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Chapter 46
Chemotherapy Induced Nausea
and Vomiting

Rudolph M. Navari

Abstract Oncology practitioners currently have very effective antiemetic agents in
the form of 5-hydroxytryptamine-3 receptor antagonists, neurokinin-1 receptor
antagonists, dexamethasone, and olanzapine for use in the prevention of
chemotherapy-induced nausea and vomiting in patients receiving moderately or
highly emetogenic chemotherapy. The choice of individual agents and the combina-
tion of agents should be dictated by the emetogenicity of the chemotherapy and
patient risk factors. The available agents for the prevention of CINV appear to be
safe and effective with few reported adverse events when used in the recommended
doses.

The use of these agents in various clinical settings is described by established
antiemetic guidelines from the Multinational Association of Supportive Care in
Cancer and the European Society of Medical Oncology, the American Society of
Clinical Oncology, and the National Comprehensive Cancer Network. These guide-
lines should be followed by practitioners in order to provide the highest possible
quality of care for patients receiving chemotherapy.
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GI Gastrointestinal

5-HT; 5-hydroxytryptamine-3

HEC Highly emetogenic chemotherapy
MEC Moderately emetogenic chemotherapy

MASCC  Multinational Association of Supportive Care in Cancer
NCCN National Comprehensive Cancer Network

NTS Nucleus Tractus solitarius
NK-1 Neurokinin-1

VAS Visual analogue scale

VvC Vomiting Centre

46.1 Introduction

Chemotherapy-induced nausea and vomiting (CINV) is associated with a signifi-
cant deterioration in quality of life and is perceived by patients as a major adverse
effect of the treatment [1-3]. Increased risk of CINV is associated with the type of
chemotherapy administered (Table 46.1) and specific patient characteristics
(Table 46.2) [3]. CINV can result in serious complications, such as weakness,
weight loss, electrolyte imbalance, dehydration or anorexia, and is associated with
a variety of complications, including fractures, oesophageal tears, decline in behav-
ioural and mental status, and wound dehiscence [1-3]. Patients who are dehydrated,
debilitated or malnourished, as well as those who have an electrolyte imbalance or
those who have recently undergone surgery or radiation therapy are at greater risk
of experiencing serious complications from CINV [1-3].

The type of chemotherapy to be given defines the degree of emetogenicity
(Table 46.3) and the risk of CINV for patients. Table 46.4, 46.5 and 46.6 lists the
emetogenicity of the various intravenous chemotherapy agents. Table 46.7 lists the
emetogenicity of some of the oral chemotherapy agents. The type and number of

Table 46.1 Emetic potential of chemotherapy agents

Emetogenic Definition (no
potential Typical agents CINV prevention)
High Cisplatin, dacarbazine, melphalan (high dose), nitrogen Emesis in nearly
mustard, cyclophosphamide plus an anthracycline all patients
Moderate Anthracyclines, carboplatin, carmustine (high dose), Emesis in >70%
cyclophosphamide, ifosfamide, irinotecan, methotrexate of patients
(high dose), oxaliplatin, topotecan
Low Etoposide, 5-fluorouracil, gemcitabine, mitoxantrone, Emesis in
taxanes, vinblastine, vinorelbine 10-70% of
patients
Minimal Bortezomib, hormones, vinca alkaloids, bleomycin Emesis in <10%
of patients

CINV chemotherapy-induced nausea and vomiting
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Table 46.2 Patient-related risk factors for emesis following chemotherapy

Major factors Minor factors
Female, History of motion sickness,
Age < 50 years Emesis during past

History of low prior chronic alcohol intake (<1 ounce of alcohol/ | pregnancy
day)

History of previous chemotherapy-induced emesis,
Emetogenicity of chemotherapy regimen

Table 46.3 Chemotherapy emetogenicity risk classification

Risk classification Definition

High emetic risk >90% frequency of emesis
Moderate emetic risk 30-90% frequency of emesis
Low emetic risk 10-30% frequency of emesis
Minimal emetic risk <10% frequency of emesis

Table 46.4 Higly emetogenic chemotherapy

>90% emetic risk:

Anthracycline + cyclophosphamide combination (defined as either doxorubicin or epirubicin
with cyclophosphamide)

Carboplatin AUC >4
Carmustine >250 mg/m?

Cisplatin

Cyclophosphamide >1500 mg/m?

Dacarbazine

Doxorubicin >60 mg/m?

Epirubicin >90 mg/m?

Ifosfamide >2 g/m? per dose

Streptozocin




Table 46.5 Moderately
emetogenic chemotherapy

Table 46.6 Low emetogenic
chemotherapy

Table 46.7 Oral
chemotherapy agents with
moderate to high emetogenic
potential

30-90% emetic risk:

Bendamustine

Oxaliplatin

Carboplatin AUC <4

Carmustine <250 mg/m?

Cyclophosphamide <1500 mg/m?

Ifosfamide <2 g/m? per dose

Irinotecan

Cytarabine >200 mg/m’

Doxorubicin <60 mg/m?,
daunorubicin, idarubicin

Temozolomide

Methotrexate >250 mg/m?

10-30% emetic risk:

5-fluorouracil

Ado-trastuzumab emtansine

Cytarabine (low dose) 100—
200 mg/m?

Docetaxel

Eribulin

Gemcitabine

Topotecan

Paclitaxel

Pemetrexed

Ziv-aflibercept

Vismodegib

Altretamine

Busulfan (>4 mg/d)

Ceritinib

Crizotinib

Cyclophosphamide (> 100 mg/m?%d)

Estramustine

Etoposide

Lenvatinib

Lomustine (single day)

Mitotane

Olaparib

Panobinostat

Procarbazine

Temozolomide (>75 mg/m?/d)
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antiemetics to be used for the control of CINV is dictated by whether the chemo-
therapy is of high, moderate, or low emetogenic potential.

Studies have suggested that physicians and nursing staff underestimated the
CINV experienced by patients [4], and there is a significant financial impact of
health care expenditures when CINV is not well controlled [5].

The use of first generation 5-hydroxytryptamine-3 (5-HT;) receptor antagonists
plus dexamethasone has improved the control of CINV [3, 6]. Studies have also
demonstrated improvement in the control of CINV with the use of a second-
generation 5-HTj; receptor antagonist palonosetron [7], neurokinin-1 (NK-1) recep-
tor antagonists (aprepitant, netupitant, and rolapitant) [8—10] and olanzapine, an
antipsychotic that blocks multiple neurotransmitters in the central nervous system
[11-15].

The primary endpoint used for studies evaluating various agents for the control
of CINV has been complete response (no emesis, no use of rescue medication) over
the acute (24 h post-chemotherapy), delayed (24—120 h) and overall (0-120 h) peri-
ods [3]. Studies have shown that the combination of a 5-HT; receptor antagonist,
dexamethasone and an NK_, receptor antagonist have improved the control of eme-
sis in patients receiving either highly emetogenic chemotherapy (HEC) or moder-
ately emetogenic chemotherapy (MEC) over a 120-h period following chemotherapy
administration [3, 7-13]. Many of these same studies have measured nausea as a
secondary endpoint and have demonstrated that nausea has not been well controlled
[16, 17].

Emesis is a well-defined event that is easily measured, but nausea may be more
subjective and more difficult to measure. However, two well defined measures of
nausea that appear to be effective and reproducible measurement tools are the visual
analogue scale (VAS) and the Likert Scale [18]. The VAS is a scale from 0 to 10 or
0 to 100, with zero representing no nausea and 10 or 100 representing maximal
nausea. The Likert Scale asks patients to rate nausea as ‘None, Mild, Moderate or
Severe’.

Many studies have reported the secondary endpoint of ‘no significant nausea’ or
‘only mild nausea [3, 8, 17]. Studies that have reported ‘no nausea’ may be more
useful in identifying the most effective available anti-nausea agents [14, 16].

Despite the introduction of more effective antiemetic agents, emesis and nausea
remain a significant complication of chemotherapy. The purpose of this review is to
evaluate the clinical agents available for the prevention and treatment of CINV. The
use of these agents in various clinical settings is described using the recently estab-
lished guidelines from the Multinational Association of Supportive Care in Cancer
(MASCC) and the European Society of Medical Oncology [19], the American
Society of Clinical Oncology (ASCO) [20], and the National Comprehensive
Cancer Network (NCCN) guidelines [21]. The literature cited in the report consists
of the primary clinical trials used for the United States Food & Drug Administration
(FDA) approval of the various agents as well as recent comprehensive reviews.



1012 R. M. Navari

Physiology of
Chemotherapy-Induced Emesis
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Fig. 46.1 Physiology of Chemotherapy Induced Emesis

46.1.1 Pathophysiology of Nausea and Vomiting

The sensation of nausea and the act of vomiting are protective reflexes that rid the
intestine and stomach of toxic substances. The experience of nausea is subjective,
and nausea may be considered a prodromal phase to the act of vomiting [18]
although significant nausea may occur without vomiting. Vomiting consists of a pre-
ejection phase, retching and ejection and is accompanied by shivering and saliva-
tion. Vomiting is triggered when afferent impulses from the cerebral cortex,
chemoreceptor trigger zone (CTZ), pharynx and vagal afferent fibres of the gastro-
intestinal (GI) tract travel to the vomiting centre (VC), located in the medulla
(Fig. 46.1). Efferent impulses then travel from the VC to the abdominal muscles,
salivation centre, cranial nerves and respiratory centre, causing vomiting. It is
thought that chemotherapeutic agents cause vomiting by activating neurotransmitter
receptors located in the CTZ, GI tract and VC. The mechanisms of emesis are not
well defined, but investigations suggest that emesis may be primarily mediated
through neurotransmitters (serotonin, dopamine, substance P) in the GI tract and the
central nervous system [18]. Figure 46.1 shows that chemotherapy agents may
directly affect areas in the cerebral cortex, the medulla oblongata, or may stimulate
the small intestine of the GI tract via the vagus nerve. A VC, termed the ‘central
pattern generator’ by some authors [22], appears to be located in the lateral reticular
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Neurotransmitters involved in emesis

Histamine

Endorphins

Acetylcholine

Fig. 46.2 Neurotransmitters Involved in Emesis

formation of the medulla, which coordinates the mechanism of nausea and vomit-
ing. An additional important area, also located in the medulla, is the CTZ in the area
postrema near the fourth ventricle [22]. It is strongly suspected that the nucleus
tractus solitarius (NTS) neurons lying ventrally to the area postrema initiate emesis
[23]. This medullary area is a convergence point for projections arising from the
area postrema and the vestibular and vagal afferents [23]. The NTS is a good candi-
date for the site of action of centrally acting antiemetics.

The main approach to the control of emesis has been to identify the active neu-
rotransmitters and their receptors in the central nervous system and the GI tract that
mediate the afferent inputs to the VC (Fig. 46.2). Agents that may block these neu-
rotransmitter receptors in the CTZ, the VC or the GI tract may be useful in prevent-
ing or controlling emesis (Table 46.8).

Nausea is a difficult-to-describe, sick or queasy sensation, usually perceived as
being in the stomach that is sometimes followed by emesis [18]. The experience of
nausea is difficult to describe in another person. Nausea and emesis are not neces-

Table 46.8 Antiemetic receptor antagonists

Dopa-5-HT;
Dopamine receptor receptor NK;, receptor
antagonists 5-HT; receptor antagonists antagonists antagonists
Butyrophenones, Azasetron, dolasetron (not Metoclopramide | Aprepitant
olanzapine, recommended for use per US (MK-869),
phenothiazines FDA), granisetron, olanzapine, fosaprepitant,
ondansetron (IV dose restriction netupitant,
per FDA), palonosetron, rolapitant)

ramosetron, tropisetron

IV intravenous, NK neurokinin, 5-HT}; serotonin
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sarily on a continuum. One can experience nausea without emesis and one can have
sudden emesis without nausea. Nausea has been assumed to be the conscious aware-
ness of unusual sensations in the ‘vomiting centre’ of the brainstem (Fig. 46.1), but
the existence of such a centre and its relationship to nausea remain controversial
[18].

The study of the receptors that are illustrated in Fig. 46.2 has guided the develop-
ment of the antagonists to the serotonin and the substance P receptors with relative
success in controlling emesis. It is not clear whether the serotonin and/or the sub-
stance P receptors are important in the control of nausea. Other receptors, such as
dopaminergic, histaminic and muscarinic, may be the dominant receptors in the
control of nausea [3, 16, 17].

46.1.2 Types of Chemotherapy-Induced Nausea and Vomiting
(CINV)

Five categories are used to classify CINV: acute, delayed, anticipatory, break-
through, and refractory. Nausea and vomiting may occur any time after the admin-
istration of chemotherapy, but the mechanisms appear different for CINV occurring
in the first 24 h after chemotherapy in contrast to that which occurs in the period of
1-5 days after chemotherapy.

46.1.2.1 Acute CINV

The term acute-onset CINV refers to nausea and/or vomiting occurring within 24 h
of chemotherapy administration [3] and usually peaks within the first 5, 6 h after the
initiation of chemotherapy. The incidence of acute emesis and/or nausea reflects
several treatment-related factors, including the environment in which chemotherapy
is administered, the emetogenicity of the chemotherapy, the dosage of the emeto-
genic agents and patient-related factors [21].

46.1.2.2 Delayed CINV

Nausea and/or vomiting that develop more than 24 h after chemotherapy adminis-
tration is known as delayed emesis and/or nausea. Typically occurring with admin-
istration of cisplatin, carboplatin, doxorubicin, or cyclophosphamide, delayed
emesis/nausea is more common in those who experience acute emesis/nausea.
Other predictive factors include the dose and the emetogenicity of the
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chemotherapeutic agent, patient sex and age, and protection against nausea and
vomiting in previous cycles of chemotherapy [3, 21]. For cisplatin, which has been
most extensively studied, delayed emesis reaches peak intensity 2-3 days subse-
quent to chemotherapy administration and can last up to a week [3, 19-21].

46.1.2.3 Breakthrough CINV

Vomiting and/or nausea that occurs within 5 days after chemotherapy despite pro-
phylactic use of antiemetic agents and/or requires additional antiemetics (‘rescue’)
is called breakthrough emesis

46.1.2.4 Refractory CINV

Vomiting and/or nausea occurring after chemotherapy in subsequent chemotherapy
cycles when antiemetic prophylaxis and/or rescue have failed in earlier cycles is
known as refractory emesis [3, 21].

46.1.2.5 Anticipatory CINV

If patients experience CINYV, they may develop a conditioned response known as
anticipatory nausea and/or vomiting, which occurs prior to the administration of
chemotherapy in future chemotherapy cycles and is attributed to the adverse mem-
ory of prior CINV. Incidence rates for this type of nausea and vomiting range from
10% to 45%, with nausea occurring more frequently [3, 21].

46.2 Antiemetic Agents

46.2.1 Dopamine Receptor Antagonists

Dopamine receptors are known to exist in the CTZ, and this is the main area of
activity of the dopamine antagonists, such as the phenothiazines and the butyrophe-
nones (droperidol, haloperidol). However, a high level of blockade of the dopamine
receptors results in extrapyramidal reactions, as well as disorientation and sedation,
limiting the clinical use of these agents. Their current use is primarily to treat estab-
lished nausea and emesis and not for CINV prophylaxis [21].
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46.2.2 Serotonin (5-HT;) Receptor Antagonists

Serotonin receptors, specifically the 5-HT; receptors, exist in the central nervous
system and in the GI tract. The 5-HT; receptor antagonists appear to act through
both the central nervous system and the GI tract via the vagus and splanchnic nerves.

The introduction of 5-HT}; receptor antagonists for the prevention of CINV, as
well as post-operative and radiotherapy-induced nausea and vomiting, has resulted
in an improvement in supportive care [3]. Treatment guidelines for the prevention of
CINV recommended by a number of international groups [19-21] suggest the use
of a 5-HT; receptor antagonist and dexamethasone alone or in combination with
other antiemetics pre-chemotherapy for the prevention of acute CINV, and the use
of dexamethasone alone or in combination with other antiemetics following chemo-
therapy for the prevention of delayed nausea and vomiting in patients receiving
either moderately or highly emetogenic chemotherapy.

46.2.3 First-Generation 5-HT; Receptor Antagonists

Table 46.9 shows the 5-HT; receptor antagonists currently in use. The first-
generation 5-HTj; receptor antagonists (dolasetron, granisetron, ondansetron, tropi-
setron [24], azasetron [25] and ramosetron [26] are equivalent in efficacy and
toxicities when used in the recommended doses and compete only on an economic
basis [27]. They have not been associated with major toxicities, with the most com-
monly reported adverse events being mild headache, constipation and, occasionally,
mild diarrhea [3]. Azasetron and ramosetron are not available in North America and

Table 46.9 Serotonin Antiemetic | Route Dosage
antagonists and dosage before Azasetron v 10 mg
chemotherapy?®
Dolasetron® | IV 100 mg or 1.8 mg/kg
PO 100 mg
Granisetron | IV 10 pg/kg or 1 mg or 500 mg sc
PO 2 mg (or 1 mg twice daily)
Ondansetron | IV 8 mg (restricted to <16 mg)
PO 24 mg
Palonosetron | IV 0.25 mg
Ramosetron | IV 0.30 mg
Tropisetron | IV or PO |5 mg

IV intravenous, PO oral

“The same doses are used for highly and moderately emeto-
genic chemotherapy

°Not recommended for use per US FDA
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Europe and have not been compared extensively with the other 5-HT; receptor
antagonists. They are marketed primarily in Southeast Asia.

Differences in metabolism of the 5-HT3 receptor antagonists may occur due to
genetic variability in individuals which may lead to a difference in response to these
agents, but there have been no documented clinical reports of this phenomenon [3,
19-21, 24-27].

In 2006, Canada issued a drug alert for dolasetron, due to the potential of serious
cardiovascular adverse events (cardiac arrhythmias) [28], stating that dolasetron
was not indicated for use in children, but only for prevention of CINV in adults [28].
Subsequently, in 2010, the US FDA announced that the intravenous form of dolas-
etron should no longer be used to prevent CINV in any patient. New data suggested
that dolasetron injection can increase the risk of developing a prolongation of the
QT interval, which may potentially precipitate life-threatening ventricular arrhyth-
mias [29].

In 2012, the FDA placed a restriction on the doses of intravenous ondansetron
due to the risk of prolongation of the QT interval [30]. Patients who may be at par-
ticular risk for QT prolongation with ondansetron is those with congenital long QT
syndrome, congestive heart failure, brady-arrhythmias, or patients taking concomi-
tant medications that prolong the QT interval. The use of a single 32-mg intravenous
dose of ondansetron should be avoided. New information indicates that QT prolon-
gation occurs in a dose-dependent manner, and specifically at a single intravenous
dose of 32 mg. The lower-dose intravenous regimen of 0.15 mg/kg every 4 h for
three doses may be used in adults with CINV. However, no single intravenous dose
of ondansetron should exceed 16 mg due to the risk of QT prolongation. The new
information does not change any of the recommended oral dosing regimens for
ondansetron, including the single oral dose of 24 mg for CINV [30].

Mason et al. [31] has reported that intravenous granisetron had no clinically sig-
nificant effect on the QTc interval at supratherapeutic concentrations.

The first-generation 5-HTj; receptor antagonists have not been as effective against
delayed emesis as they are against acute CINV [32-34]. The first-generation 5-HT;
receptor antagonists alone do not add significant efficacy to that obtained by dexa-
methasone in the control of delayed emesis [33]. Hickok et al. [34] reported that the
first-generation 5-HT; receptor antagonists used in the delayed period were no more
effective than prochlorperazine in controlling nausea. The antiemetic effects of pro-
chlorperazine can be attributed to post-synaptic dopamine receptor blockade in the
CTZ. A meta-analysis [33] showed that there was neither clinical evidence nor con-
siderations of cost effectiveness to justify using the first-generation 5-HT; receptor
antagonists beyond 24 h after chemotherapy for the prevention of delayed emesis. A
number of studies have also demonstrated that there has been poor control of
delayed nausea by the first-generation 5-HT; receptor antagonists in patients receiv-
ing HEC or MEC [12, 35, 36].
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46.2.4 Extended Release Granisetron

A randomized, double-blind, phase III clinical trial evaluated the antiemetic effi-
cacy of transdermal granisetron compared to oral granisetron in patients receiving
MEC and HEC [37]. There was no significant difference in the control of acute or
delayed emesis between transdermal and oral granisetron. The data demonstrated
that transdermal granisetron was effective and safe in the control of acute emesis
induced by MEC and HEC [37].

APF530 is a new, subcutaneously (SC) administered polymeric formulation of
granisetron that was developed to provide slow, controlled, and sustained release of
granisetron to prevent both acute and delayed CINV associated with MEC and HEC
[38]. APF530 consists of 2% granisetron and a polymer vehicle of tri(ethylene gly-
col) poly(orthoester) (TEG-POE) that undergoes controlled hydrolysis, resulting in
slow, controlled, and sustained drug release. The novel biodegradable polymeric
excipient is hydrolyzed in vivo, generating nontoxic biodegradable metabolites.
This Biochronomer™ drug delivery system (Heron Therapeutics, Inc., Redwood
City, CA) allows therapeutic levels of granisetron to be maintained for >5 days with
a single subcutaneous injection. In a clinical study [38] in patients undergoing che-
motherapy, single-dose APF530 (5-15 mg granisetron) administered SC in the
abdomen provided circulating levels of granisetron within 30 min, a maximum
plasma concentration at ~24 h, and sustained therapeutic levels for >120 h. In a
phase 3 noninferiority trial, the clinical efficacy of APF530 250 and 500 mg SC
(containing granisetron 5 and 10 mg, respectively) was compared with that of the
approved dose of palonosetron (0.25 mg intravenously) in combination with dexa-
methasone for prevention of acute and delayed CINV following single-day admin-
istration of MEC or HEC in patients with cancer. APF530 was noninferior to
palonosetron with injection site reactions and constipation the most commonly
reported adverse events [38]. In a QTc study, the APF530 formulation had no clini-
cally significant effect on the QTc interval at supratherapeutic concentrations [31].

46.2.5 Second-Generation 5-HT; Receptor Antagonists:
Palonosetron

Palonosetron is a second-generation 5-HT; receptor antagonist that has antiemetic
activity at both central and GI sites [3, 6, 7]. In comparison with the first-generation
5-HT; receptor antagonists, it has a higher potency, a significantly longer half-life
and a different molecular interaction with 5-HT; receptors [3, 6, 7, 39] (Table 46.10).
Palonosetron studies suggest that it may have efficacy in controlling delayed CINV
compared with the first-generation 5-HTj; receptor antagonists [3, 6, 7, 39].
Palonosetron demonstrated a 5-HT; receptor binding affinity at least 30-fold
higher than other 5-HTj; receptor antagonists [34]. Rojas et al. [40] reported that
palonosetron exhibited allosteric binding and positive cooperativity when binding
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Table 46.10 5-HT; receptor pKi Half-life

antagonists’ binding affinity Drug [—log(Ki)] | (hours)

and plasma half-life Palonosetron | 10.45 40
Ondansetron | 8.39 4
Granisetron 8.91 9
Dolasetron+ 7.60 7.3

+ Half-life reported for hydrodolasetron,
the active metabolite of dolasetron

to the 5-HTj; receptor compared with simple bimolecular binding for both granise-
tron and ondansetron. Additional studies by Rojas et al. [40] suggested that palono-
setron triggers 5-HT; receptor internalization and causes prolonged inhibition of
receptor function. Differences in binding and effects on receptor function may
explain some differences between palonosetron and the first-generation 5-HT;
receptor antagonists [7, 40]. These differences may explain palonosetron’s efficacy
in delayed CINV compared with the first-generation receptor antagonists [3, 7, 39].

In a systematic review and meta-analysis of all randomized controlled trials
comparing a single dose of palonosetron with other 5-HT; receptor antagonists,
Botrel et al. [41] concluded that palonosetron was more effective than the first gen-
eration receptor antagonists in preventing acute and delayed CINV in patients
receiving MEC or HEC, regardless of the use of concomitant corticosteroids.
Schwartzberg et al. [42] concluded that palonosetron is more effective than the first
generation 5-HT; receptor antagonists in controlling CINV in the delayed and over-
all post-chemotherapy periods based on a pooled analysis of phase III clinical stud-
ies of palonosetron versus ondansetron, dolasetron, and granisetron. In an additional
review, Popovic et al. [43] concluded that palonosetron is safer and more efficacious
than the other 5-HT; receptor antagonists. The international antiemetic guidelines
[19-21] recommend palonosetron as the preferred 5-HTj; receptor antagonist.

The safety and tolerability of palonosetron has been well documented in multi-
ple, large phase III trials. There were no clinically relevant differences seen among
palonosetron, ondansetron, or dolasetron in laboratory, electrocardiographic, or
vital sign changes over multiple cycles of chemotherapy [7, 39, 43—45]. The adverse
reactions reported were the most common reactions reported for the 5-HTj; receptor
antagonist drug class. There have been no reports of any adverse cardiac events with
palonosetron, specifically no prolongation of the QT interval in healthy volunteers
or patients receiving repeated cycles of emetogenic chemotherapy [7, 39, 43-45]
Table 46.11 summarizes the reported adverse events of the antiemetic guideline
directed serotonin antagonists.

There are no other second-generation 5-HT; receptor antagonists on the market
and there is no information available on other second-generation agents in
development.
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Table 46.11 Safety and tolerability of the antiemetic guideline directed serotonin antagonists
[19-21, 30, 31]

Antiemetic | Route | Adverse events

Granisetron | IV, Constipation, headache, diarrhea, mild dizziness
PO

Ondansetron | IV, Constipation, headache, diarrhea, mild dizziness, QT¢ prolongation with
PO IV doses >16 mg

Palonosetron | IV, Constipation, headache, diarrhea
PO

46.2.6 Dopamine-Serotonin Receptor Antagonists

Metoclopramide has antiemetic properties both in low doses as a dopamine antago-
nist and in high doses as a serotonin antagonist. The use of metoclopramide may be
somewhat efficacious in relatively high doses (20 mg orally, three times daily) in the
delayed period [46] but may result in sedation and extrapyramidal side effects [3,
21, 47].

Metoclopramide has been used both as a preventative agent for CINV [46] as
well as a treatment for breakthrough CINV [21, 47].

In 2013, the European Medicines Agency issued use restrictions for metoclo-
pramide due to the risk of

e extrapyramidal disorders
e involuntary movement disorders that may include muscle spasms
e tardive dyskinesia

It was noted that the risk of side effects is increased at high doses or with long-term
treatment. The review recommended that treatment duration be restricted to short-
term use (up to 5 days) and that the maximum dose be limited in adults to 10 mg
three times daily. It was also recommended that metoclopramide not be used in
children under 1 year old [48].

The reduced dose of 10 mg three times daily may be less efficacious as a preven-
tative agent for CINV and as a treatment for breakthrough CINV [3, 21, 46, 47].

46.2.7 Neurokinin (NK-1) Receptor Antagonists

Substance P is a mammalian tachykinin that is found in vagal afferent neurons
innervating the brainstem NTS, which sends impulses to the VC [49]. Substance P
induces vomiting and binds to NK, receptors in the abdominal vagus, the NTS, and
the area postrema [49]. Compounds that block NK; receptors lessen emesis after
cisplatin, ipecac, apomorphine and radiation therapy [49]. These observations have
recently led to the development of NK, receptor antagonists and the study of the role
they may play in controlling CINV.
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46.2.7.1 Aprepitant

Aprepitant is an NK-1 receptor antagonist that blocks the emetic effects of sub-
stance P [3, 8, 50]. When combined with a standard regimen of the corticosteroid
dexamethasone and a 5-HTj; receptor antagonist, aprepitant is effective in the pre-
vention of CINV in patients receiving cisplatin based HEC [3, 50]. This regimen is
recommended in the guidelines of multiple international groups for the control of
CINV in patients receiving HEC [19-21].

Combined data from two large phase III trials of aprepitant plus a first-generation
5-HTj; receptor antagonist and dexamethasone for the prevention of CINV in
patients receiving HEC demonstrated an improvement in complete response when
aprepitant was added to ondansetron and dexamethasone, but there was no improve-
ment in nausea when the pooled data was analysed for sex (no nausea, overall
period: 46% for women, aprepitant group, 38% for women, control group; 50% for
men, aprepitant group, 44% for men, control group) [51]. Using the same pooled
data, a separate analysis [52] showed a statistical but small improvement in no nau-
sea with the use of aprepitant (no nausea, overall period: 48%, aprepitant group;
42%, control group).

In a similar study involving breast cancer patients receiving cyclophosphamide
and doxorubicin or epirubicin, aprepitant was added to ondansetron and dexametha-
sone for the prevention of CINV. The addition of aprepitant to the 5-HT; receptor
antagonist plus dexamethasone improved the complete response, but there was no
improvement in nausea (no nausea, overall period: 33% aprepitant group; 33% con-
trol group) [36].

Palonosetron and aprepitant have been combined with dexamethasone for the
prevention of CINV in a phase II study of 58 patients who received doxorubicin and
cyclophosphamide [53]. This three-drug antiemetic regimen was found to be safe
and highly effective in preventing emesis and rescue in the acute, delayed and over-
all periods, but there was poor control of nausea (no nausea, overall period: 30%).

46.2.7.2 Fosaprepitant

Fosaprepitant (also known as MK-0517 and L-758,298) is a water-soluble phospho-
ryl pro-drug for aprepitant that, when administered intravenously, is converted to
aprepitant within 30 min via the action of ubiquitous phosphatases. The pharmaco-
logical effect of fosaprepitant is attributed to aprepitant. Due to the rapid conversion
of fosaprepitant to the active form (aprepitant) by phosphatase enzymes, it is
expected to provide the same aprepitant exposure in terms of area under the curve
(AUC) and a correspondingly similar antiemetic effect [54, 55]. Studies have dem-
onstrated that a single dose of intravenous fosaprepitant, 150 mg on day 1 of cispla-
tin chemotherapy, was noninferior to a 3-day oral regimen of aprepitant in the
prevention of CINV in the 120 h post-chemotherapy [55].

Both standard 3-day dosing of aprepitant and single-dose fosaprepitant have
been demonstrated to be well tolerated after ondansetron and dexamethasone in
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patients receiving cisplatin [55]. The tolerability profiles of the two regimens were
similar, except for a higher incidence of infusion-site adverse events and signifi-
cantly more thrombophlebitis with intravenous fosaprepitant. Higher incidence of
infusion-site adverse events was observed in a retrospective review of 98 patients
treated with fosaprepitant [56].

Aprepitant is metabolized extensively by liver enzymes, primarily CYP3A4.
CYP3A4 inhibitors can increase aprepitant exposure, and CYP3A4 inducers can
reduce aprepitant exposure [57]. Aprepitant is also both an inducer and a moderate
inhibitor of CYP3A4 [58]. Consequently, the potential for drug-drug interactions
exists when aprepitant is coadministered with other drugs that are metabolized by
CYP enzymes, including chemotherapeutic agents [59]. Results from several clini-
cal efficacy trials and pharmacokinetic studies showed that most drug-drug interac-
tions with aprepitant had little or no clinical consequence and that no differences in
severe adverse events were noted between treatment arms with or without aprepitant
[52, 59]. Aprepitant had minimal effect on the area under the curve (AUC) of several
chemotherapeutic agents tested, including cyclophosphamide, docetaxel, and
vinorelbine [59]. Coadministration of aprepitant causes a significant increase in the
AUC of some corticosteroids, including a 2.2-fold increase in dexamethasone and a
2.5-fold increase in oral methylprednisolone, necessitating up to 50% dose reduc-
tion of these drugs [59]. Aprepitant causes reduced AUC of oral contraceptives, and
this has prompted the recommendation of a secondary barrier contraceptive for
patients receiving aprepitant [59]. Ifosfamide and aprepitant are both substrates of
CYP3A4, and theoretical questions have been raised as to whether aprepitant could
be potentially involved in rare cases of ifosfamide encephalopathy, but no clinical
data exist demonstrating an association [8, 57, 59].

Recently, the success of the use of NK-1 receptor antagonists with 5-HT}; recep-
tor antagonists and dexamethasone in preventing emesis in patients receiving single
day highly emetogenic chemotherapy [3, 6] prompted the use of the NK-1 receptor
antagonist aprepitant combined with a 5-HT; receptor antagonist and dexametha-
sone in patients receiving multi-day, high dose chemotherapy prior to SCT. A num-
ber of Phase III studies have been reported with the use of the NK-1 aprepitant
added to a 5-HT3 receptor antagonists and dexamethasone [60—63] in patients
receiving multi-day, high dose chemotherapy prior to autologous or allogeneic stem
cell transplant (SCT). In a randomized, placebo-controlled, phase III clinical trial,
Stiff et al. [62] randomized 179 patients receiving multi-day, high dose chemother-
apy prior to SCT for autologous and allogeneic transplants to aprepitant or placebo
in combination with ondansetron and dexamethasone prior to chemotherapy. There
was a significant improvement in emesis with the use of aprepitant, but no differ-
ence in the use of rescue medications or nausea. No adverse events were noted with
the use of aprepitant.

Schmitt et al. [60] randomized 362 patients receiving 2 days of high dose mel-
phalan chemotherapy prior to SCT for autologous transplants to aprepitant or pla-
cebo in combination with granisetron and dexamethasone prior to chemotherapy
and post chemotherapy. There was a significant improvement in complete response
with the use of aprepitant, but no difference in the use of rescue medications or
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nausea. No adverse events were noted with the use of aprepitant. Svanberg and
Birgegard [63] randomized 96 patients receiving multi-day, high dose chemother-
apy prior to SCT for autologous transplants to aprepitant or placebo in combination
with tropisetron and a corticosteroid prior to chemotherapy and post chemotherapy.
There was a significant improvement in emesis with the use of aprepitant, but no
difference in the use of rescue medications or nausea. No adverse events were noted
with the use of aprepitant.

Pielichowski et al. [61] used aprepitant, palonosetron, and dexamethasone to pre-
vent nausea and vomiting following BEAM chemotherapy before autologous hema-
topoietic stem cell transplantation for patients with non-Hodgkin’s or Hodgkin’s
lymphoma. Emesis was improved in the acute and delayed phases post chemother-
apy compared to historical controls who received ondansetron or palonosetron plus
dexamethasone alone.

One retrospective study and two prospective (phase II, III) studies, each with a
small number of patients (25—40 patients) also demonstrated improvement in eme-
sis with the addition of aprepitant to a 5-HTj; receptor antagonist with or without a
corticosteroid in patients receiving autologous or allogeneic stem cell transplant
[64-66].

As a result of the studies cited above, the 2017 ASCO and the 2017 MASCC/
ESMO antiemetic guidelines have recommended the use of a NK-1 receptor antago-
nist, a 5-HT3 receptor antagonist, and dexamethasone as the preferred prophylaxis
for patients receiving high-dose, multi-day chemotherapy prior to autologous or
allogeneic stem cell transplantation [20, 67]. The studies discussed above have
demonstrated that the addition of aprepitant to a 5-HT; receptor antagonist and
dexamethasone result in improved control of emesis post chemotherapy, but not
nausea. The control of nausea remains a significant patient problem, not only in
multi-day, high-dose chemotherapy, but also in single day highly emetogenic che-
motherapy. Neither 5-HT; receptor antagonists, nor aprepitant appear to be effective
anti-nausea agents in the post chemotherapy period [3, 6, 16, 17].

46.2.7.3 Cinvanti

Cinvanti is a substance P/neurokinin-1 (NK-1) receptor antagonist, approved by the
FDA on November 9, 2017, indicated in adults, in combination with other anti-
emetic agents, for the prevention of acute and delayed nausea and vomiting associ-
ated with initial and repeat courses of HEC including high-dose cisplatin and nausea
and vomiting associated with initial and repeat courses of MEC.

Cinvanti is a polysorbate 80-free, intravenous formulation of the NK, receptor
antagonist fosaprepitant indicated for the prevention of acute and delayed
CINV. Cinvanti does not contain polysorbate 80 or any other synthetic surfactant.
Pharmaceutical formulations containing polysorbate 80 have been linked to hyper-
sensitivity reactions, including anaphylaxis and irritation of blood vessels resulting
in infusion-site pain [68]. Cinvanti was approved based on data demonstrating the
bioequivalence of Cinvanti to fosaprepitant supporting its efficacy for the preven-
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tion of acute and delayed CINV following HEC and MEC. Results from two pivotal
randomized, crossover bioequivalence studies of Cinvanti and fosaprepitant IV
showed subjects receiving Cinvanti reported fewer adverse events than those receiv-
ing fosaprepitant, including substantially fewer infusion-site reactions [68].

46.2.7.4 Netupitant/NEPA

Netupitant is a NK-1 receptor antagonist approved by the FDA in 2014 for the pre-
vention of chemotherapy-induced nausea and vomiting. In vitro and in vivo pharma-
cologic characterization demonstrated that Netupitant inhibits substance P in NK-1
receptors but was inactive for NK-2 and NK-3 receptors. This was demonstrated
with intrathecal injections in mice, and intraperitoneally in both mice and gerbils. In
all assays, aprepitant exhibited similar effects [69].

Netupitant behaves as a brain penetrant, is orally active, and is a potent and selec-
tive NK-1 antagonist [69, 70]. Rossi et al. [69] and Spinelli et al. [70] reported that
positive emission tomography results demonstrate that netupitant is a potent agent
targeting NK-1 receptors. It appears to have a high degree of occupancy (90%) for
a long duration (96 h) when given as a single oral dose and appears to be well toler-
ated [69-71]. Netupitant has a high binding affinity, and a long half-life of 90 h
compared to a 9—13 h half-life of aprepitant [8, 9, 69-71]. It is metabolized by
CYP3A4 and is a moderate inhibitor of CYP3A4 [9, 69-71]. Due to netupitant’s
interaction with CYP3A4, it potentially could increase the concentration of
docetaxel when administered simultaneously. However, netupitant would be
expected to have similar interactions as aprepitant which has been shown not to
cause any clinically significant alterations in the pharmacokinetics of docetaxel or
of its toxicity (adverse events and neutropenia) compared with administration of
docetaxel alone in cancer patients [59].

NEPA is an oral fixed-dose combination of netupitant and palonosetron which
has been employed in phase II and phase III clinical trials for the prevention of
CINV in patients receiving the chemotherapy combination of an anthracycline and
cyclophosphamide and HEC [9, 72-74]. The clinical trials demonstrated that NEPA
(300 mg of netupitant plus 0.50 mg of palonosetron) plus dexamethasone signifi-
cantly improved the prevention of CINV compared to the use of palonosetron and
dexamethasone alone in patients receiving either HEC [72] or a combination of an
anthracycline and cyclophosphamide [73]. The significant improvement in the
delayed period (24—120 h) and the overall period (0—120 h) post chemotherapy was
maintained over multiple cycles of chemotherapy [74]. Adverse events (hiccups,
headache, constipation) were few in number (< 3.5%) and were mild to moderate in
severity [9, 72-74]. No cardiac adverse events were noted.

On October 10, 2014, oral NEPA (Akynzeo) was approved by the US FDA to
treat nausea and vomiting in patients undergoing cancer chemotherapy [75].
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46.2.7.5 Rolapitant

Rolapitant is a high affinity, highly-selective NK-1 receptor antagonist [76] It pen-
etrates the central nervous system following oral administration, and it has a high
affinity for the human NK-1 receptor and is highly selective over the human NK-2
and NK-3 receptor subtypes. It is a functionally competitive antagonist and reversed
NK-1 agonist-induced foot tapping in a gerbil animal model following both intrave-
nous and oral intravenous and oral administration [76]. Rolapitant reverses both
apomorphine and cisplatin-induced emesis in ferrets [76].

The pharmacokinetics of rolapitant demonstrates that it has a long half-life
(approximately 180 h) with high affinity (K; = 0-66 nM) for the NK-1 receptor [76,
77], and it does not induce or inhibit CYP3A4. Poma et al. [77] reported that rolapi-
tant and its major metabolite SCH720 881 do not affect the pharmacokinetics of
midazolam, a sensitive cytochrome P450 3A4 substrate. Rolapitant does not induce
CYP3A4, and single oral doses of rolapitant, co-administered with midazolam were
safe and well tolerated. Administration of rolapitant, unlike other NK-1 receptor
antagonists aprepitant and netupitant, does not require dose adjustment of concomi-
tantly administered drugs metabolized by CYP34A.

Rolapitant is a moderate CYP2D6 inhibitor suggesting that there could be poten-
tial interactions with metoprolol or venlafaxine.

A phase I clinical trial in 14 healthy volunteers demonstrated that a 180 mg
rolapitant dose provided >90% NK-1 receptor occupancy in the brain for up to
5 days following a single dose [10, 78]. A phase II randomized, double-blind,
active-controlled dose-finding study showed that a 180 mg dose of rolapitant plus
granisetron and dexamethasone was safe and effective in the prevention of CINV in
patients receiving HEC [10, 79]. Complete response was significantly improved
with rolapitant compared to placebo with all patients receiving ondansetron and
dexamethasone.

The 180 mg dose of rolapitant was used in three large phase III clinical trials
which demonstrated that rolapitant, granisetron, and dexamethasone significantly
improved complete response compared to granisetron and dexamethasone alone in
patients receiving MEC and HEC [10, 80, 81]. Approximately 80% of the patients
in the MEC study [80] received a combination of an anthracycline and cyclophos-
phamide chemotherapy or carboplatin chemotherapy. There were no serious adverse
events in the clinical trials, and there were no differences in the number of adverse
events in the rolapitant or control arms.

On September 2, 2015, the US FDA approved oral Rolapitant (Varubi) for the
prevention of nausea and vomiting associated with cancer chemotherapy. On
October 25, 2017, the FDA approved an intravenous form of rolapitant equivalent to
the oral form. Intravenous rolapitant is an emulsion, which is polysorbate 80 free.
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Table 46.12 Safety and tolerability of NK-1 receptor antagonists

No. of
Agent Chemotherapy | Patients Adverse Events References
Rolapitant HEC 1070 Dyspepsia, headache [81]
Constipation, hiccups (not different
from control)
MEC 1344 Constipation, fatigue, [80]
Headache, fatigue (not different from
control)
Netupitant HEC 694 Hiccups, headache (not different from | [72]
control)
MEC 1455 Headache, constipation (not different | [73]
from control)
Aprepitant | HEC 521 Asthenia, fatigue (not different from | [8]
control)
Fosaprepitant | HEC 98 Phlebitis [56]
None 200 Infusion site reactions [68]

46.2.8 Safety and Tolerability of Neurokinin-1 Receptor
Antagonists

A ten-year review of the safety and efficacy of aprepitant and fosaprepitant [8] dem-
onstrated that these agents are well tolerated, and there appear to be no major sys-
temic adverse events associated with their use. In comparison studies, aprepitant
treated patients have had patterns and incidences of adverse events similar to those
associated with standard control antiemetic therapy [8] (Table 46.12). Both standard
3-day dosing of aprepitant and single-dose fosaprepitant have been demonstrated to
be well tolerated after ondansetron and dexamethasone in patients receiving cispla-
tin [55]. The tolerability profiles of the two regimens appear similar, except for a
higher incidence of infusion-site adverse events and significantly more phlebitis
with intravenous fosaprepitant [56]. Higher incidence of infusion-site adverse
events was observed in a retrospective review of 98 patients treated with fosaprepi-
tant [56] and in randomized, cross-over bioequivalence studies of cinvanti and fosa-
prepitant in normal volunteers [68].

The recent studies on rolapitant and netupitant have also demonstrated a low
level of adverse events, not different from comparison control antiemetic therapy, in
patients receiving either MEC or HEC [72, 73, 80, 81] (Table 46.12). Headache,
constipation, hiccups, and fatigue appear to be the most commonly reported events.

dos Santos et al. [82] reported that in a retrospective review of sixteen studies of
the NK-1 receptor antagonists, the incidence of severe infection increased from 2%
to 6% in the NK-1 receptor antagonist group in three RCTs with a total of 1480
patients. The increased infection rate was not seen in the other thirteen studies and
was not reported in a ten-year review of aprepitant [8] or the recent phase III clinical
trials of netupitant [72, 73] or rolapitant [80, 81]. A recent meta-analysis by Zhang
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et al. [83] reported that NK-1 receptor antagonist-based triple regimens were effec-
tive in the prevention of chemotherapy-induced nausea and vomiting with few sig-
nificant toxicities.

46.2.8.1 Dexamethasone

Dexamethasone has been an effective antiemetic in controlling both acute and
delayed CINV when combined with 5-HT; receptor antagonists and NK-1 receptor
antagonists and it is essentially the main corticosteroid used as an antiemetic [19—
21]. Dexamethasone added to a 5-HTj; receptor antagonist improves the control of
acute CINYV, and it has been used as a single agent or in combination with NK-1
receptor antagonists in an attempt to control delayed CINV [19-21].

Concern has been expressed with the potential toxicity of the use of multiple-day
dexamethasone to control CINV [84]. Patients receiving dexamethasone as prophy-
laxis for CINV reported moderate to severe problems with insomnia, hyperglyce-
mia, indigestion, epigastric discomfort, agitation, increased appetite, weight gain
and acne [84]. Some studies have demonstrated that dexamethasone use might be
decreased from multiple days to 1 day in an antiemetic regime when used with other
agents which are effective in controlling CINV in both the acute and the delayed
periods [13, 21, 85, 86].

Celio et al. [85] used palonosetron in combination with a 1 day versus 3 days of
dexamethasone to prevent CINV in patients receiving MEC. There was no improve-
ment in complete response or no nausea over the 5-day overall period with the use
of 3 days of dexamethasone versus 1 day of dexamethasone. A similar study [86]
using palonosetron plus dexamethasone for 1 day versus 3 days for breast cancer
patients receiving an anthracycline and cyclophosphamide chemotherapy showed
similar results: no improvement in complete response or in no nausea over the 5-day
overall period with the use of 3 days versus 1 day of dexamethasone.

Navari et al. [13, 21] reported that 4 days of olanzapine with 1 day of a 5-HT;
receptor antagonist and 1 day of dexamethasone was effective in the prevention of
CINV in patients receiving HEC.

46.2.8.2 Olanzapine

Olanzapine is an atypical antipsychotic agent of the thiobenzodiazepine class and
was approved by the FDA for the treatment of the manifestations of psychotic dis-
orders in 1996 [87, 88] with a generic formulation becoming available in 2011. This
drug blocks multiple neurotransmitter receptors including dopaminergic (D,, D,,
D;, D, brain receptors), serotonergic (5-HT,,, 5-HT,., 5-HT3, 5-HT, receptors), cat-
echolaminergic (alpha,; adrenergic receptors), acetylcholinergic (muscarinic recep-
tors), and histaminergic (H; receptors) [89]. Olanzapine has five times the affinity
for 5-HT, receptors than for D, receptors [90]. The effect of olanzapine on the
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serotonin-mediated 5-HT,c receptor as well as other dopamine and serotonin recep-
tors may explain, in part, its efficacy in alleviating nausea and vomiting.

A benefit of olanzapine is that it is not a cytochrome P450 inhibitor and thus
appears to have fewer drug interactions than many other drugs [89, 90]. Common
side effects are sedation and weight gain [91]. The sedation is short term and may
be dose dependent [92] The weight gain can occur after higher doses given over a
period of months and can lead to diabetes mellitus when given for a period of greater
than 6 months [93].

Phase III clinical trials have demonstrated the effectiveness of olanzapine in the
prevention of CINV [12-15, 94]. Olanzapine improved the control of nausea and
emesis when added to azasetron and dexamethasone compared to azasetron and
dexamethasone alone in patients receiving MEC and HEC [12]. Olanzapine, palo-
nosetron, and dexamethasone improved the control of nausea compared to aprepi-
tant, palonosetron, and dexamethasone in patients receiving HEC [13]. This
antiemetic regimen has been recommended by the NCCN guidelines as an option
for the prevention of CINV in patients receiving HEC [21].

The National Cancer Institute recently approved a multi-institutional phase III
clinical trial (Alliance A221301) for the prevention of CINV in patients receiving
highly emetogenic chemotherapy using olanzapine plus standard antiemetics com-
pared to placebo plus standard antiemetics [14]. The trial was based on substantial
evidence that this drug is helpful for preventing chemotherapy-induced nausea and
vomiting [11-13] and for treating nausea/vomiting that had occurred as a result of
chemotherapy [47].This randomized, double blind, phase III trial was performed in
chemotherapy naive patients receiving cisplatin, >70 mg/m?, or cyclophosphamide-
anthracycline-based chemotherapy, comparing olanzapine (OLN) to placebo (PLA)
in combination with aprepitant (APR), a 5-HT; receptor antagonist (5-HT3), and
dexamethasone (DEX). The OLN regimen was 10 mg of oral OLN, 125 mg oral
APR, a 5-HTj;, and oral DEX 12 mg pre-chemotherapy, day 1, and 10 mg/day of oral
OLN on days 2—4 post-chemotherapy, 80 mg oral APR, days 2, 3 post chemother-
apy, and 8 mg oral DEX, days 2—4 post chemotherapy. The PLA regimen was oral
placebo, day 1, and oral placebo on days 2—4 post chemotherapy, with the APR,
5-HTj; and DEX pre and post-chemotherapy being the same as in the OLN regimen.
Fosaprepitant (150 mg IV), day 1 could be substituted for the oral aprepitant.
Palonosetron, ondansetron, or granisetron were the permitted 5-HT; options. Nausea
was measured on a 0—10 visual analogue scale, with 0 being no nausea at all and 10
being nausea as bad as it can be.

Four hundred one patients were enrolled with 380 patients evaluable (192
patients receiving the OLN regimen and 188 patients receiving the PLA regimen).
The proportion of patients with no nausea was significantly improved for the OLN
regimen compared to the PLA regimen for the acute period (24 h post-chemotherapy)
(74% vs. 45%, p = 0.002), for the delayed period (25—120 h post-chemotherapy)
(42% vs. 25%, p = 0.002), and for the overall period (0-120 h) (37% vs. 22%,
p =0.002). Complete response (CR) (no emesis, no rescue medications) was signifi-
cantly improved in OLN compared to PLA patients for the acute (86% vs. 65%,
p <0.001), the delayed (67% vs. 52%, p = 0.007), and the overall periods (64% vs.
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41%, p < 0.001). There were no Grade 3 or 4 toxicities. No nausea, the primary
endpoint, and complete response, a secondary endpoint, were significantly improved
with OLN compared to PLA [14]. Based on the results of this study [14], the NCCN,
ASCO, and MASCC/ESMO amtiemetic guidelines have recommended the use of
olanzapine, a 5-HT3 receptor antagonist, a NK-1 receptor antagonist, and
dexamethasone as the preferred prophylaxis for the prevention of CINV in patients
receiving HEC [19-21].

A recent study has compared olanzapine to metoclopramide for the treatment of
breakthrough emesis and nausea in patients receiving HEC and guideline-directed
antiemetic prophylaxis. Olanzapine was significantly better than metoclopramide
for the treatment of breakthrough emesis and nausea. This was the first phase I1I
study on the treatment of breakthrough emesis and nausea [47]. Based on this study
[47], olanzapine has been recommended for use for the treatment of breakthrough
chemotherapy-induced nausea and vomiting by both the NCCN antiemetic guide-
lines [21] and ASCO antiemetic guidelines [20].

46.2.8.3 Gabapentin

Gabapentin is a gamma aminobutyric acid (GABA) analogue that has been used for
the treatment of seizures, chronic neuropathic pain, CINV, and post-herpetic neural-
gia[95,96]. The mechanism of action exerted by gabapentin is unknown. Gabapentin
is structurally related to the neurotransmitter GABA, but it does not interact with
GABA receptors, is not converted metabolically into GABA or a GABA agonist,
and is not an inhibitor of GABA uptake or degradation [96].

Guttuso et al. [97]. reported an improvement in CINV in six of nine breast cancer
patients when gabapentin was used to prevent nausea. Cruz et al. [98] added gaba-
pentin to ondansetron, dexamethasone and ranitidine to prevent CINV in patients
receiving HEC. The complete response was significantly improved in the patients
receiving gabapentin but nausea was not significantly improved (no nausea, overall:
62% vs. 45%).

A phase III double-blind, placebo-controlled study of gabapentin for the preven-
tion of chemotherapy-induced nausea and vomiting in patients receiving highly
emetogenic chemotherapy has been reported. All patients received a 5-HT}; receptor
antagonist and dexamethasone prior to chemotherapy and dexamethasone post che-
motherapy. Patients were randomized to 5 days of gabapentin or placebo starting
with the day of chemotherapy. In this study, gabapentin did not significantly improve
delayed CINV [99].

46.2.8.4 Cannabinoids

Studies in animal models have suggested that delta-9-tetrahydrocannabinoid
(dronabinol) selectively acts on CB1 receptors in specific regions of the dorsal vagal
complex to inhibit emesis [100, 101]. A few reported studies have explored this
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mechanism in patients [102, 103]. Meiri et al. [102] looked at the efficacy of
dronabinol versus ondansetron in patients receiving chemotherapy for a wide vari-
ety of neoplasms. Dronabinol and ondansetron were similarly effective antiemetic
treatments in 61 patients receiving MEC and HEC.

Nabilone is a synthetic cannabinoid, a racemic mixture of isomers, that mimics
the main ingredient of cannabis (dronabinol). A recent review of the published
English literature on the use of oral nabilone in the treatment of CINV concluded
that cannabinoids do not add to benefits of the 5-HT; receptor antagonists [103].

At this time, there is insufficient data to support the routine use of dronabinol or
nabilone [103-105] as preventative antiemetics in all chemotherapeutic regimens.
Limited data suggest that dronabinol may be effective for some patients in the
breakthrough CINV setting [20, 104, 105]. Further study of the scope of cannabi-
noid’s potential efficacy is warranted.

46.2.8.5 Ginger

Ginger is an herbal supplement that has been used for reducing the severity of
motion sickness, pregnancy-induced nausea and post-operative nausea and vomit-
ing [106]. The mechanism of action by which ginger might exert antiemetic effects
is unclear. Animal studies have described enhanced GI transport, anti-5-
hydroxytryptamine activity and possible central nervous system antiemetic effects.
Human experiments to determine the mechanism of action show varying results
regarding gastric motility and corpus motor response [106].

Pillai et al. [106] added ginger to ondansetron and dexamethasone in children
and young adults receiving HEC and reported a reduction in the severity of acute
and delayed CINV, but all patients had some nausea in days 1-4 post-chemotherapy.
Zick et al. [107] reported that ginger provided no additional benefit for reduction of
the prevalence or severity of acute or delayed CINV when given with 5-HTj; recep-
tor antagonists and/or aprepitant in 162 cancer patients receiving chemotherapy.
Ryan et al. [108] gave ginger before and after chemotherapy administration to 644
patients receiving a wide variety of chemotherapy regimens and found a reduction
in nausea during the first day of chemotherapy.

At present, the available studies do not support ginger as an agent to recommend
for the prevention of CINV. There are ongoing studies to determine if there is a role
for ginger in the prevention of chemotherapy-induced nausea and vomiting [109].
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46.3 Clinical Management of CINV

46.3.1 Principles in the Management of CINV

International antiemetic guidelines [19-21] form the basis for the recommendations
for the management of CINV. As new information and new studies emerge, these
guidelines will evolve to provide the highest quality evidence-based clinical
practice.

46.3.1.1 Single-Day Chemotherapy (Table 46.13)

For patients receiving HEC, current evidence suggests the following [19-21].

e Pre-chemotherapy—olanzapine with any of the 5-HTj; receptor antagonists, plus
an NK-1 receptor antagonist plus dexamethasone The guidelines suggest that the

Table 46.13 Internatinal Antiemetic Guidelines for Chemotherapy Induced Nausea and Vomiting

Guidelines for high emetic risk

I Acute CINV Delayed CINV (D 2-4)

5-HT; RA + Dex + NK-1 RA2 Dex + Aprepitant

Netupitant/Palonosetron

(300 mg/0.5 mg) Dex
NCCN + Dex
Olanzapine + Palonosetron + Dex Olanzapine
5-HT; RA + Aprepitant Olanzapine + Dex
+ Dex + Olanzapine + Aprepitant

Olanzapine + 5-HT; RA + Dex + NK-1

ASCO RA

Olanzapine + Dex * Aprepitant

Olanzaoine + 5-HT; RA + Dex + NK-1

MASCC RA

Dex £ Aprepitant

Examples include cisplatin in combination with cyclophosphamide for the treatment of metastatic
ovarian cancer and the combination of doxorubicin and cyclophosphamide for the treatment of
metastatic breast cancer

Recommendations for HEC are similar across guidelines (NCCN 2017; Basch et al. 2011;

Roila et al. 2016)

(continued)



Table 46.13 (continued)
Guidelines for moderate emetic risk

e Acute CINV Delayed CINV (D 2-3)

5-HT; RA
(Palonosetron or granisetron SQ
preferred) Dex + Aprepitant
+ Dex (category 1)
+ NK-1 RA
NCCN
Netupitant/Palonosetron
(300 mg/0.5 mg) Dex
+ Dex

Olanzapine + Palonosetron + Dex Olanzapine

5-HT, RA
ASCO (palonosetron preferred) Dex
+ Dex

MASCC Palonosetron + Dex Dex

Examples include irinotecan in combination with 5-fluorouracil/leucovorin for the treatment of
metastatic colorectal cancer and oxaliplatin in combination with 5-fluorouracil/leucovorin for the
treatment of advanced colorectal cancer

For acute CINV, the base recommendation is 2-drug regimens

Final treatment decisions are based on patient factors and physician’s choice

For delayed CINV, there is slightly more variation (NCCN 2017; Basch et al. 2011;

Roila et al. 2016)

Guidelines for low and minimal emetic risk

_ Low emetic risk Minimal emetic risk

5-HT; RA
OR
Dex
NCCN OR No routine prophylaxis
Metoclopramide
OR
Prochlorperazine

ASCO Dex No routine prophylaxis

5-HT, RA
OR
MASCC Dex No routine prophylaxis
OR
Dopamine RA

Examples include docetaxel for the treatment of non-small cell lung cancer after platinum therapy
failure and gemcitabine for the treatment of pancreatic cancer

Dex dexamethasone, SQ subcutaneous
*Aprepitant or fosaprepitant
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combination of cyclophosphamide and doxorubicin should be considered as
HEC and the appropriate preventative agents should be used.

* Post-chemotherapy—olanzapine with or without dexamethasone or dexametha-
sone alone.

For patients receiving MEC, current evidence suggests the following [19-21].

e Pre-chemotherapy—the 5-HT; receptor antagonist palonosetron plus dexameth-
asone. If palonosetron is not available, ondansetron or granisetron may be
employed.

* Post-chemotherapy—dexamethasone on days 2—4.

Antiemetic guidelines of the past have included the available oral first-generation
5-HTj; receptor antagonists as optional therapy for the prevention of delayed emesis,
but the level of evidence supporting this practice is low [34, 110]. The first-
generation 5-HT; receptor antagonists are no longer recommended for use post-
chemotherapy [19-21].

For patients receiving low emetogenic chemotherapy, a single agent in the form
of a 5-HTj; receptor antagonist, dexamethasone, or a phenothiazine, depending on
the clinical situation, should be used pre-chemotherapy, and an antiemetic follow-
ing chemotherapy should be given only as needed.

46.3.1.2 Treatment of Breakthrough CINV

Phenothiazine, metoclopramide, dexamethasone or olanzapine may be effective in
the treatment of breakthrough nausea and vomiting [21]. A 5-HTj; receptor antago-
nist may also be effective unless a patient presents with nausea and vomiting that
developed following the use of a 5-HTj; receptor antagonist as prophylaxis for che-
motherapy or radiotherapy-induced emesis. It is very unlikely that breakthrough
nausea and vomiting will respond to an agent in the same drug class after unsuccess-
ful prophylaxis with an agent with the same mechanism of action.

Patients who develop nausea or vomiting post-chemotherapy (days 1-5) despite
adequate prophylaxis should be considered for treatment with a regimen of 3 days
of oral or sublingual olanzapine or oral metoclopramide. A recently completed
phase III study demonstrated that oral olanzapine (10 mg/day for 3 days) was sig-
nificantly better than oral metoclopramide (10 mg three times daily for 3 days) in
controlling both emesis and nausea in patients receiving HEC who developed break-
through CINV despite guideline-directed prophylactic antiemetics [20, 47].

It is important to note that aprepitant has been approved as an additive agent to a
5-HTj; receptor antagonist and dexamethasone for the prevention of CINV. It has not
been studied and should not be used to treat breakthrough nausea and vomiting.
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46.3.1.3 Refractory CINV

Patients who develop CINV during subsequent cycles of chemotherapy when anti-
emetic prophylaxis has not been successful in controlling CINV in earlier cycles
should be considered for a change in the prophylactic antiemetic regimen. If anxiety
is considered to be a major patient factor in the CINV, a benzodiazepine such as
lorazepam or aprazolam can be added to the prophylactic regimen. If the patient is
receiving HEC, olanzapine (days 1-4) may be added to a prophylactic regimen of a
5-HTj; receptor antagonist, a NK-1 receptor antagonist, and dexamethasone [14,
19-21] or substituted for a NK-1 receptor antagonist in combination with a 5-HT;
receptor antagonists and dexamethasone [13, 21]. If the patient is receiving MEC,
an NK-1 receptor antagonist may be added to a palonosetron and dexamethasone
antiemetic regimen [21].

46.3.1.4 Anticipatory CINV

In order to prevent the occurrence of anticipatory CINYV, patients should be coun-
seled prior to the initial course of treatment concerning their ‘expectations’ of
CINV. Patients should be informed that very effective prophylactic antiemetic regi-
mens will be used and that 70-75% of patients will have a complete response (no
emesis, no use of rescue medications). Patients risk factors for CINV should be
carefully evaluated, and the most effective prophylactic antiemetic regimen for the
patient’s specific type of chemotherapy should be used prior to the first course of
chemotherapy in order to obtain the optimum control of CINV during the first
course of chemotherapy. If CINV is effectively controlled during the first chemo-
therapy cycle, it is likely that the patient will have effective control during subse-
quent cycles of the same chemotherapy. If the patient has a poor experience with
CINV in the first cycle, it may be more difficult to control CINV in subsequent
chemotherapy cycles, and refractory and/or anticipatory CINV may occur. The use
of anti-anxiety medications such as lorazepam or another benzodiazepine may be
considered for excess anxiety prior to the first course of chemotherapy in order to
obtain an optimum outcome and prevent anticipatory CINV. If anticipatory CINV
occurs despite the use of prophylactic antiemetics, behavioural therapy might be
considered [111, 112].

46.3.1.5 Multi-Day Chemotherapy and High-Dose Chemotherapy
with Stem Cell or Bone Marrow Transplantation

The success of the use of NK-1 receptor antagonists with 5-HTj; receptor antagonists
and dexamethasone in preventing emesis in patients receiving single day highly
emetogenic chemotherapy [3, 6] prompted the use of the NK-1 receptor antagonist
aprepitant combined with a 5-HT; receptor antagonist and dexamethasone in patients
receiving multi-day, high dose chemotherapy prior to SCT. A number of Phase II
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and IIT studies have been reported with the use of the NK-1 aprepitant added to a
5-HT; receptor antagonists and dexamethasone [60—66] in patients receiving multi-
day, high dose chemotherapy prior to autologous or allogeneic stem cell transplant
(SCT). As a result of these studies, the 2017 ASCO and the 2017 MASCC/ESMO
antiemetic guidelines have recommended the use of a NK-1 receptor antagonist, a
5-HT; receptor antagonist, and dexamethasone as the preferred prophylaxis for
patients receiving high-dose, multi-day chemotherapy prior to autologous or alloge-
neic stem cell transplantation [20, 67]. The recent studies [60—-66] have demonstrated
that the addition of aprepitant to a 5-HT; receptor antagonist and dexamethasone
resulted in improved control of emesis post chemotherapy, but not nausea. The con-
trol of nausea remains a significant patient problem, not only in multi-day, high-dose
chemotherapy, but also in single day highly emetogenic chemotherapy. Neither
5-HT; receptor antagonists, nor the NK-1 receptor antagonists appear to be effective
anti-nausea agents in the post chemotherapy period [3, 6, 14, 16].

46.4 Prevention and Treatment of Nausea

The current data in the literature from multiple large studies suggest that the first or
second-generation 5-HT; receptor antagonists and the NK-1 receptor antagonists
have not been effective in the control of nausea in patients receiving either MEC or
HEC, despite the marked improvement in the control of emesis with these agents
[16-18]. It appears that neither the serotonin nor the substance P receptors may be
important in mediating nausea. Phase III studies with olanzapine have demonstrated
very good control of both emesis and nausea in patients receiving either MEC or
HEC [12-14]. Preliminary small studies with gabapentin, cannabinoids and ginger
are inconclusive in defining their role, if any, in the prevention of nausea. At this
time, olanzapine appears to have high potential for the prevention of both emesis
and nausea in patients receiving MEC or HEC [12-14]. If patients are having diffi-
culty with significant nausea, consideration should be given to including olanzapine
in their prophylactic antiemetic regimen [12—14]. Olanzapine may also be effica-
cious in the treatment of breakthrough nausea [47].

46.5 Conclusions and Future Directions

The introduction of the 5-HTj; receptor antagonists combined with the use of dexa-
methasone significantly improved the prevention of acute emesis in patients receiv-
ing MEC or HEC. The 5-HT; receptor antagonists have been safe and well tolerated
with a minority of patients experiencing a mild headache, mild diarrhea, or mild
constipation. There have been concerns with the potential of the prolongation of the
QT interval with the use of the 5-HT; receptor antagonists. These concerns have
resulted in the FDA recommendations of discontinuing the use of dolasetron for the
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prevention of CINV and a restriction of the higher intravenous doses of ondanse-
tron. Granisetron and palonosetron appear to have much less potential for prolonga-
tion of the QT interval with no restrictions by the FDA on their use. The prevention
of chemotherapy-induced nausea and emesis in the delayed period have not been
effective with the use of the first generation 5-HTj; receptor antagonists, and they are
no longer recommended for use as prophylaxis in the delayed period The second
generation 5-HT; receptor antagonist palonosetron may be more effective in the
prevention of nausea and emesis in the delayed period.

Dexamethasone has improved the control of CINV in the acute and delayed peri-
ods when used in combination with other antiemetics. Patients have experienced
insomnia and varying degrees of gastric irritability with the use of dexamethasone.
Some studies have demonstrated effective prevention of CINV in patients receiving
MEC or the combination of an anthracycline and cyclophosphamide chemotherapy
with the use of palonosetron plus 1 day versus 3 days of dexamethasone. In addi-
tion, studies have demonstrated that olanzapine, palonosetron, and 1 day of dexa-
methasone may be effective in the prevention of CINV in patients receiving HEC.

The use of the NK-1 receptor antagonists in combination the 5-HT; receptor
antagonists and dexamethasone has significantly improved the control of emesis in
the acute and delayed phase in patients receiving HEC. Aprepitant, fosaprepitant,
netupitant, and rolapitant have been shown to be safe and effective in phase III clini-
cal trials with few adverse events. Aprepitant, fosaprepitant, and netupitant are
metabolized by the liver enzyme CYP3A4 and are moderate inhibitors of CYP3A4,
potentially resulting in drug interactions. There have been few, if any, clinical
adverse events attributable to CYP3A interactions with these NK-1 receptor antago-
nists. Rolapitant does not induce CYP3A4.

Olanzapine, a US FDA approved antipsychotic, has been shown to be safe and
effective in preventing both nausea and emesis in patients receiving MEC or
HEC. With the exception of mild sedation, which appears to be well tolerated, there
have been no reported adverse events associated with the use of olanzapine on the
day of chemotherapy or days 2—4 post chemotherapy. Olanzapine also appears to be
an effective agent in the treatment of breakthrough emesis and nausea.

Recent phase III studies have demonstrated that the addition of aprepitant to a
5-HT; receptor antagonist and dexamethasone has improved the control on emesis
in patients received high dose, multi-day chemotherapy prior to stem cell transplant.
The recent updated antiemetic guidelines have recommended the use of this three
drug regimen for high dose, multi-day chemotherapy.

Oncology practitioners currently have very effective antiemetic agents for the
prevention of CINV in patients receiving MEC or HEC. The choice of individual
agents and the combination of agents should be dictated by the emetogenicity of the
chemotherapy that is to be administered and patient risk factors. Antiemetic choices
should be guided by the international antiemetic guidelines. The available agents for
the prevention of CINV appear to be safe and effective with few reported adverse
events.

The first generation 5-HT; receptor antagonists ondansetron and granisetron
have similar efficacy and compete only on an economic basis. Both are available as
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generics. The second generation 5-HTj; receptor antagonist palonosetron is the rec-
ommended 5-HT; receptor antagonist by some of the international guidelines; it is
not yet available in generic form. When used in the recommended doses, these
agents should be safe with few adverse events.

Dexamethasone should be used in conjunction with the 5-HT; receptor antago-
nists, and consideration should be given to using it on the day of chemotherapy only
in conjunction with other effective antiemetics to minimize any adverse events.

At present, there is only one definitive published clinical trial reporting a direct
comparison of the efficacy and safety of the various NK-1 receptor antagonists
(aprepitant, fosaprepitant, cinvanti, netupitant, rolapitant). Zhang et al. reported a
phase III randomized, double-blind clinical trial in patients receiving cisplatin-
based chemotherapy [113] in which 828 patients were randomized to receive NEPA
plus dexamethasone or aprepitant, granisetron and dexamethasone. The primary
endpoint of complete response (no emesis, no rescue) demonstrated that there was
no difference in the two regimens, both of which were well tolerated.

There are some pharmacokinetic differences between rolapitant and the other
commercially available, oral NK-1 receptor antagonists. Rolapitant has a longer
half-life (180 h) than aprepitant (9—13 h) and netupitant (90 h) which may be impor-
tant in multiple-day chemotherapy clinical settings. Future studies may determine if
this may be an important clinical issue.

Rolapitant does not induce or inhibit CYP3A4, unlike the other NK-1 receptor
antagonists, aprepitant and netupitant. Among the class of NK-1 receptor antago-
nists, this unique feature corresponds to a reduced propensity of drug interactions
that may decrease the need for dose modifications of other drugs metabolized by
CYP3A4 when administered concomitantly with rolapitant. A rolapitant antiemetic
regimen may simplify medical management of some oncology patients, who may
be receiving multiple medications.

Based on the available clinical trial data, the NK-1 receptor antagonists have
significantly improved the prevention of acute and delayed emesis in patients receiv-
ing HEC and have few adverse events. There is little evidence, however, that these
agents are effective in controlling nausea. Although there appear to be other NK-1
receptor antagonists in development, there does not appear to be any which are
pending regulatory approval in the near future.

Olanzapine appears to an effective agent in the control of emesis and nausea
when combined with other antiemetic agents. At present, olanzapine appears to be
the only current effective agent for the control of nausea. Nausea appears to be an
important and prevalent clinical issue, despite the control of emesis with the 5-HT;
receptor antagonists, dexamethasone, and the NK-1 receptor antagonists. When
used for a period of 4 days (pre- and post- chemotherapy), olanzapine is associated
with only mild sedation.

The current antiemetics that are recommended by the various international anti-
emetic guidelines are safe and effective in the prevention of chemotherapy-induced
nausea and vomiting when used in the recommended doses. These guidelines should
be followed by practitioners in order to provide the highest possible quality of care
for patients receiving chemotherapy.
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Clinical Cases
Case Study 1:

e Patient is a 65-year-old man, former 2 pack/d smoker who quit 1 year ago. He
sees his primary care physician for a cough that has lasted 4 weeks

e Chest X-ray reveals a poorly differentiated mass confined to the upper right lobe,
and a CT/PET scan shows a tumor measuring 4.5 x 2.0 cm and possible intrapul-
monary lymph node involvement, with no evidence of distant metastasis

e Surgical resection with mediastinal lymph node dissection is performed.
Pathology reveals stage II adenocarcinoma

e After discussion of adjuvant chemotherapy options with the treatment team, a
regimen of paclitaxel and carboplatin is selected. Although a cisplatin regimen
would be first choice for most patients at this stage, it is contraindicated in this
patient because he has moderate bilateral hearing impairment

e Adjuvant therapy regimen:

Paclitaxel 200 mg/m? IV over 3 h
Carboplatin AUC 6 mg/mL/min IV over 45-60 min
Repeat every 21 days for 4 cycles

Which CINV prophylactic regimen would you recommend?

Palonosetron/dexamethasone
Netupitant/palonosetron/dexamethasone
Prochlorperazine

Metoclopramide

NK-1 RA + 5-HT; + Dex + Olanzapine

Is this chemotherapy regimen moderately or highly emetogenic chemotherapy?
Case Study 2:

e 48-year-old mother of 3 diagnosed with invasive ductal carcinoma, HER2—/ER-/
PR- tumor

e Underwent a lumpectomy and axillary dissection

» Histopathology revealed 3-cm primary tumor and involvement in 3 of 18 lymph
nodes

e Agrees to a “dose-dense’” doxorubicin/cyclophosphamide followed by paclitaxel
and radiation therapy

* Risk factors for emesis include hyperemesis of pregnancy, low alcohol intake

* Receives ondansetron/aprepitant/dexamethasone for prophylaxis and dexameth-
asone for Days 2 and 3

e Develops nausea and vomiting (Breakthrough CINV) on Day 4 after
chemotherapy

How would you treat the Breakthrough CINV?
IV fluids
Dexamethasone
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Olanzapine

All of the above

How would you modify the patient’s antiemetic regimen for the next chemo-
therapy cycle?

Add dolasetron

Add olanzapine

Add fosaprepitant

None of the above

Case Study 3:

e 55-year-old woman with advanced colorectal cancer

* Social history: Former smoker, nondrinker

* Medical history: Currently receiving treatment for hypertension, dyslipidemia,
and insomnia

e Chemotherapy regimen: FOLFOX + bevacizumab IV every 14 days

e Scheduled for second cycle of chemotherapy, but experienced nausea/vomiting
several days after initiation of first cycle

* Antiemetic prophylaxis with ondansetron and dexamethasone

What is the best option to improve the patient’s control of CINV in cycle 2 of
FOLFOX?

Switch ondansetron to granisetron

Increase prochlorperazine dosing in the delayed phase

Add fosaprepitant to the prophylactic regimen

Administer olanzapine as a rescue medicine

Both cand d
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