol.
2009;27(12):2081-90. https://doi.org/10.1200/JC0O.2008.19.8523.

Goudreault J, Dagnault A. Mesothelioma: an evidence-based review. London:
IntechOpen; 2013.

Opitz I. Management of malignant pleural mesothelioma—The European experience. J
Thorac Dis. 2014;6(2):238-52. https://doi.org/10.3978/.issn.2072-1439.2014.05.03.

Bibby AC, Tsim S, Kanellakis N, Ball H, Talbot DC, Blyth KG, Maskell NA, Psallidas
I. Malignant pleural mesothelioma: an update on investigation, diagnosis and treatment. Eur
Respir Rev. 2016;25:472-86. https://doi.org/10.1183/16000617.0063-2016.

Kim J, Bhagwandin S, Labow DM. Malignant peritoneal mesothelioma: a review. Ann Transl
Med. 2017;5(11):236. https://doi.org/10.21037/atm.2017.03.96.

Steele JP, Shamash J, Evans MT, Gower NH, Tischkowitz MD, Rudd RM. Phase II
study of vinorelbine in patients with malignant pleural mesothelioma. J Clin Oncol.
2000;18(23):3912-7. https://doi.org/10.1200/JC0O.2000.18.23.3912.

Petrini I, Lucchesi M, Puppo G, Chella A. Medical treatment of malignant pleural mesothe-
lioma relapses. J Thorac Dis. 2018;10(2):333—41. https://doi.org/10.21037/jtd.2017.10.159.
Kindler HL, van Meerbeeck JP. The role of gemcitabine in the treatment of malignant meso-
thelioma. Semin Oncol. 2002;29(1):70-6. https://doi.org/10.1053/sonc.2002.30232.

Kim ST, Park JY, Lee J, Park JO, Park YS, Lim HY, Kang WK, Park SH. The efficacy of the
frontline platinum-based combination chemotherapy in malignant peritoneal mesothelioma.
Jpn J Clin Oncol. 2010;40(11):1031-6. https://doi.org/10.1093/jjco/hyq083.

Ak G, Metintas S, Akarsu M, Metintas M. The effectiveness and safety of platinum-based
pemetrexed and platinum-based gemcitabine treatment in patients with malignant pleural
mesothelioma. BMC Cancer. 2015;15:510. https://doi.org/10.1186/s12885-015-1519-z.


https://doi.org/10.1038/sj.bjc.6602748
https://doi.org/10.1186/s12885-018-4715-9
https://doi.org/10.1111/ecc.12723
https://doi.org/10.1200/JCO.2005.04.8595
https://doi.org/10.1200/JCO.2005.04.8595
https://doi.org/10.1002/cncr.21668
https://doi.org/10.1002/cncr.21668
https://doi.org/10.1007/s002800100355
https://doi.org/10.1186/1750-1172-3-34
https://doi.org/10.1200/JCO.2008.19.8523
https://doi.org/10.3978/j.issn.2072-1439.2014.05.03
https://doi.org/10.1183/16000617.0063-2016
https://doi.org/10.21037/atm.2017.03.96
https://doi.org/10.1200/JCO.2000.18.23.3912
https://doi.org/10.21037/jtd.2017.10.159
https://doi.org/10.1053/sonc.2002.30232
https://doi.org/10.1093/jjco/hyq083
https://doi.org/10.1186/s12885-015-1519-z

®

Check for
updates

Chapter 10
Chemotherapeutic Protocols
for the Treatment of Neurological Cancer

10.1 Epidemiological Profile of Neurological Cancers

Neurological tumors represent 1.4—1.8% of all cancers in the world, with the brain
being responsible for about 88% of neurological tumors. There are two basic types
of brain tumors that are primary and metastatic, in which the primary tumors origi-
nate and remain in the brain and the metastatic ones originate in other organs and
are spread to the brain [1-3].

According to WHO [4], 308,000 cases of neurological cancers were reported,
with 168,000 cases in men and 140,000 in women. Men are at greater risk of devel-
oping neurological cancers than women [5, 6]. Due to the location of the tumor, the
mortality rate is significant; in the WHO [4] data, 251,000 deaths from neurological
cancers were reported. Figure 10.1 shows the estimated incidence and mortality for
the year 2040.

The high incidence of neurological cancers occurs in northern Europe, Australia,
and North America, while in Africa the incidence is lower [7, 8]. The occurrence of
neurological cancers presents a distinct pattern in terms of age, with high incidence
rates among adults aged 60 years and over, children aged 0—4 years, and adolescents
[7, 9]. As for the histological type, gliomas are the most common in adults, account-
ing for 70-80% of cases of neurological tumors, but in children, the most common
types are pilocytic astrocytomas, medulloblastoma, and germ cell tumors [7, 10, 11].
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Fig. 10.1 Estimate of incidence and mortality from neurological cancers for the year 2040.
(Source: Created with BioRender.com and data were extracted from [4])

10.2 Types of Neurological Cancers

Some risk factors for the development of neurological cancers include high-dose
radiation, hereditary syndromes, increasing age, and a family history of brain tumors
[12]. Primary brain tumors start in the brain or nearby tissues such as the meninges,
cranial nerves, pituitary gland, or pineal gland. As in other tumors, cell DNA muta-
tions induce the development of neurological cancers [13—15]. Some types of neu-
rological tumors are shown in Fig. 10.2.

Glioma is the most common type of neurological cancer, starting in the glial
cells that surround the nerve cells and aid their function. Gliomas are classified
into three types, which will depend on the type of glial cell that started the tumor
development, being classified into astrocytomas, ependymomas, and oligoden-
drogliomas. Gliomas are characterized by their invasiveness and rapid growth
[16-19].

Another type of neurological tumor is the pituitary tumor, which develops in the
pituitary gland, thereby disrupting hormone production. Pituitary tumors tend to
remain in the pituitary gland or surrounding tissue [20, 21]. The neuroectodermal
tumor belongs to the group of small round cell tumors, presenting a neural origin,
which can compromise the central or peripheral nervous system. Neuroectodermal
tumors are extremely aggressive, with disease-free survival in 2-3 years ranging
from 25% to 60% [22-25].
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Fig. 10.2 Types of neurological tumors. (a) Glioma, (b) pituitary tumor, and (¢) neuroectodermal
tumor. (Source: Created with BioRender.com)

Metastatic brain cancer develops from the spread of cancer cells from other
organs to the brain, with the most likely cancers that spread to the brain being lung,
breast, colon, kidney, and melanoma cancers [2, 26, 27].

10.2.1 Chemotherapy for the Treatment of Glioma

Glioma treatment may include surgery, radiation therapy, chemotherapy, or just
medical follow-up. Surgery aims to remove most of the tumor and is usually the first
step in treatment. Radiation therapy follows surgery, especially in high-grade glio-
mas, and chemotherapy may also be indicated and may be combined with radiation
therapy [28-31]. Among the drugs used, temozolomide is the most frequent and is
indicated for the adjuvant treatment of astrocytomas, oligodendrogliomas, malig-
nant gliomas, and malignant brain tumors with MGMT methylation [32-37].

Another drug indicated as monotherapy is lomustine, which is indicated for the
treatment of recurrent malignant brain tumors; etoposide, which is used in the pal-
liative treatment of patients with recurrent malignant gliomas and ependymoma;
and procarbazine in the second-line treatment of recurrent brain tumors [38—44].
Some protocols indicated for the treatment of glioma will be covered in the next
topics [45-47].

10.2.1.1 BE Protocol (Bevacizumab and Etoposide)

The BE protocol combines bevacizumab with etoposide and has been indicated as pal-
liative therapy for recurrent malignant gliomas [48]. Bevacizumab is the standard treat-
ment for recurrent malignant glioma, but some patients may be resistant to bevacizamab
[49, 50]. Fu et al. [49] through a review study evaluated the benefits of the combination
of etoposide and bevacizumab in this group of patients. The protocol was observed to
promote an 8-month progression-free survival and 28-month overall survival.
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Fig. 10.3 Schedule of administration of the BE protocol with oral administration of etoposide

In a phase 2 study, Reardon et al. [51] and Reardon et al. [52] evaluated the effi-
cacy of bevacizumab combined with etoposide in the treatment of recurrent malig-
nant glioma. The protocol promoted 47-week overall survival and 6-month
progression-free survival was 40.6%. As for the toxicity profile, the most common
adverse events included neutropenia, thrombosis, hypertension, fatigue, and infec-
tion. According to Reardon et al. [52], combining bevacizumab with etoposide
increases toxicity compared with monotherapy with bevacizumab.

Regarding the BE protocol administration schedule (Fig. 10.3), bevacizumab is
administered by infusion on days 1 and 15 or on days 1 and 22, while etoposide is
administered orally from day 1 to day 21, once a day [53].

10.2.1.2 BL Protocol (Bevacizumab and Lomustine)

The combination of bevacizumab with lomustine is also indicated as palliative ther-
apy for recurrent malignant gliomas [54]. Lomustine is a prodrug of the nitrosourea
class that undergoes metabolization to its active form; acting from the alkylation
and cross-linking of DNA and RNA, it can also inhibit processes such as carbamo-
ylation and modification of cellular proteins [55-57].

The combination of lomustine and bevacizumab has brought benefits for the
treatment of glioma. According to Wick et al. [58], the combination promoted an
overall survival of 9.1 months and progression-free survival of 2.7 months longer
than in the bevacizumab monotherapy group. As for toxicity, 63.6% of patients had
grade 3-5 adverse events, but the combination did not affect the patients’ quality
of life.

Tonder et al. [59] evaluated the benefits of the combination of lomustine and
bevacizumab in the treatment of recurrent glioblastoma. The protocol presented leu-
kopenia, neutropenia, thrombocytopenia, and lymphopenia as the most frequent
toxicity. As for the benefits of the protocol, a progression-free survival of 2.6 months
and overall survival of 5.1 months were observed.

As for the administration schedule, the BL protocol (Fig. 10.4) starts with the
infusion of bevacizumab followed by the oral administration of lomustine on day 1
once daily every 6 weeks [53].
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Fig. 10.4 Schedule of administration of the BL protocol with oral administration of lomustine
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Fig. 10.5 CARV protocol infusion sequence

10.2.1.3 CARY Protocol (Carboplatin and Etoposide)

The CARV protocol combined carboplatin with etoposide in the treatment of recur-
rent ependymoma [60]. Jeremic et al. [61], in a phase 2 study, verified the efficacy
of the combination between carboplatin and etoposide in patients with recurrent
malignant glioma. As a result, partial responses were observed in 21% of patients,
with a mean time to tumor progression of 42.5 weeks and a mean survival time of
47.5 weeks.

Franceschi et al. [62] treated patients with high-grade recurrent glioma with car-
boplatin and etoposide. In the study, the authors found that the combination pro-
moted complete response in 20% of patients, the median time to progression of
4 months, 6-month progression-free survival of 33.3%, and median survival time of
10 months.

The combination of carboplatin and etoposide has also been shown to be effec-
tive and well tolerated in the treatment of children with brain tumors. According to
Castello et al. [63], the protocol promoted a response rate in five of six patients with
medulloblastoma and in two of four patients with high-grade astrocytoma. And as
for toxicity, the protocol induced anemia, thrombocytopenia, and leukopenia.

In high-grade progressive glioma, Tonder et al. [64] found that the combination
of carboplatin and etoposide promoted a progression-free survival of 2.5 months,
but at 6 months, the progression-free survival rate was 0%, showing that for heavily
pretreated glioma, the combination presented an unfavorable benefit-risk.

The infusion sequence of the CARV protocol (Fig. 10.5) is based on the initial
infusion of carboplatin followed by the infusion of etoposide; care must be taken
when infusing both drugs, as they may present a risk if extravasated due to their
irritating characteristics [65].
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Fig. 10.6 Schedule of administration of the PCV protocol with oral administration of lomustine
and procarbazine

10.2.1.4 PCYV Protocol (Procarbazine, Lomustine, and Vincristine)

The combination of procarbazine, lomustine, and vincristine is an alternative for the
treatment of brain tumors [66]. Cairncross et al. [67] tested the combination in the
treatment of oligodendroglial tumors, and as a result, they observed that the proto-
col associated with radiotherapy in patients with mutant HDI had longer overall
survival of 9.4 years. The prolongation of survival by the PCV protocol was also
observed by Lassman [68], who compared the protocol with temozolomide mono-
therapy in the treatment of anaplastic oligodendrogliomas.

Wick and Winkler [69] also compared the PCV protocol with temozolomide in
the treatment of gliomas. The authors highlight the importance of balancing the
advantages of both therapeutic regimens in terms of the benefits in prolonging sur-
vival versus the risks of toxicity and impact on patients’ quality of life. In a real-
world study, Keogh et al. [70] highlight the frequent toxicities induced by the PCV
protocol in clinical practice, with hematological toxicities being the most common,
with cases of thrombocytopenia and neutropenia.

As for the PCV protocol infusion schedule (Fig. 10.6), vincristine is adminis-
tered by infusion followed by oral administration of lomustine once daily and pro-
carbazine once daily for 10 days [71].

10.2.1.5 TMZETO Protocol (Temozolomide and Etoposide)

The association between temozolomide and etoposide may be indicated in the treat-
ment of recurrent malignant brain tumors [72]. In a phase 1 study, Korones et al.
[73] evaluated the maximum tolerated dose in the combination of temozolomide
and etoposide in the treatment of recurrent malignant glioma. The authors noted that
some patients developed thrombocytopenia, neutropenia, fever, herpes zoster infec-
tion, and pneumonia, and the maximum tolerated dose of temozolomide was
150 mg/m? and that of oral etoposide was 50 mg/m?>.

In children with recurrent malignant brain tumors, Ruggiero et al. [74] evaluated
the combination of temozolomide and etoposide through a review study. The advan-
tage of using temozolomide and etoposide in brain tumors is that they both pene-
trate the blood-brain barrier, thereby acting against malignant brain tumors, and
drugs that have distinct cytotoxicity mechanisms can enhance their therapeutic
effects [74].
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As for the administration schedule, both drugs are administered orally; temo-
zolomide is administered once a day for 5 days, while etoposide is administered
once a day for 12 days [72].

10.2.2 Chemotherapy for the Treatment of Primary
Neuroectodermal Tumors

The first treatment option for primitive neuroectodermal tumors is surgery to
obtain tissue to determine the type of tumor and remove as much of the tumor as
possible. Surgery may be followed by radiotherapy and treatment with chemo-
therapy, targeted therapy, and immunotherapy. Chemotherapy protocols signifi-
cantly improve outcomes in treating patients with primitive neuroectodermal
tumors [75-80].

One of the protocols indicated for the treatment of primitive neuroectodermal
tumors is PCV, which is also indicated for the treatment of gliomas (see topic
10.2.1.4) [81, 82]. Another protocol is the CCV, which I will cover in the next topic.

10.2.2.1 CCYV Protocol (Lomustine, Cisplatin, and Vincristine)

The CCV protocol combines lomustine, cisplatin, and vincristine for adjuvant treat-
ment in high-risk adult medulloblastoma [83]. Rutkauskiene and Labanauskas [84]
evaluated the effectiveness of the CCV protocol in patients with high-risk medul-
loblastoma. The protocol had a relapse rate of 11.1%, the median time to progres-
sion of 47 months, 2-year progression-free survival of 88.9%, and 2-year overall
survival of 71.1%.

In the study by Lefkowitz et al. [85], the combination of lomustine, cisplatin, and
vincristine promoted a disease-free survival of 18.5 months, and with regard to tox-
icity, the most frequent adverse events were reversible bone marrow suppression,
high-frequency hearing loss, and decreased kidney function.

As for the administration schedule, the CCV protocol (Fig. 10.7) starts with the
infusion of vincristine, which is a specific cycle drug with a vesicant characteristic
[86, 87], followed by cisplatin infusion, and finally oral administration of lomustine
once daily on day 1 [88].

- —

Fig. 10.7 CCYV protocol administration schedule
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10.2.3 Treatment of Pituitary Tumor

Some pituitary tumors do not require treatment; the choice of treatment depends on
the type of tumor and the size of the tumor. Among the therapeutic modalities, sur-
gery is indicated in cases where the tumor is pressing on the optic nerves or if it is
overproducing some hormones. After surgery, radiotherapy or isolated therapy may
be indicated in cases where surgery is not indicated [8§9-92].

Concerning drug treatment, drugs that block excessive hormone secretion may
be indicated, for example, bromocriptine and cabergoline, which act by decreasing
prolactin secretion, and are indicated in the treatment of pituitary adenomas [93—
95]. Lanreotide and octreotide are octapeptide analogs of the endogenous soma-
tostatin that act by decreasing the production of growth hormone and are indicated
in the treatment of growth hormone-secreting pituitary adenoma [96, 97].
Quinagolide is another drug used in the treatment of pituitary adenomas; it acts as a
selective dopamine D2 receptor agonist and reduces elevated levels of prolactin
[98-100].
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