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    Chapter 1   
 Introduction                     

       Rudolph     M.     Navari     

        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 ,  2 ]. Increased risk of CINV is associated with the type of chemo-
therapy administered (Table  1.1 ) and specifi c patient characteristics (Table  1.2 ) [ 3 ]. 
CINV can result in serious complications, such as weakness, weight loss, electrolyte 
imbalance, dehydration, or anorexia, and is associated with a variety of complica-
tions, including fractures, esophageal tears, decline in behavioral and mental status, 
and wound dehiscence [ 1 ]. Patients who are dehydrated, debilitated, or malnour-
ished, 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 use of 5-hydroxytryptamine-3 (5-HT 3 ) receptor antagonists plus dexametha-
sone has improved the control of CINV [ 4 ]. Recent studies have demonstrated some 
improvement in the control of CINV with the use of a number of new agents: palo-
nosetron, a second-generation 5-HT 3  receptor antagonist [ 4 ]; neurokinin (NK) 1  
receptor antagonists aprepitant [ 5 ,  6 ], netupitant [ 7 ], and rolapitant [ 8 ]; and olanzap-
ine, an antipsychotic that blocks multiple neurotransmitters in the central nervous 
system [ 9 – 11 ]. 

 The primary end point 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) 
periods [ 3 ]. Recent studies have shown that the combination of a 5-HT 3  receptor 
antagonist, dexamethasone, and an NK 1  receptor antagonist have improved the con-
trol of emesis in patients receiving either highly emetogenic chemotherapy (HEC) 

        R.  M.   Navari ,  MD, PhD, FACP      
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or  moderately emetogenic chemotherapy (MEC) over a 120-h period following 
chemotherapy administration [ 5 ,  6 ]. Many of these same studies have measured 
nausea as a secondary end point and have demonstrated that nausea has not been 
well controlled [ 12 ]. 

 Emesis is a well-defi ned event that is easily measured, but nausea may be more 
subjective and more diffi cult to measure. However, two well-defi ned measures of 
nausea that appear to be effective and reproducible measurement tools are the visual 
analogue scale (VAS) and the Likert scale [ 13 ]. 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 end point of “no signifi cant nausea” or 
“only mild nausea” [ 3 – 6 ]. Studies that have reported “no nausea” may be more use-
ful in identifying the most effective available anti-nausea agents [ 12 ]. 

 Despite the introduction of more effective antiemetic agents, emesis and nausea 
remain a signifi cant complication of chemotherapy. The purpose of this text 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 (ESMO) [ 14 ], the 
American Society of Clinical Oncology (ASCO) [ 15 ], and the National 
Comprehensive Cancer Network (NCCN) guidelines [ 16 ]. The literature cited in the 
text consists of the primary clinical trials used for the US FDA approval of the vari-
ous agents as well as recent comprehensive reviews.    

   Table 1.1    Emetic potential of chemotherapy agents   

 Emetogenic 
potential  Typical agents 

 Defi nition (no 
CINV prevention) 

 High  Cisplatin, dacarbazine, melphalan (high dose), nitrogen 
mustard, cyclophosphamide plus an anthracycline 

 Emesis in nearly 
all patients 

 Moderate  Anthracyclines, carboplatin, carmustine (high dose), 
cyclophosphamide, ifosfamide, irinotecan, methotrexate 
(high dose), oxaliplatin, topotecan 

 Emesis in >70 % 
of patients 

 Low  Etoposide, 5-fl uorouracil, gemcitabine, mitoxantrone, 
taxanes, vinblastine, vinorelbine 

 Emesis in 
10–70 % of 
patients 

 Minimal  Bortezomib, hormones, vinca alkaloids, bleomycin  Emesis in <10 % 
of patients 

   CINV  chemotherapy-induced nausea and vomiting  

   Table 1.2    Patient-related risk factors for emesis following chemotherapy   

 Major factors  Minor factors 

 Female, age <50 years, history of low prior chronic alcohol 
intake (<1 oz of alcohol/day), history of previous 
chemotherapy-induced emesis 

 History of motion sickness, 
emesis during past pregnancy 
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    Chapter 2   
 The Physiology and Pharmacology of Nausea 
and Vomiting Induced by Anticancer 
Chemotherapy in Humans                     

       Paul     L.  R.     Andrews       and     John     A.     Rudd   

2.1            Introduction 

 It is approximately 100 years since the fortuitous observation of lymphoid aplasia 
in soldiers exposed to the chemical warfare agent mustard gas led to the therapeutic 
use of nitrogen mustard in 1946 for Hodgkin’s lymphoma [ 17 ,  65 ]. However, nitro-
gen mustard also induced emesis revealing the unfortunate link between diverse 
treatments for cancer and their ability to induce emesis, a pattern which continued 
with the introduction of radiotherapy and other chemotherapeutic agents (cyclo-
phosphamide and 5-fl uorouracil) and which was brought into particular focus by the 
introduction of cisplatin in the 1970s [ 26 ]. The profound and protracted nausea and 
vomiting provoked by cisplatin acted as a stimulus to preclinical research to under-
stand the mechanism(s) and pathway(s) by which chemotherapeutic agents induced 
emesis and to identify more effective anti-emetic agents that were available at the 
time (e.g. belladonna-scopolamine family, metoclopramide, nabilone, prochlorper-
azine; see [ 5 ], 2014 for refs.). These studies led to the identifi cation of the anti- 
emetic effect of 5-hydroxytryptamine 3  (5-HT 3 ) receptor antagonists which was 
recognised in the “top fi ve” advances in oncology in the last 50 years (  http://www.
asco.org/advocacy/votes-are-top-5-advances-50-years-modern-oncology    ) further 
emphasising the signifi cance of this side effect for patients. Subsequently the 
involvement of substance P and neurokinin 1  (NK 1 ) receptors in emesis was identi-
fi ed (see [ 8 ] for review) giving rise to the anti-emetic combination of a 5-HT 3  and 
NK 1  receptor antagonist (e.g. NEPA (netupitant+palonosetron)), [ 72 ]. 

        P.  L.  R.   Andrews ,  DSc      (*) 
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 This chapter reviews the general and specifi c mechanisms underlying the induc-
tion of chemotherapy-induced nausea and vomiting (CINV).  

2.2     Why Should Anticancer Therapies Induce Nausea 
and Vomiting? An Evolutionary Perspective 

 Nausea and vomiting are considered to be part of the mechanisms by which the 
body defends itself against toxins accidentally ingested with the food. Some of 
these toxins are from plants (e.g. lycorine from daffodils; digoxin from foxglove; 
vinca alkaloids from periwinkle; morphine from the opium poppy) and paradoxi-
cally include chemicals used therapeutically, fungi (e.g. vomitoxin and other tricho-
thecenes) and algae (e.g. brevetoxin), whilst others are of bacterial (e.g. 
Staphylococcal enterotoxin), viral (e.g. norovirus, rotavirus) or animal (e.g. phy-
saelamin, tetrodotox) in origin. Broadly speaking, nausea acts as a warning so that 
further intake is reduced and gastric emptying is delayed to confi ne potentially con-
taminated food to the stomach from where it is expelled by vomiting [ 35 ]. Nausea 
also leads to a learned aversion causing avoidance of that food in the future. Even 
the evolution of motion sickness can be viewed within this “toxin detection model” 
[ 119 ,  123 ,  164 ]. Clearly in the natural world such responses to an ingested toxin 
have survival value, but in the context of the clinic when triggered by a disease treat-
ment, the same response is perceived as drug “side effects” or “adverse events”. In 
the case of ingested toxins, gastric acid and digestive enzymes may degrade some 
toxins, whilst the vomiting can void any toxin that is confi ned to the upper gut. 
However, in the case of intravenous anticancer chemotherapy, the “the toxin” (i.e. 
the drug) is in the circulation, and vomiting will have no effect upon the levels so 
the response is likely to be protracted until metabolism or excretion intervenes; this 
is analogous to the situation when vomiting follows a venomous bite where the 
toxin is also in the circulation. Additionally, learning to avoid a food associated with 
previous illness is important for survival, but aversion to, and subsequent avoidance 
of, a therapy leads to suboptimal treatment but such a learned aversion provides a 
model within which to understand (and potentially treat) anticipatory nausea and 
vomiting (see below). 

 Why should agents with a diverse range of chemical structures targeted at a 
wide range of different molecular targets in cancer cells trigger nausea and vomit-
ing as adverse events? The simple answer is that the anticancer agent via one or 
more of its chemical properties is able to activate one or more of the pathways 
(see below) which evolved to deal with natural toxins ingested with the food. It 
should be noted that some of the anticancer agents are derived from naturally 
occurring plant toxins. The non-cancerous cells in patients with cancer are known 
to be variably affected by anticancer drugs, and the “cells” involved in induction 
of emesis could be regarded as part of these off-target effects of chemotherapy 
agents. 

P.L.R. Andrews and J.A. Rudd
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 Whist we have drugs (anti-emetics) that can affect nausea and vomiting induced 
by chemotherapeutic agents to varying degrees, this means that we understand the 
pharmacology of the evolved emetic pathways, but it does not mean that we under-
stand exactly  how  chemotherapy agents activate the pathways. If we understood 
what properties the chemotherapeutic agents have in common which leads to the 
activation of emetic pathways, it may be possible to design agents devoid of emetic 
liability provided that the anticancer and emetogenic properties do not have the 
same molecular mechanism(s).  

2.3     Animal Models vs. the Clinic and the Problems 
of Studying Nausea in Humans 

2.3.1     Cancer Patients and Animal Models: Limitations 

 Although there are examples of classes of anti-emetic that have their origins in tra-
ditional remedies (e.g. ginger, scopolamine [henbane]), in popular culture (cannabis 
smoking) and from pursuit of anecdotal reports of emesis being reduced by a drug 
used to treat an indication not associated with emesis (e.g. H 1  antagonist being used 
to treat urticaria affecting car sickness; see [ 5 ]), the newer anti-emetics (5-HT 3  and 
NK 1  receptor antagonists) have come from fundamental studies of the neurophar-
macology of emesis in animals. The utility of the animal models relies on their 
ability to translate to a human patient, and this in turn relies on the overall response 
refl ecting the pattern of the human response (e.g. acute and delayed phase), the 
pathway(s) activated by the emetic challenge (e.g. cisplatin) being the same as in the 
patient and that the various molecular mechanisms (e.g. transmitter/receptors) at 
which the drug is targeted are also the same. For emetic challenges such as motion, 
the dopamine receptor agonist apomorphine acting on the area postrema, and the 
gastric irritant ipecacuanha, it is possible to investigate the anti-emetic effi cacy of a 
candidate in healthy volunteers assuming it has passed safety toxicology. However, 
such human models may not refl ect the mechanisms operating during chemotherapy 
and have to be interpreted with caution as, for example, whilst motion-induced eme-
sis is unaffected by the 5-hydroxytryptamine 3  receptor antagonist ondansetron, 
ipecacuanha-induced emesis is reduced or abolished [ 54 ,  153 ]. 

 A range of animal species have been used particularly over the last 30 years to 
investigate the pharmacology of the emetic response to cytotoxic drugs although 
cisplatin has most frequently been used as it is perceived as the most potent chal-
lenge. The ferret has been the species subject to the most detailed investigation and 
has become the standard model for testing anti-emetic effi cacy of novel chemical 
entities and was the species in which the initial anti-emetic effect of both 5-HT 3  and 
NK 1  receptor antagonists was fi rst identifi ed (for review see Percie du Sert and 
Andrews [ 125 ]). Other species in which cisplatin induces an emetic response 
include cat [ 142 ], dog [ 128 ], house musk shrew ( Suncus murinus ; [ 167 ]), least 
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shrew ( Cryptotis parva ; [ 33 ]) and pigeon [ 168 ]. Although rats and other rodents do 
not vomit [ 79 ], they have also been used to investigate the effects of cisplatin by 
monitoring pica (kaolin consumption; [ 159 ]), conditioned taste aversion [ 141 ], 
vagal afferent activity [ 80 ], nerve transection [ 36 ] and brain c-Fos activity [ 37 ,  78 ]. 

 A detailed discussion of the limitations of the various animal species used to 
identify potential anti-emetic agents is beyond the scope of this review, but in each 
case it must be borne in mind that the animal studies are investigating cisplatin- 
induced emesis and are not attempting to mimic chemotherapy in a cancer patient. 
Much of the mechanistic evidence comes from animal studies of single agents, but 
it is now rare to use single-agent chemotherapy, and this emphasises that the animal 
studies are not attempting to mimic chemotherapy. Apart from any fundamental 
animal vs. human differences in emetic pathways and pharmacology, the differ-
ences between the effects of a single emetic chemotherapeutic substance in a healthy 
animal and a patient with cancer being treated with chemotherapy and concomitant 
medication help to account for some differences in effi cacy. Looking broadly at 
anti-emetics investigated in the ferret against cisplatin when the same compounds 
have been investigated in patients, the agents have all had some effi cacy, but the 
magnitude of the effects against vomiting has often differed, with the compounds 
usually being more effective in the animal (see [ 126 ]). Comparing effi cacy of anti- 
emetics between animal studies and patients is diffi cult because apart from the 
problems of assessing nausea discussed below, the level of detail collected about 
number of retches and vomits and their timing is much greater in the animals than 
in humans, so direct comparison of effi cacy measures is problematic. 

 Our understanding of the physiology of the sensation of nausea is rudimentary in 
contrast to that of the mechanics of vomiting and its central control. Researching 
nausea is problematic, and some of the constraints are outlined briefl y below to 
provide background to the subsequent section on the physiology.  

2.3.2     The Problems of Studying Nausea in Humans 

2.3.2.1     Defi nition 

 Nausea is a self-reported sensation that is remarkably diffi cult to defi ne precisely 
(see [ 154 ] for 30 defi nitions), but an analysis of defi nitions shows the common key 
features: (a) it is  unpleasant  but is clearly different from pain; (b) the sensation is 
frequently, but not always,  associated with the stomach , but this does not mean that 
this is the site of origin as the sensation could be referred; (c) it is  aversive  and can 
lead to avoidance of an associated cause; (d) it is associated with a  desire to vomit 
or the feeling that vomiting is imminent  but is not necessarily accompanied by vom-
iting and can continue even after vomiting has occurred often following a brief 
period of relief; and (e) it can  occur in waves , waxing and waning although the 
periodicity has never been measured. Visual analogue or self-report scales rely on 
providing a defi nition of nausea which, it is hoped, overlaps with some aspect of the 

P.L.R. Andrews and J.A. Rudd
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patient’s experience or understanding or requires the patient to self-defi ne nausea 
which assumes that in a particular study all patients are reporting the same phenom-
enon. Scoring is usually completed retrospectively so relies on recall at a time when 
patients may be distressed; additionally it is not ideal to ask patients to complete the 
measurement tool at multiple time points as this could itself trigger thoughts of 
nausea, but the consequence is that the data on the temporal sequence of nausea is 
poor. The meaning of scores using VAS and the ways in which they are categorised 
into categories like “no signifi cant nausea” to assess changes in anti-emetic trials is 
also a cause for concern [ 5 ]. Many of these problems could be overcome by using 
biomarkers, but as described in the section below, this is also problematic.  

2.3.2.2     Biomarkers 

 Although peer assessment has been used with some success by navy sailors as a 
method to assess the physical symptoms and performance impact of seasickness 
[ 63 ], such methods are not easily applied to the clinic where nausea and vomiting 
are the specifi c symptoms of interest. Additionally in studies where the patient’s and 
the clinician’s assessment of symptoms has been compared, the clinician typically 
underestimates the severity in comparison to the patient [ 40 ]. A method of identify-
ing the occurrence and magnitude of nausea in real time, independent of the need 
for self-reporting by the patient, would enable more objective measurement and 
characterisation of the time course of nausea and of the impact of anti-emetics. In 
addition, it would be possible to measure nausea in situations where reporting is 
problematic such as in neonates and babies and in stroke patients [ 5 ]. Potential 
approaches are based upon measurement of the physiological changes which 
accompany nausea and which are described below.  

2.3.2.3     Investigating Nausea in Patients and Healthy Volunteers 

 The frequent occurrence of nausea in patients should make researching the underly-
ing mechanisms relatively simple, but there are both ethical and practical con-
straints. Studies in patients undergoing chemotherapy have predominantly involved 
measurement of substances in the plasma and attempted correlation with nausea or 
vomiting. Such studies whilst providing a useful description of the events occurring 
in a patient have a limited temporal resolution and may be diffi cult to interpret 
because patient populations are not homogeneous with confounding factors (co- 
morbidity, multiple medications). We are aware of only one study of brain imaging 
(see below) investigating nausea in patients undergoing chemotherapy [ 56 ]. The 
majority of knowledge of the physiology of nausea comes from studies of healthy 
(usually young) volunteers using illusory self-motion (vection) as a stimulus. 
Although vection has the advantage that the volunteer can terminate the study by 
closing their eyes, the question arises about how representative visually induced 
motion sickness is of nausea induced either by “real” motion or pharmacological 
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challenges (e.g. apomorphine, ipecacuanha) in healthy volunteers or chemotherapy 
in cancer patients [ 154 ]. Currently there is no evidence that the sensation of nausea 
evoked by the various stimuli differs, although the descriptions of the sensation 
being variously associated with the stomach, throat or head make this a possibility. 
Studies using fMRI in healthy volunteers experiencing nausea have begun to iden-
tify regions concerned with the sensation and accompanying autonomic changes, 
but again these are limited to vection as a stimulus. It is to be hoped that the intro-
duction of more open design types of scanner will permit studies in patients. 
Considerable advances have been made in the production of radioligands suitable 
for use in humans so it should soon be possible to identify the transmitters/receptors 
in the brain areas implicated in nausea by brain imaging which is described below 
[ 49 ,  120 ,  121 ,  146 ].  

2.3.2.4     Assessing Effi cacy of Anti-emetics Against Nausea 

 There are clearly practical considerations in the methodology that can be used in 
clinical trials to assess nausea and vomiting, but it is important to be aware of meth-
odological problems that make it diffi cult to defi ne exactly what the drug is doing. It 
often said that vomiting is more affected or better treated than nausea by anti- emetics, 
but it is diffi cult to fi nd robust data to enable an assessment of the extent of this dif-
ference for different anti-emetic agents [ 5 ]. Comparing effi cacy against nausea as 
compared to vomiting is diffi cult unless both are totally blocked as the comparison 
relies on comparing data derived from a VAS/self-report scale vs. data on number of 
emetic episodes (comprised of retches and vomits). What do changes in the VAS 
score actually mean in terms of the relationship to either the intensity of the stimulus 
or pathway activation? For many sensory experiences, the stimulus is related to the 
sensory experience by a log-power relationship, but we do not know the relationship 
for the induction of nausea. A study of motion sickness showed that the reported 
gastrointestinal sensations increased disproportionately with time in the rotating 
chair [ 117 ]. Although scoring emesis appears more precise because “episodes” are 
often used, it is possible to have a reduction in total number of retches and vomits 
that would not be refl ected in the score if an episode is made up of more than one 
bout of retching and vomiting. In addition, if retrospective recall of number of epi-
sodes is used (assuming the anti-emetic drug has no amnesic properties!), this further 
adds inaccuracies and incidentally can make direct comparison of preclinical and 
clinical data diffi cult in the context of assessing translation of animal models to the 
clinic. The impact of reducing emesis upon the nausea score is rarely considered.  

2.3.2.5     Can Nausea Be Studied in Animals? 

  Sensu stricto  the answer to this question is clearly “no” as it is a self-reported sensa-
tion and hence requires the ability to identify, classify and communicate (usually 
verbally). This comment does not deny that in response to an emetic stimulus 
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animals have a sensory experience with at least functional equivalence to the sensa-
tion of nausea reported by humans and this is well demonstrated by the genesis of 
learned food aversions and avoidance in multiple species [ 5 ,  154 ]. Many studies of 
“nausea” have been performed in rodents as they lack the ability to vomit because 
of differences in the anatomy of the digestive tract and diaphragm and organisation 
of the brainstem [ 79 ], but this also begs the question of what other differences may 
exist in their brain organisation. Studies in animals aimed at providing insights into 
nausea have used a variety of measurements including conditioned taste aversion/
avoidance, pica (kaolin consumption), conditioned gaping and quantifi cation of a 
range of behaviours occurring in the peri-emesis period (e.g. licking, chin rubbing, 
digging) (for refs. see [ 154 ], Chap.   8    ). More recently brain neuronal activation in 
response to emetic stimuli has been studied using c-Fos immunohistochemistry and 
has identifi ed activation of “higher” brain regions (e.g. insular cortex, central 
nucleus of the amygdala), and such studies may provide insights into potential drug 
targets, but they need to be considered with caution in view of differences in brain 
anatomy and likely differences in transmitter and receptor systems from humans. In 
addition, c-Fos only shows neurones that are active (after at least 30 min stimula-
tion), whereas in volunteers experiencing nausea brain imaging has demonstrated 
areas of the brain with decreased as well as increased activity [ 49 ].    

2.4     The Physiology of Nausea 

 Bearing the above constraints in mind, we will summarise what is known of the 
physiological changes that accompany nausea and the way in which the sensation 
itself is generated in humans, but data from some animal studies will be used to 
illustrate additional points. For simplicity we will separate the endocrine, autonomic 
and brain changes, but understanding the temporal sequence is critical to under-
standing how the sensation is produced. In principle there are three working models 
for the genesis of the sensation and they are not mutually exclusive:

    1.    Stimulation of the input pathways (area postrema, vestibular system, abdominal 
vagal afferents) at a level above that involved in homeostatic functions (e.g. bal-
ance, regulation of food intake, vago-vagal motility refl exes) but below that 
required to evoke vomiting activates a pathway within the brain leading to gen-
esis of the sensation of nausea via activation of specifi c cortical nuclei. 
Conceptually this is the least complex mechanism and readily explains how nau-
sea can be evoked by motion stimuli, drugs acting on the area postrema (apomor-
phine) and vagal afferent activation (disordered gastric motility, acute cisplatin 
emesis) without the intervention of any intermediate processes.   

   2.    Stimulation of the input pathways at a level above that involved in homeostatic 
functions but below that required to evoke vomiting causes modulation of auto-
nomic outfl ows to disrupt gastric myoelectric activity (GMA), and this provides 
the signal for nausea via visceral afferents and then brain pathways. However, 
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GMA can be disrupted without induction of nausea (e.g. feeding) so unless the 
pattern is very specifi c, this mechanism operating  alone  appears unlikely.   

   3.    Stimulation of the input pathways at a level above that involved in homeostatic 
functions but below that required to evoke vomiting causes a secretion of “high 
concentration” of vasopressin (oxytocin in the rodents) which either evokes nau-
sea directly by accessing central pathways via the CVOs (most likely AP) or 
disrupts the GMA which is then detected and signalled to the brain as described 
above.     

 Deciding between these options relies on studies with a high temporal resolution 
but also a knowledge of the magnitude of changes in the GMA and AVP required 
for nausea to be reported. The above options are not mutually exclusive as nausea 
can still occur in the absence of changes in plasma AVP (e.g. diabetes insipidus, 
mild vection) and patients with total gastrectomy or high spinal cord lesions. 
Understanding which effects are primary and which are secondary is important for 
identifying targets for antinausea drugs; for example, vasopressin receptor antago-
nists would be effective in #3 but not #1 or #2. 

 Below we summarise the changes in hormones, the autonomic nervous system 
and the brain that have been described in subjects reporting nausea and focus on the 
issues of the magnitude of the response, its temporal relationship to reports of nau-
sea and whether the changes seen provide a plausible mechanism for genesis of the 
sensation. The reader is referred to the book by Stern and colleagues [ 154 ] for 
detailed discussions and additional references [ 154 ]. 

2.4.1     Hormones 

 The hormone most extensively studied and consistently (but not universally) linked 
to nausea is vasopressin (AVP, antidiuretic hormone (ADH)) synthesised in the 
supraoptic and paraventricular nuclei and secreted into the blood stream from the 
posterior pituitary. AVP, but not oxytocin, has been shown to increase in the plasma 
in humans following apomorphine [ 50 ,  122 ,  137 ], cholecystokinin [ 102 ], motion 
and vection [ 46 ,  49 ,  178 ] and anticancer chemotherapy [ 13 ,  42 ,  53 ]. Several studies 
reported that the nausea score positively correlated (often not a strong correlation) 
with [AVP] or that nausea was only present in subjects with a signifi cant change in 
[AVP]. The magnitude of the plasma [AVP] changes is highly variable across the 
studies and is not obviously related to the stimulus; changes range from ~5× to 
~500×. The temporal resolution of plasma AVP measurement is relatively poor so 
the exact temporal relationship between symptoms and [AVP] is not well defi ned, 
but in general plasma AVP rises in concert with the reports of nausea and in the few 
cases where vomiting ensued the rise in AVP occurred prior to vomiting. Systemic 
administration of AVP in humans is capable of inducing nausea [ 24 ,  89 ] and vomit-
ing [ 160 ] with nausea (and abdominal cramping) occurring within 5 min of the start 
of the infusion [ 24 ]. There are no publications of the effects of selective vasopressin 
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receptor antagonists against nausea in humans although there is an anecdotal report 
that a V 1a  antagonist was ineffective in motion (see [ 66 ]). Although the above stud-
ies are all consistent with an intimate role for AVP in the pathogenesis of nausea, it 
must be noted that there are stimuli which evoked nausea (oral ipecacuanha [ 122 ], 
mild motion [ 87 ]) but in which there was no change in [AVP] and a study of patients 
with idiopathic diabetes insipidus in which nausea was evoked by apomorphine 
[ 122 ]. These studies do not exclude involvement of AVP in the genesis of nausea but 
do indicate that there are other mechanisms. 

 The human studies are consistent with studies in animals with an emetic refl ex 
(dog, ferret, monkey) in which a range of stimuli (including apomorphine, abdomi-
nal vagal afferent stimulation, cholecystokinin, cisplatin, copper sulphate, lithium 
chloride) have been shown to produce a dose-related increase plasma AVP (but not 
oxytocin) either prior to the onset of emesis or in animals showing behavioural 
changes argued to be an indication of nausea or malaise ([ 154 ], for refs.). 

 If AVP does increase in association with the onset of nausea, what could be its 
role? A rise in AVP to conserve fl uid and stimulate thirst prior to an anticipated loss 
of fl uid by vomiting would be an appropriate adaptive response, and the absence of 
an equivalent change in rodents that do not vomit is supportive, but the levels of AVP 
measured in most studies are manyfold greater than those required for a maximal 
antidiuretic effect by an action at the renal V 2  receptor. The splanchnic vascular bed 
is sensitive to the vasoconstrictor (V 1 ) effects of AVP [ 45 ], and this would reduce the 
absorption of a “toxin” from the small intestine [ 156 ], and a concomitant decrease 
in hepatic portal vein fl ow would buffer the concentration of any absorbed toxin to 
which the liver was exposed. Intravenous infusion of AVP in humans induces nausea 
(<5 min), but the reported nausea preceded GMA disturbances (>5 min) in the same 
subjects [ 24 ] suggesting that AVP could be causing nausea via direct activation of 
vagal afferents or the area postrema. However, in vection studies tachyarrhythmias 
preceded the onset of reported nausea by about 3 min, and the onset of nausea coin-
cided with a signifi cant rise in AVP (and plasma epinephrine) [ 178 ]. The authors of 
the latter study concluded that it was the gastric dysrhythmias, caused by changes in 
the autonomic outfl ow to the stomach, that provided the signal for central secretion 
of vasopressin. Nausea, plasma AVP and GMA are clearly interrelated, but at pres-
ent the relatively poor temporal resolution of measurement of each parameter com-
bined with a lack of data on the concentration of AVP required to evoke GMA or 
motility changes in comparison to the concentration required to evoke nausea makes 
it hard to unpick what has been referred to as a “noxious trio” [ 91 ]. Final resolution 
of the relationships may have to await studies comparing the effi cacy of selective 
vasopressin receptor antagonists against nausea and the GMA. 

 Although we have focused on AVP, changes have been reported in a number of 
other hormones following an emetic stimulus in humans and associated with nausea 
and these include the following: Pancreatic polypeptide increased following apo-
morphine in subjects reporting nausea and may be indicative of an increase in vagal 
efferent drive to the pancreas [ 50 ]; plasma epinephrine (adrenalin) increases during 
vection with levels higher in subjects reporting nausea and the level remained ele-
vated during the recovery period [ 178 ]. Although administration of epinephrine can 
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induce nausea, it appears likely that the increase is more an indication of the per-
ceived stressful nature of vection. Cortisol also increased towards the end of the 
period of exposure to vection (at the time AVP was declining) and continued to 
increase in recovery [ 178 ], and ACTH secretion is reported in subjects given ipeca-
cuanha [ 124 ]. 

 Whilst attention has focused on hormones that have their level increased in asso-
ciation with nausea, there are reports of a decrease such as in cortisol in patients 
undergoing chemotherapy [ 115 ] and ghrelin in volunteers experiencing visually 
induced motion sickness [ 49 ]. It is argued that hormones whose actions may oppose 
the factors mediating nausea are withdrawn as part of the mechanisms generating 
nausea, and for both cortisol and ghrelin, it can be argued that their presence (espe-
cially at higher concentrations) would be likely to reduce nausea.  

2.4.2     The Autonomic Nervous System and the Stomach 

 Associated with nausea, there is an overall increase in sympathetic nervous system 
activity and a decrease in vagal drive although the latter does not apply to the 
abdominal vagal efferent fi bres supplying the enteric inhibitory neurones responsi-
ble for proximal gastric relaxation and inhibition of contractile activity [ 49 ]. The 
changes in autonomic outfl ow and resulting peripheral responses should be regarded 
as components of the activation of the central pathways at a threshold suffi cient to 
evoke nausea, but preparatory for vomiting, should the stimulus persist or increase 
in intensity. The changes in GMA resulting from the reciprocal changes in sympa-
thetic and parasympathetic outfl ow (possibly enhanced by vasopressin secretion) 
appear to lag behind reported nausea by a few minutes, but they do correlate with 
nausea intensity although this could simply be because the sensation and the auto-
nomic outfl ow have a common central origin. Although the GMA changes appear to 
follow reports of nausea (vection studies) as the events occurring in stomach wall at 
the time nausea is fi rst reported are not known, we should be cautious in dismissing 
a causal link, but the questions remain of what the changes could be and how they 
would be signalled to the brain. The relationship between gastric motility and nau-
sea is not clear [ 143 ] as although nausea induced by vection is associated with relax-
ation of the proximal stomach and a reduction of antral contractile activity, there 
does not appear to be a relationship to symptom severity [ 47 ,  144 ]. However, delayed 
gastric emptying is frequently associated with nausea (and vomiting), and symp-
toms pass when the disorder is treated [ 143 ] and gastric antral distension causes 
nausea [ 94 ]. Although it is unlikely that when nausea is evoked by vection, motion 
or the area postrema, the sensation arises initially by detection of gastric motility or 
GMA changes, there is no reason why when such changes have occurred as part of 
the autonomic changes accompanying nausea, they should not reinforce the sensa-
tion via activation of vagal afferents. If an ingested toxin has directly or indirectly 
(e.g. via a vago-vagal refl ex) produced a delay in gastric emptying, then the nausea 
is most likely to arise by activation of vagal afferents projecting to the brainstem. 
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 Monitoring of the autonomic outfl ows during nausea has shed some light on the 
“wave-like” nature of nausea by showing that an increased perception of nausea was 
associated with an increased sympathetic and a decreased parasympathetic activity 
[ 88 ,  93 ] raising the possibility that the wave-like nature refl ects changes in the cen-
tral autonomic tone during which perception is heightened and lowered [ 5 ].  

2.4.3     The Brain 

 Irrespective of the initiating signal, the fi nal step is the activation of a pathway in the 
brain leading to the genesis of a sensation classifi ed by the individual as nausea. 
Identifi cation of the pathways within the brain by which the sensation is generated 
is critical to identifi cation of drugs targeted against nausea and the concomitant 
autonomic and endocrine changes. fMRI studies in healthy volunteers using vection 
as the stimulus have identifi ed nausea-related increases in activity in the anterior 
insula, anterior/mid-cingulate, inferior frontal and middle occipital gyri and medial 
prefrontal cortex [ 49 ,  88 ,  120 ], but nausea VAS scores have also been negatively 
correlated with activity in the cerebellar tonsil, declive, culmen, lingual gyrus, 
cuneus and left posterior cingulate gyrus [ 49 ]. The differential changes in the ante-
rior (increase activity) and posterior cingulate (decrease activity) reported by [ 49 ] 
are particularly interesting as the anterior is involved in control of sympathetic out-
fl ow, whereas the posterior is involved in parasympathetic outfl ow, so the changes 
are consistent with the altered pattern of autonomic outfl ow described during nau-
sea (see option 2 above). Using magnetic source imaging, the nausea induced by 
ingested ipecacuanha was associated with inferior frontal gyrus activity, and the 
effect was reduced by ondansetron [ 104 ,  105 ]. We are only aware of a single brain 
imaging study (PET) in cancer patients, and this showed that during delayed emesis 
severe nausea was associated with an increase in the anterior hypothalamus, anterior 
cingulate gyrus, thalamus and vermis but a decreased activity in the pons and sub-
stantia nigra [ 56 ]. Brain imaging studies are clearly in their infancy and in combina-
tion with studies to identify the neurotransmitters in the key nuclei offer a tractable 
approach to identifi cation of drugs targeting specifi cally nausea irrespective of the 
cause. Both nausea and vomiting have been induced by discrete electrical stimula-
tion of the human brain in the anterior cingulate cortex and the frontal lobes [ 38 , 
 148 ], and the development of more refi ned non-invasive techniques for brain stimu-
lation will enable the fi ndings from the brain imaging studies to be verifi ed.   

2.5     The Physiology of Retching and Vomiting 

 The purpose of retching and vomiting is to eject the contents, which are presumed 
to be contaminated, forcibly from the stomach. The mechanical events leading to 
this expulsion involve specifi c patterns of motor activity in the striated muscle of the 
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diaphragm, thorax and abdomen and the smooth muscle of the stomach and small 
intestine driven by the autonomic and somatic divisions of the peripheral nervous 
system coordinated in the brainstem (see [ 98 ] for a rare description of vomiting in 
humans). Many of the muscles and the central nervous system pathways regulating 
them that are involved in retching and vomiting are also involved in normal respira-
tion as well as modifi ed respiratory events such as gagging, coughing, sneezing, 
yawning and straining during defaecation so the coordinated acts of retching and 
vomiting are an example of “motor programme switching”. Retching and vomiting 
are physically very intense events: there are reports of rib fractures and displaced 
vertebrae, tears to the oesophagus because of rapid distension by vomitus and 
wound dehiscence if there has been recent surgery to the abdomen or craniofacial 
area because of the rapid rise in abdominal and thoracic pressure (estimated to be 
~200 mmHg). Additionally, vomiting is demeaning to the patient and worrying to 
relatives, the odour of vomitus is unpleasant to staff and other patients and vomitus 
itself can be a source of infection ( Helicobacter pylori , norovirus). The risk of vom-
iting prevents the use of medication in tablet form even if nausea permits this 
although patches and buccal formulations may circumvent this. Protracted vomiting 
leads to alkalaemia and compromised nutrition. 

2.5.1     Pre-expulsion 

 A number of preparatory changes have occurred in the body prior to the onset of 
retching and vomiting once the emetic pathways have begun to be stimulated, but 
the threshold for the induction of vomiting has not been reached and will be sum-
marised here; some of the changes in gut motility have been associated with, but not 
causally related to, the genesis of the sensation of nausea as described above. The 
physiological changes largely refl ect changes in the autonomic nervous system. 

2.5.1.1     Skin 

 Cold sweating (particularly forehead, forearm, dorsal surface of hand) and a pallid 
skin (particularly face) are frequently reported to occur in subjects reporting nausea, 
but there are relatively few detailed studies of this phenomenon, and we are only 
aware of one study in patients undergoing chemotherapy [ 114 ]. These superfi cial 
changes are an indication of an increase in sympathetic outfl ow to the cutaneous 
vasculature (α-adrenoceptor) and the sweat glands (muscarinic acetylcholine recep-
tors), a combination that is unusual as normally thermally induced sweating would 
be accompanied by vasodilatation mediated by a decrease in sympathetic constric-
tor tone. Cutaneous blood fl ow may also be infl uenced by plasma vasopressin acting 
on V 1  receptors, but the effects may be complex as depending upon the concentra-
tion, vasopressin may also dilate some vascular beds such as those in the skeletal 
muscle of the forearm via V 2  receptors [ 76 ]; vasodilatation of the forearm has been 
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reported following apomorphine and during motion sickness (Ehrlich and Wallisch 
1943, cited [ 10 ,  155 ]). 

 Specifi c pattern of cutaneous blood fl ow changes in animals exposed to a motion 
stimulus or given emetic drug has been reported [ 119 ]. Cutaneous blood fl ow and 
sweating are usually related to thermoregulation, and a sensation of feeling hot or a 
desire for cool air has been reported in association with motion sickness [ 119 ] and 
subjects given apomorphine [ 23 ]; these subjective feelings have not been well stud-
ied as nausea is the predominating sensation. Further studies of thermoregulation 
are warranted particularly in patients undergoing chemotherapy as sweating after 
chemotherapy and feeling warm or hot all over after the last treatment are factors 
correlated with the probability of anticipatory nausea and vomiting [ 84 ].  

2.5.1.2     Cardiovascular System 

 The focus has been on heart rate variability, cardiac vagal tone and respiratory sinus 
arrhythmia rather than the increase in heart rate or blood pressure changes  per se  
because of the information that can be obtained about relative changes in sympa-
thetic and parasympathetic (vagal) efferent outfl ow with a high temporal resolution. 
Overall there is a reduction in parasympathetic activity and an increase in sympa-
thetic activity although the majority of data has been obtained during studies of 
visually induced motion sickness (e.g. [ 48 ,  49 ]). Morrow showed in patients receiv-
ing chemotherapy (cisplatin/carboplatin) that there is an increase in heart rate vari-
ability reaching a peak ~2 h before nausea was reported but which had decreased 
from the peak at the time nausea was reported [ 113 ]. Morrow also showed that the 
number of “abnormal” tests of autonomic nervous system function (cardiovascular) 
was greater in chemotherapy patients who would subsequently have a relatively 
high level of nausea [ 116 ]. Changes in the autonomic tone to the heart have been 
generalised to the stomach to explain the GMA changes. Caution should be exer-
cised as whilst the activity in the gastric vagal preganglionic efferents supplying the 
enteric cholinergic neurones is decreased, the drive to the preganglionic vagal effer-
ents supplying the enteric neurones releasing inhibitory transmitters to relax the 
gastric muscle is increased. For the intestinal retrograde giant contraction (see 
below) to occur, vagal drive to intestinal cholinergic neurones is increased so when 
describing autonomic changes generalisations should be avoided.  

2.5.1.3     Digestive Tract 

 The gastric fundus and body are relaxed and antral contractile activity is sup-
pressed (see [ 154 ] for refs). The net effect is to delay gastric emptying which con-
fi nes presumed contaminated material to the stomach where because of the 
presence of tight intercellular junctions absorption is low in comparison to the 
intestine and slowing emptying will reduce the peak plasma concentration of any 
toxin absorbed from the intestine. Additionally, it is proposed that the relaxation of 
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the proximal stomach places it in the most effi cient location for compression dur-
ing the act of vomiting. The reduction of gastric motility is due to a  decrease  in the 
drive in the preganglionic vagal efferent axons that supply postganglionic cholin-
ergic enteric neurones and an  increase  in the drive to the vagal preganglionic effer-
ents supplying postganglionic enteric neurones releasing inhibitory 
neurotransmitters (nitric oxide, vasoactive intestinal peptide). The reduction in 
vagal cholinergic drive contributes to the reduction in gastric acid secretion which 
arguably blunts the impact of acid vomitus on dentition and the oesophagus and in 
combination with the increased salivation (parasympathetically mediated) and 
swallowing often (but not always; see [ 144 ]) reported in nauseated subjects or 
prior to vomiting. An increase in sympathetic activity contributes to the reduction 
in gastric motility and secretion, but the major effect of the sympathetic system is 
to reduce gastric and intestinal blood fl ow with the latter argued to be to further 
reduce the possibility of toxin absorption.   

2.5.2     Expulsion 

 The last event that occurs prior to the onset of the externally visible acts of retching 
and vomiting is the occurrence of a retrograde giant contraction (RGC) in the small 
intestine (see [ 154 ] for refs). This forceful contraction (~80 % larger than phase III 
of the MMC) originates in the mid-small intestine and sweeps towards the stomach 
and in some cases continues into the antrum. The function of the RGC is presumed 
to be to propel intestinal contents that may contain toxin into the stomach for ejec-
tion. The intestinal contents are alkaline (pancreatic juice) and will help to buffer 
gastric contents, but as the gall bladder contracts prior to the onset of vomiting, bile 
is also likely to be present. The RGC requires an intact vagal efferent innervation 
and can be blocked by atropine showing it is mediated by acetylcholine acting on a 
muscarinic receptor. Using graded doses of emetics such as apomorphine, it is pos-
sible to induce proximal gastric relaxation and a RGC without retching and vomit-
ing ensuing, but if they do, then retching does not begin until the RGC reaches the 
stomach. It is likely that the point at which a person perceives vomiting as being 
imminent (a sensation different from nausea?) and may adopt a characteristic pos-
ture is when the RGC is initiated possibly reinforced by distension of the stomach 
by intestinal contents. Even if gastric relaxation and the RGC are blocked, retching 
and vomiting can still occur so neither represents a target for a drug to block vomit-
ing. Retching involves contraction of the crural and costal regions of the diaphragm 
under the infl uence of the phrenic nerve and the rectus abdominis and external inter-
costals under the infl uence of spinal motor neurones. Little is known of the factors 
regulating the number of retches preceding a vomit although animal studies (ferret) 
suggest that this is inversely related to gastric volume [ 4 ]. The primary change to 
permit vomiting is that the crural region of the diaphragm that contributes to the 
anti-refl ux barrier between the stomach and oesophagus is inhibited, but the 
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remainder of the diaphragm and abdominal muscles contract more intensely in lon-
ger duration bursts each coincident with forceful oral expulsion of gastric contents 
with a propulsive force of ~200 mmHg. The pudendal nerves tighten the urethral 
and anal sphincters during vomiting. The stomach itself plays a primarily passive 
role in vomiting as it is compressed by the diaphragm and abdominal muscles. 
Blocking retching and vomiting by a drug acting at the peripheral motor terminals 
in the diaphragm and abdominal muscles is possible using curare-like drugs, but of 
course breathing would also be prevented and this illustrates why anti-emetic drugs 
are either targeted at the central integrative mechanisms (e.g. NK 1  receptor antago-
nists) or the initiating input pathways (e.g. 5-HT 3  receptor antagonists) (see below 
for details).  

2.5.3     Between Emetic Episodes 

 Almost nothing is known about what happens in the gut between episodes of eme-
sis, what determines the interval between episodes (hence the intensity of emesis) 
and what determines the overall duration of the emetic response. For substances 
such as morphine, the duration is determined by the overall plasma level and con-
centration, but for others such as cisplatin, the emesis continues long after plasma 
levels have subsided. A crucial question is at what point normal patterns of gastro-
intestinal motility resume as this is critical for the patient’s ability to eat. There is 
also a more general issue of when the range of autonomic nervous system changes 
which occur in association with nausea and during the pre-expulsion and expulsion 
phases reverts to normal after the end of the last emetic episode.   

2.6     Inputs: How Are Nausea and Vomiting Induced? 

 The gastrointestinal tract, the area postrema (in the fourth ventricle) and the vestibu-
lar labyrinths are the major structures which when activated by adequate stimuli 
cause induction of nausea and/or vomiting. In many ways these sites refl ect the 
hierarchically organised system by which the body defends itself against ingested 
toxins. Understanding the way in which chemotherapeutic agents, other medica-
tions given as part of cancer treatment and cancer itself interact with these structures 
is critical to both understanding the origin of CINV and providing insights into cur-
rent and future anti-emetic therapies. In addition, to these inputs consideration also 
needs to be given to the pathways implicated in the genesis of anticipatory nausea 
and vomiting. As a background to the sections below describing in detail the mecha-
nism of acute, delayed and anticipatory chemotherapy-induced nausea and vomit-
ing and the sites of anti-emetics, we will fi rst review what is known about these key 
inputs and central integration from general studies of emesis. 
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2.6.1     The Tongue and Pharynx 

 These structures are not considered as “classical” sites from which the central 
emetic pathways can be activated but the gustatory system and particularly the iden-
tifi cation of bitter-tasting substances form part of the toxin-detecting system (see 
above). Taste buds detecting bitter substances supplied by glossopharyngeal and 
vagal (see also below) afferents project to the nucleus tractus solitarius in the brain-
stem. Controlled studies have demonstrated that nausea accompanied by character-
istic changes in gastric myoelectric activity can be induced by application of 
bitter-tasting chemicals to the tongue [ 129 ]. More general links between bitter taste 
sensitivity and nausea come from studies showing an increased propensity to motion 
sickness in individuals with high sensitivity to bitter stimuli [ 175 ] and a positive 
relationship between hyperemesis gravidarum and bitter taste perception [ 152 ]. In 
view of these fi ndings, the early reports of rapid-onset (~30 min) bitter taste associ-
ated with some chemotherapeutic agents (cyclophosphamide, methotrexate, 5-FU 
chemotherapy) and which some patients considered the cause of their emesis [ 51 ] 
may need to be re-evaluated as clearly chemotherapeutic agents have the capability 
of activating bitter taste buds and this could also be responsible for increased saliva-
tion, swallowing and lip licking which have variably been reported to accompany 
nausea [ 7 ]. The proteins involved in the detection of bitter-tasting substances are 
members of the type 2 taste receptor (T2R) family with molecular and functional 
studies showing expression and physiological effects in the gastrointestinal tract 
(including 5-hydroxytryptamine containing enterochromaffi n cells) and airway 
[ 52 ]. The molecular interactions of cytotoxic drugs with enterochromaffi n cells are 
reviewed in detail below, but studies of the binding of cytotoxic drugs to the ~25 
members of the T2R family would be of interest and may give insights into predict-
ing emetic liability.  

2.6.2     The Gastrointestinal Tract and Visceral Afferents 

 Once contaminated food has been swallowed, prompt detection whilst the toxin is 
still in the gut lumen provides the last opportunity for ejection in bulk by vomiting 
or diarrhoea before the toxins can damage the epithelium by prolonged contact and 
are absorbed. Emesis can be induced rapidly once a threshold is reached as illus-
trated by the observation that emesis can be triggered in <1 min by continuous 
electrical stimulation of the abdominal vagal afferents in the ferret [ 4 ]. Once toxins 
are in the blood stream, they may be metabolised by the liver and excreted via the 
kidneys, but when in the circulation, the potential for damage, especially of the 
brain, is considerably increased and vomiting will have no effect on plasma concen-
trations of already absorbed toxin. Information from the gut is signalled to the cen-
tral nervous system via afferent axons travelling in either sympathetic (splanchnic) 
or parasympathetic (predominantly vagus but also sacral nerves not considered 

P.L.R. Andrews and J.A. Rudd



21

here) nerve trunks which also contain efferent axons infl uencing a range of gut func-
tions (motility, blood fl ow, exocrine and endocrine secretions). 

2.6.2.1     Abdominal Vagal Afferents 

 There are two main populations of vagal afferents (see [ 22 ] for additional details), 
and both have their cell body of origin in the nodose ganglion and terminate in the 
nucleus tractus solitarius with some limited animal data for additional projections to 
the area postrema: 

   Mechanoreceptors 

 These are afferent axons with terminations (intraganglionic laminar endings; IGLE) 
in the myenteric ganglia and signal both contraction and distension of the gut muscle 
with the density higher in the oesophagus, stomach and small intestine than in the 
fi rst part of the colon [ 22 ]. These afferents are implicated in induction of nausea and 
vomiting in at least two ways; fi rstly distension of gut regions such as the gastric 
antrum and the duodenum which are not regions of the gut specialised for accom-
modation are sites from which nausea and vomiting can be induced; secondly, if 
accommodation (relaxation) mechanisms are impaired in the proximal stomach due 
to selective loss of inhibitory (nitric oxide, vasoactive intestinal peptide) enteric neu-
rones (e.g. diabetic neuropathy; chronic effect of cisplatin), then wall tension even in 
response to a normal-size meal may activate the afferents suffi ciently to induce nau-
sea [ 143 ]. The stomach normally maintains a low level of motility so the mechano-
receptors always signal a low level of activity; hence it is possible that motor 
quiescence such as occurs in the stomach in association with nausea may itself con-
stitute a signal. The IGLE terminals of the afferents have a number of receptors that 
can modulate their sensitivity (e.g. inhibitory GABA B  and ghrelin; excitatory gluta-
mate), and these receptors are a potential target for drugs to treat gastroesophageal 
refl ux, obesity as well as nausea and vomiting depending on the cause [ 143 ].  

   Mucosal Afferents 

 This population of afferents found in the oesophagus, stomach and small intestine 
monitors various features of the luminal environment [ 22 ] including pH, osmolarity 
and chemical stimuli including nutrients (see below) and also responds to abrasion 
of the mucosa such as might occur in the stomach during digestion of pieces of meat 
and compression of the mucosa as may occur in lumen occluding contractions as can 
occur during phase III of the migrating motor complex or intestinal retrograde giant 
contraction. The anatomical correlate of the mucosal afferent is a vagal afferent axon 
terminating in close proximity to one member of the  family of enteroendocrine cells 
in the mucosa. In response to a luminal stimulus, the enteroendocrine cell releases 
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via exocytosis one or more mediators which can modulate (stimulate or inhibit) 
vagal afferent activity via receptors located on the vagal afferent terminal, and in 
some cases (peptides) the substances can enter the hepatic portal vein and, provided 
they survive plasma, hepatic and pulmonary metabolism, enter the systemic circula-
tion and act as hormones elsewhere in the body including the area postrema in the 
brainstem (see below). Physiologically the enteroendocrine cells respond to stimuli 
in the gut lumen, but if a systemic agent triggers the exocytotic process to release a 
mediator, then this substance will in effect have the same effect as the luminal stimu-
lus, but the effect is likely to be magnifi ed as the systemic stimulus will act simulta-
neously on all cells in the gut sensitive to it, whereas a natural luminal stimulus 
would be expected to have a more localised action. There are several populations of 
enteroendocrine cells containing a diverse range of mediators but the enterochro-
maffi n cells (see below), the location of ~90 % of the 5-HT in the body is perhaps 
the best known releasing its 5-HT to activate 5-HT 3  receptors on the vagal afferents 
terminating in close proximity [ 16 ]. It must be emphasised that this released 5-HT 
acts locally in a high concentration and that 5-HT entering the hepatic portal vein is 
either metabolised or taken up by platelets so the 5-HT from the EC cells does not 
act as a circulating hormone. Other substances found in enteroendocrine cells 
include cholecystokinin (CCK), glucagon-like peptide-1 (GLP-1) and peptide YY 
(PYY) which have been implicated in induction of satiety by a local effect on the 
vagal afferents but can also have an endocrine role with an effect on the circumven-
tricular organs (including the area postrema). Studies in humans and animals have 
shown that CCK, GLP-1 and PYY or synthetic analogues have the potential to 
induce nausea and vomiting (see [ 5 ], for refs). The enteroendocrine cells and the 
associated vagal afferents have an important role in the regulation of food intake and 
the sensation of satiety, the control of gut motility and secretion in addition to being 
part of the body’s defensive system by induction of nausea and vomiting by luminal 
chemicals (e.g. copper sulphate, hypertonic saline) and viruses (e.g. rotavirus, [ 68 ]).   

2.6.2.2     Splanchnic Afferents 

 These afferents have their peripheral terminals in proximity to or on blood vessels 
(arteries and second-order arterioles) in the gut wall, with cell bodies in the dorsal 
root ganglia (DRG) and central terminations in the dorsal horn of the spinal cord. 
Although responding to stretch and contraction, the sensitivity is less than that of 
the mechanoreceptive vagal afferents, they also respond to noxious stimuli, reduced 
mesenteric blood fl ow, ischaemia and hypoxia [ 22 ]. There is little evidence that they 
are able to directly induce retching and vomiting in contrast to abdominal vagal 
afferents, but as pain is one consequence of their activation, they could be involved 
in the sensation of nausea that accompanies intense pain (e.g. biliary colic) with the 
second-order projections in the spinothalamic pathway project collaterals to the 
nucleus tractus solitarius and the parabrachial nucleus providing the substrate. In 
patients with post-operative nausea and vomiting and pain following abdominal 
surgery, treating the pain reduced the nausea [ 3 ]. As these afferents respond to 
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reduced blood fl ow and ischaemia, they could be involved in genesis of the sensa-
tion of nausea associated with mesenteric ischaemia, but it should also be recalled 
that gut blood fl ow is reduced (as indicated by mucosal pallor) in association with 
nausea and could contribute to genesis of the sensation. Although the splanchnic 
afferents are probably not involved in refl ex induction of emesis, they may have a 
role in nausea but this requires direct investigation.   

2.6.3     The Area Postrema 

 The human brain has eight circumventricular organs (CVO), all of which have the 
common feature of being regions where the blood-brain barrier is relatively perme-
able because of the presence of fenestrated endothelia [ 19 ,  95 ,  96 ,  100 ,  177 ]. The 
area postrema is the only CVO located in the fourth ventricle and is the only one (to 
date) implicated in induction of nausea and vomiting. The area postrema was impli-
cated in induction of emesis from animal studies (initially dog and cat; [ 19 ] for 
review) showing that ablation blocked the emetic response to some (but not all) 
emetic drugs given systemically or applied topically. This ability to detect specifi c 
substances in the circulation and to evoke emesis led to it being called “the chemo-
receptor trigger zone”, and whilst this is useful shorthand, the use of this terminol-
ogy encouraged the erroneous view, particularly with chemotherapeutic drugs, that 
agents present in the circulation must be inducing emesis via this site. The area 
postrema should be regarded as “a” chemoreceptor trigger zone rather than “the” 
chemoreceptor trigger zone. The area postrema has been surgically ablated in 
humans [ 97 ] in an attempt to treat intractable vomiting, but the effi cacy of the pro-
cedure was tested using administration of the dopamine D 2  receptor agonist apo-
morphine as it is commonly used to test the same lesion in animal studies; this is a 
rare example of where the same lesion has been compared with the same emetic 
challenge in humans and animals. In humans chronic nausea was associated with 
neurenteric cyst of the area postrema [ 106 ], and intractable vomiting is a symptom 
of aquaporin-4 autoimmunity acting on the area postrema (neuromyelitis optica; 
[ 132 ,  135 ]) supporting its involvement in pathways. 

 Related to emesis the area postrema has also been implicated in genesis of 
learned food aversions. Although the focus here is on the effects of exogenous 
agents, the CVOs are variably sensitive to a range of endogenous hormones impli-
cated in the regulation of food intake (CCK, GLP-1, TNF-α), blood pressure control 
and salt and water intake (AII, AVP; [ 19 ,  96 ]; Price, 2008). The CVOs therefore 
contribute to homeostasis and are able to infl uence behaviour. Although the area 
postrema is implicated in a number of functions, we know little of how the concen-
tration of a substance acting on the AP cells is translated into a graded response of 
nausea followed by vomiting at a higher concentration. A diverse range of sub-
stances can affect the area postrema, but we do not know the full spectrum of recep-
tors present on AP cells or indeed which cells in the AP are involved in responding 
to which substances. Whilst responses to exogenous application of chemicals known 
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to be endogenous transmitters or hormones can be reconciled in terms of the pres-
ence of a diverse receptor (e.g. AII [AT 1A ], CCK  1 , GLP-1, ghrelin [GHSR], IL-1, 
P2 X2 , nAch, TNF-α, AVP [V 1 ], D 2 , enkephalin, PYY [Y1/Y2/Y4]) or ion channel 
(H + , K + , Ca ++ , [ 150 ]) population, it is unclear if, and how, other chemicals (e.g. cis-
platin, copper sulphate, imiquimod) where area postrema ablation has been shown 
to affect their emetic response interact with the area postrema.  

2.6.4     The Vestibular System and Vestibulo-Visual Confl icts 

 Although there is no direct evidence that the vestibular system is implicated in acute 
or delayed chemotherapy-induced emesis, the sensitivity to motion sickness is cor-
related with sensitivity to both acute and delayed chemotherapy-induced emesis (e.g. 
[ 112 ,  149 ]), post-operative nausea and vomiting and pregnancy sickness [ 21 ,  174 ]. 
The mechanisms underlying the correlations are not fully known, but known projec-
tions of the vestibular system to the vestibular nucleus which in turn projects to the 
nucleus tractus solitarius which is intimately involved in the coordination of the 
emetic outputs provide a mechanism by which vestibular inputs modulate overall 
emetic sensitivity. This observation is also consistent with the experience that moving 
the head exacerbates nausea from non-vestibular causes and reports that acute PONV 
can be triggered as patients are moved on a trolley from the operating theatre. Drugs 
with primary effi cacy against central muscarinic and H 1  receptors and used for the 
treatment of motion sickness have some effi cacy against emesis induced by chemo-
therapy, radiotherapy and post-operative nausea and vomiting where there is no evi-
dence for a direct vestibular involvement, but the effi cacy could be explained by a 
reduction in the tonic drive to the nucleus tractus solitarius changing the threshold for 
other inputs to trigger the system. Although terrestrial motion sickness can be driven 
purely from the vestibular system, the usual mechanism involves a confl ict between 
the vestibular and visual systems. However, a form of motion sickness (visually 
induced motion sickness) can be induced in a stationary subject exposed to a scene 
giving the sensation of self-motion (vection); this induces a confl ict between the 
information received by the brain from the eyes (movement) and the vestibular sys-
tem (no movement). Whilst there is debate about similarities and differences between 
“real” and “virtually” induced motion sickness, the latter has a provided a convenient 
controllable stimulus to study nausea in a laboratory setting, and much of the infor-
mation about nausea reviewed below comes from such studies (e.g. [ 49 ]).  

2.6.5     Cortical Inputs 

 It is clear that unpleasant smells or horrifi c sights can trigger nausea and vomiting, 
but the pathways by which this occurs are not known and nor is it known to what 
extent this may be a culturally determined learned response or a reaction to severe 
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stress. However, it is known that in the context of chemotherapy anticipatory nausea 
and vomiting can be triggered in susceptible individuals by visual (sight of the 
oncologist) and olfactory (smell of the disinfectant) cues linked to the environment 
in which the nausea and vomiting was experienced during the chemotherapy with 
the response heightened by the stress caused by the anticipation of the next cycle. 
This classical conditioned response can be reduced by optimal anti-emetic treat-
ment on the fi rst and each cycle of chemotherapy and psychological interventions 
such as overshadowing.   

2.7     Central Integration 

 The signals from the abdominal vagal afferents, the area postrema and the ves-
tibular system indicating whether nausea and vomiting should result converge in 
the brainstem in the nucleus tractus solitarius (NTS) and from this major integra-
tive nucleus outputs (not necessarily direct) pass to two main locations (see [ 58 , 
 154 ] for refs): (1) brainstem nuclei including the retrofacial nucleus and central 
respiratory group regulating the spinal output to the phrenic nerve and diaphragm 
(retching and vomiting), pre-sympathetic neurones in the rostral ventrolateral 
medulla (heart, arterioles, sweat glands, adrenal gland), salivatory nuclei, dorsal 
motor vagal nucleus (vagal supply to gut) and nucleus ambiguus (pharynx, lar-
ynx, upper oesophagus, heart) and (2) rostral brain including the hypothalamus 
(AVP secretion), cingulate (“visceromotor” cortex; particularly involved impli-
cated in regulation of ANS outfl ow) and insular (“interoceptive” cortex) cortex. 
These and adjacent nuclei (e.g. amygdala) provide a substrate for the behavioural 
and autonomic changes which accompany nausea as well as the sensory 
experience. 

 The critical integrative role of the NTS goes some way to explaining the “broad- 
spectrum” effects of NK 1  receptor antagonists which have a major site of action 
here (see [ 8 ,  58 ] for detailed reviews). It is interesting to consider at which point on 
the “output” side of the NTS the signals for nausea to more rostral structures and 
for vomiting to other brainstem nuclei diverge as drugs targeted at this divergent 
point should be equally effi cacious against nausea and vomiting initiated by inputs 
to the NTS.  

2.8     Endogenous Anti-emetic Mechanisms 

 There are several pieces of evidence for endogenous mechanisms capable of reduc-
ing the vomiting and possibly nausea (c.f. endogenous anti-nociceptive pathways). 
Understanding how these endogenous pathways are activated to suppress and deac-
tivated to facilitate emesis is of obvious relevance to identifying novel approaches 
to anti-emesis. 
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2.8.1     Pulmonary Vagal Afferents 

 Electrical stimulation of the abdominal vagal afferents readily induced emesis, but 
stimulation of the cervical vagus containing the afferents from the gut  en route  to 
the brainstem and afferents from thoracic structures does not. It is hypothesised that 
vagal pulmonary afferents are responsible for this effect by “neuroinhibitory stabili-
sation” of the brainstem emesis network [ 180 ]. In addition to emesis induced by 
abdominal vagal afferent stimulation and emesis induced by xylazine acting via the 
area postrema, motion-induced emesis can also be blocked by cervical vagal affer-
ent simulation. In humans deep breathing is known to alleviate the sensation of 
nausea, and the activation of pulmonary afferents modulating brainstem pathways 
provides a plausible explanation although this has not been investigated directly. 
The availability of transcutaneous and implantable vagal nerve stimulators should 
allow direct investigation of vagal nerve stimulation as a therapeutic option particu-
larly if the pulmonary afferents can be stimulated selectively without affecting nor-
mal respiratory control.  

2.8.2     Brain Mechanisms 

 Rimonabant is an antagonist at cannabinoid receptors and can induce nausea sug-
gesting that they are blocking tonically active endogenous pathways that are sup-
pressing nausea [ 130 ]. In addition naloxone can reduce the threshold dose required 
for apomorphine or motion to induce emesis [ 2 ,  90 ]. Further support for endogenous 
inhibitory pathways comes from the observation that a number of anti-emetic agents, 
often with some degree of “broad-spectrum” activity, are agonists with actions at mu 
opioid, cannabinoid 1 , 5-hydroxytryptamine 1A  and TRPV 1  receptors [ 5 ].   

2.9     Acute and Delayed CINV: Mechanism, Pathways 
and Aspects of Anti-emetic Pharmacology 

 The above pathways provide a framework within which to discuss the mechanisms 
by which cytotoxic drugs act to induce nausea and vomiting. Of necessity, we will 
need to rely on data from animal models for mechanisms as it is not feasible to 
undertake comparable lesion studies in patients (area postrema ablation; truncal 
vagotomy) although studies in which similar pharmacological agents have been 
studied in animals and patients provide support for similar mechanisms. 
Extrapolating from drug effects in animals to humans often provides the only insight 
into mechanisms and pathways in humans, and in many cases we may have to 
accept that we will never know the detailed mechanisms in humans in the same way 
as animals. The majority of studies have investigated cisplatin or cisplatin- containing 
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regimes so these will be the focus of the discussion, but differences and discrepan-
cies with other cytotoxics will be highlighted. The complexity of the effects of cyto-
toxic drugs on the body should not be overlooked and is well illustrated by a 
microarray study of the stomach in the rat showing that within 48 h of a single 
injection of cisplatin there was a greater than twofold change in >1,000 genes and 
greater than tenfold change in >20 genes [ 64 ]. 

2.9.1     Before Chemotherapy 

 The emetic response to a particular chemotherapy agent will be determined by 
patient-dependent predisposing factors as well as the chemotherapy agent itself. 
Although the mechanism underlying some of the factors predisposing to an emetic 
response such as younger age, female sex and abstention from alcohol is unclear, 
others such as a emetic history (motion sickness, pregnancy sickness), low pre- 
chemotherapy nocturnal cortisol [ 83 ], an elevated pre-chemotherapy ratio of sub-
stance P to 5-hydroxyindoleacetic acid/creatinine in the urine [ 75 ] and 
polymorphisms that may affect the effi cacy of 5-HT 3  receptor antagonists [ 9 ,  20 , 
 158 ,  165 ,  166 ,  181 ] can readily be explained within our understanding of the neuro-
pharmacology of CINV. Identifi cation of other biomarkers indicative of patient sen-
sitivity to an emetic challenge (e.g. central anti-emetic tone; see section above) will 
assist in individualising anti-emetic therapy to enhance effi cacy. Concomitant medi-
cation such as morphine [ 151 ] for which the emetic response is also impacted by 
polymorphisms [ 157 ] and prior surgery is also likely to impact on sensitivity. 
Animal models investigating mechanisms of emesis induced by chemotherapeutic 
agents have not investigated the impact of a tumour likely to result in the release of 
pro-emetic/infl ammatory mediators. The psychological state of the patient will also 
impact as anxiety increases the probability of emesis in several situations. In view 
of these factors (and probably many of which we are not yet aware), it is perhaps 
unsurprising that patients given the same chemotherapy agents and same anti- emetic 
may experience quite different outcomes.  

2.9.2     Acute Phase of Emesis Induced by Chemotherapy 

 There have been several attempts to identify a unifying mechanism to explain the 
emetic effect of cytotoxic drugs with diverse chemical structures and anticancer 
targets. Harris hypothesised that chemotherapeutic drugs acted to inhibit the synthe-
sis of enzymes responsible for the  metabolism  of enkephalins resulting in an activa-
tion of opioid receptors (delta-opioid receptors) and induction of emesis via release 
of dopamine in the area postrema [ 69 ]. Within the same hypothesis, it was thought 
there was a concurrent inhibition of the  synthesis  of enkephalins with inhibitory 
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actions (via the activation of μ-opioid receptors) at the “vomiting centre” [ 70 ]. 
However, whilst the opioid receptor antagonist, naloxone, is capable of potentiating 
emesis induced by a number of challenges, the overall hypothesis that chemothera-
peutic drugs differentially affect the synthesis/metabolism of endogenous opioids is 
diffi cult to rationalise [ 55 ,  140 ] and has been superseded by a focus of how chemo-
therapy may affect the function synthesis, metabolism and release of 5-HT and sub-
stance P driven mainly by studies investigating the mechanism of 5-HT 3  and NK 1  
receptor antagonists. In the limited space it is not possible to review all the original 
evidence supporting the current model of the mechanisms underlying CINV, but the 
following reviews cover the key issues and also differences of opinion [ 6 ,  8 ,  32 ,  34 , 
 73 ,  107 ]. 

 Although the “enkephalin hypothesis” is no longer current, it did raise the con-
cept of a “unifying initiating mechanism” and cautioned against confusing the pri-
mary effect of the cytotoxic drugs at the point initiating emesis with secondary 
neurotransmitter pathways activated as a consequence (see [ 70 ]). Identifying pri-
mary and secondary effects remains an issue and is at the core of understanding how 
cytotoxic drugs induce emesis and how anti-emetics can interfere with the conse-
quential pathway activation. 

 Using cisplatin as an example, we will summarise the evidence from both ani-
mals and humans for the “5-HT–SP hypothesis”, but we emphasise that this is still 
a working hypothesis and, although consistent with the majority of evidence, there 
are gaps and unresolved issues which it must be recognised may never be fi lled or 
reconciled particularly by studies in humans. Bearing in mind that the cytotoxic 
drug is being administered to a patient whose emetic pathways may be “primed” by 
the presence of a cancer, prior surgery, emetic history, genetically determined 
endogenous factors and concomitant medication, what is the sequence of events that 
lead to the activation of the input pathways described above leading to induction of 
acute nausea and vomiting? 

2.9.2.1     The Latent Period and the Enterochromaffi n Cell–Vagal 
Afferent Unit 

 For all emetic stimuli, there is a delay (latent period) between initiation of the stimu-
lus and the onset of a response (nausea and/or vomiting). For some cytotoxic drugs 
such as cyclophosphamide, a component of the latency is contributed by the time 
for hepatic metabolism to phosphoramide mustard and acrolein; the former is 
known to be emetic but the emetic properties of the latter are not known. Cisplatin 
enters cells in its di-chloro form, but once in the cells where there is a lower concen-
tration of chloride ions compared to the plasma, the two chloride ions are substi-
tuted for water by hydrolysis with the t  1/2  for this reaction being ~6 h [ 161 ]. The 
emetogenic potential (proportion of patients experiencing emesis in the absence of 
effective anti-emetic prophylaxis) of a number of cytotoxic drugs (carmustine, cis-
platin, cyclophosphamide, doxorubicin and methotrexate) is dependent upon the 
dose and rate of administration as illustrated by cisplatin where the acute response 
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can be reduced by using a slow infusion [ 86 ]. Studies in the ferret and dog have 
shown that the latency of acute emesis to cisplatin is inversely related to dose [ 4 ] 
and in man high doses can have a latency of a few hours comparable to the 1–2 h 
observed in dog and ferret (ibid). So what is happening in this time period before 
emesis begins? The enteroendocrine cells in the gut and particularly the 
5-HT-containing enterochromaffi n (EC) cells are the primary target for the cyto-
toxic drugs during the acute phase of CINV. It is often assumed that cisplatin enters 
the EC cells by passive diffusion, but there is growing evidence from other tissues 
for a contribution by transport proteins with the tissue distribution of such trans-
ported implicated in renal toxicity and ototoxicity [ 27 ,  101 ]. The presence or other-
wise of cytotoxic drug transporters (including effl ux) on EC cells would be of 
interest and could explain why such cells have such a high sensitivity to cytotoxic 
drugs. 

 What is happening when cytotoxic drugs enter the EC cell? Based largely on 
animal studies, it is proposed that cisplatin and other cytotoxic drugs cause the pro-
duction of free radicals in the EC cells and these induce the infl ux of Ca ++  into the 
cells via L-type Ca ++ channels triggering exocytotic release of 5-HT. This hypothesis 
is supported by studies showing induction of emesis by free radical generators and 
blockade of cisplatin-induced acute emesis by antioxidants [ 18 ,  67 ,  162 ,  163 ]. It 
would be interesting to compare the ability of cytotoxic drugs to generate free radi-
cals in EC cells with their emetogenicity. The release of 5-HT by exocytosis from 
EC cells has also been implicated in emesis induced by rotavirus and staphylococcal 
enterotoxin [ 68 ,  81 ], observations consistent with the proposed defensive role of the 
gut epithelium. Although we focus on exocytosis triggered by free radicals, 5-HT 
release from EC cells is also under neural control, and hence an acute effect of a 
cytotoxic drug on enteric neurones could also be involved (see [ 107 ] for review) 
although this does not appear to be the main mechanism. The release of 5-HT from 
the EC cells is subject to a number of modulatory endocrine and neural (e.g. enteric 
nervous system) infl uences which may themselves be infl uenced by cisplatin and 
other cytotoxic drugs [ 111 ,  133 ]. For example, in the least shrew intestinal endocan-
nabinoid levels are reduced within 30–60 min of cisplatin administration [ 33 ]. 

 Evidence for the release of 5-HT by cytotoxic drugs comes from animal studies 
showing effects on isolated EC or EC-like tumour cells or intestine in vitro [ 109 , 
 145 ], measurement of ileal dialysate in dogs given cisplatin [ 59 ] and measurement 
of blood and urinary 5-hydroxyindole acetic acid (5-HIAA, a metabolite of 5-HT 
produced by the action of monoamine oxidase (MAO) as the 5-HT passes into the 
liver via the hepatic portal vein) in patients undergoing chemotherapy [ 25 ,  30 ,  31 , 
 41 ,  74 ,  176 ]. The studies by Cubeddu [ 30 ,  31 ] also measured plasma chromogranin 
A (CGA) the vesicle storage protein which is co-released with 5-HT and provides 
an additional marker of EC cell exocytosis [ 16 ]. There is no consistent evidence that 
the plasma concentration of 5-HT rises following chemotherapy, and studies in 
which increases have been observed may refl ect technical differences from measur-
ing a blood sample [ 12 ] vs. using intravenous microdialysis [ 25 ] particularly as the 
platelets which are responsible for the uptake of the majority of EC cell released 
5-HT are a rich source of 5-HT. 
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 Additional support for the EC cell being the target for cytotoxic drugs comes 
from showing that depletion of EC cell 5-HT using parachlorophenylalanine mark-
edly reduced the nausea and vomiting in patients treated with cisplatin [ 1 ], fi ndings 
partially supported by studies in the ferret [ 139 ]. 

 The 5-HT from the EC cells acts locally on 5-HT 3  receptors (a ligand-gated ion 
channel) located on vagal afferents terminating in close proximity, a mechanism 
readily demonstrated by direct recording from intestinal vagal afferents showing 
blockade of cisplatin-induced activity by 5-HT 3  receptor antagonists [ 44 ,  80 ,  107 ]. 
In contrast to other 5-HT receptors, the 5-HT 3  receptor requires a relatively high 
concentration for activation, >1 μM for 5-HT 3  vs. 1–10 nM for G-protein-coupled 
5-HT receptors [ 16 ,  134 ]. This further emphasises the importance of the release of 
a “high” concentration of 5-HT acting on receptors located nearby, and it is esti-
mated that the concentration will be >10 nM at 5 μm from the cell. 

 Additional support for involvement of the vagus comes from the demonstration 
that surgical section of the abdominal vagi (either with or without concomitant 
greater splanchnic nerve section) abolishes or reduces the emetic response to cispla-
tin in several species (ferret, [ 71 ]; house musk shrew, [ 118 ]; dog, [ 61 ]; monkey, 
[ 60 ]). The involvement of the abdominal vagal afferents in acute CINV is consistent 
with the role of the EC cell – vagus in detection of ingested toxins, and it is also 
relevant that the abdominal vagus is implicated in the acute emetic response to total 
body radiation [ 4 ] which is also sensitive to 5-HT 3  receptor antagonists. 

 Although we have focused on the role of 5-HT from the EC cells in driving the 
response via the activation of 5-HT 3  receptors located on the vagal afferent termi-
nals, other substances released either from the EC, enteroendocrine or mast cells 
can act on receptors located on the vagal afferent terminals to both drive and sensi-
tise/desensitise the response to 5-HT, and vice versa. Of particular interest is sub-
stance P, and an interaction was hypothesised to explain why an NK 1  receptor 
antagonist reduced vagal afferent activation by 5-HT and a 5-HT 3  receptor antago-
nist reduced the response to substance P [ 108 ]. These studies are of interest in light 
of the recent studies on the molecular effects of palonosetron and “crosstalk” 
between NK 1  and 5-HT 3  receptors [ 136 ]. An action on the peripheral vagal NK 1  
receptors could contribute to the anti-emetic effect of NK 1  receptor antagonists in 
CINV, but the weight of evidence favours a predominantly central, primarily nucleus 
tractus solitarius, site of action (see [ 8 ] for review) in contrast to the predominantly 
peripheral site of action for 5-HT 3  receptor antagonists. 

 The abdominal vagal afferents have a major role in the regulation of food intake 
by providing the initial satiety signal and in the regulation of vago-vagal refl exes, 
motility and secretion. We do not know how the signals for the initiation of the 
physiological regulatory processes are encoded and processed centrally in compari-
son to the vagal afferent signals signalling nausea and vomiting. 

 The above discussion has focused on the activation of abdominal vagal affer-
ents primarily by 5-HT with a likely involvement of other locally released sub-
stances (e.g. SP). However, we should not overlook the possibility that the area 
postrema may also be involved with its role being permissive or facilitating the 
vagal afferent input. For example, in the dog plasma levels of the peptide YY 
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(PYY) known to induce emesis increased following cisplatin with a profi le that 
followed emesis [ 128 ]; PYY is one of a number of gut peptides that have an 
emetic potential (e.g. CCK, GLP-1) and are known to act on the area postrema, 
but there have been insuffi cient studies of gut hormone profi les following che-
motherapy (e.g. see [ 82 ]) to provide evidence to include or dismiss this option. 
It is of course possible that cisplatin could be acting directly on the AP as it 
rapidly accesses the brainstem although the levels are <20-fold lower than in the 
plasma at the same time points (house musk shrew, [ 43 ]). Whilst neuronal cell 
bodies in the AP could respond directly to cisplatin and there is evidence from 
dorsal root ganglia for an increase in excitability caused by cisplatin concentra-
tions in the clinical range and a protective effect of dexamethasone [ 147 ], a more 
likely target is the astrocyte-like cells (glia) with processes surrounding neu-
rones and end-feet contacting the perivascular spaces (i.e. the circulation) which 
are a prominent feature of the AP [ 96 ]. Astrocytes are known to possess the 
organic cation transporter responsible for uptake of cisplatin, and studies in rat 
hippocampus have shown binding of cisplatin to rough endoplasmic reticulum in 
astrocytes with end-feet contacting vessels [ 182 ]. The functional consequences 
of such uptake if it occurred in the AP astrocytes are unknown but could prove a 
credible mechanism by which cisplatin could modulate the outfl ow of the AP to 
the NTS. 

 If the AP is involved in the acute phase, its role is likely to be facilitatory as 
overall pathways from the AP to the NTS are not sensitive to 5-HT 3  receptor 
antagonists. However, it is conceivable that in some individuals the AP pathways 
have a more signifi cant role, and if so, this could explain why 5-HT 3  receptor 
antagonists may be less effi cacious in some patients. In these cases NK 1  receptor 
antagonists would be expected to be effective because of the predominant site of 
action in the NTS [ 8 ].  

2.9.2.2     Sustaining and Stopping the Acute Emetic Response 

 The above section describes how the primarily vagal pathways are activated, but it 
should be appreciated that as the acute phase continues for ~18 h the pathways are 
being subject to sustained activation. As the entire acute phase is 5-HT 3  receptor 
antagonist sensitive and administration of a 5-HT 3  receptor antagonist after vomiting 
has begun can stop the response within a few minutes in ferrets and humans [ 15 ], it 
is likely that the pathway is being continuously driven and/or sensitised by 5-HT 
release. The cessation of the acute phase at 18–24 h is not due to depletion of 5-HT 
[ 28 ] so the decline is due to removal of the driving stimulus with a reciprocal change 
in the capacity of the EC cells to generate and scavenge free radicals being likely 
mechanisms although the possibility that compensatory mechanisms damping the 
release of 5-HT is induced. A comparison of cisplatin and cyclophosphamide over 
48 h may give insights. As the mechanisms driving the acute phase decline, those 
responsible for the delayed phase become active but against the background of a 
central nervous system that has received a continuous emetic drive for ~18 h.   
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2.9.3     Delayed Phase Induced by Chemotherapy 

 If the defi ning feature of the acute phase of cisplatin-induced emesis is the intensity 
of emesis, the duration of 2–4 days is the hallmark of the delayed phase which 
begins after a period of little or no emesis around 18–24 h following high-dose cis-
platin administration [ 92 ]. Although other chemotherapeutic agents such as doxoru-
bicin and cyclophosphamide can induce emesis beyond 24 h in the case of 
cyclophosphamide, it is rare that this continues beyond 48 h. Whilst the initial dif-
ferentiation of acute and delayed phases was temporal, there is a growing body of 
evidence based primarily on the relative effi cacy of anti-emetics indicating that they 
should be regarded as having distinctive mechanisms [ 73 ,  138 ]. Anxiety (probably 
based upon the experience during the fi rst 24 h) plays some role as urinary nor-
adrenaline levels are predictive of delayed nausea but not emesis [ 57 ], and there 
may also be pharmacokinetic reasons as delayed emesis was more likely to occur in 
patients with slower cisplatin clearance [ 131 ]. However a number of observations 
provide evidence for different mechanisms. Preclinical studies in several species 
(see above) demonstrate a major role for the abdominal vagal innervation in the 
acute phase of cisplatin, and there is evidence that the area postrema is involved in 
the delayed phase [ 127 ], but as we are unlikely to ever have comparable data from 
humans, mechanisms need to be based on comparing the pharmacological effects of 
anti-emetics in animals and humans. We propose the following as model that 
explains a number of observations but which remains to be tested in humans. 

 The delayed phase is most likely to be due to endogenous processes initiated in 
the acute phase by administration of the cytotoxic drug as blood levels of the origi-
nal drug are minimal at 24–48 h. However, it is possible that native cytotoxic drug 
(e.g. cisplatin) or its metabolite (e.g. phosphoramide mustard for cyclophospha-
mide) could become sequestered in the area postrema which has a relatively high 
blood fl ow and which has been argued to have a countercurrent mechanism capable 
of concentrating substances in the plasma. Drugs could also reach the nucleus trac-
tus solitarius via fenestrated capillaries known to be present in rodents, but the 
observation that the delayed phase (ferret, [ 127 ]) can be blocked by area postrema 
ablation suggests that a direct action at the NTS is not the main mechanism involved 
in delayed emesis. 

 Animal studies have shown that administration of a single dose of a cisplatin 
produces a diverse range of changes in the brain and gut including: gene expression 
(e.g. preprotachykinin-1 [ 39 ]), gastrin and somatostatin [ 173 ], ghrelin receptor [ 99 ], 
levels of transmitters (e.g. endocannabinoids [ 33 ]), 5-HT and dopamine [ 11 ,  139 ], 
SP [ 43 ], gastric neuronal nitric oxide synthase [ 85 ], brain oncogenes (e.g. c-fos, 
[ 77 ]), intestinal epithelial absorption [ 14 ] and gastrointestinal motility [ 169 ,  179 ]. 
Although some of these changes may be affected by an anti-emetics (e.g. c-Fos 
expression in the brain secondary to abdominal vagal afferent activation), many will 
not. Many of these changes will persist giving multiple potential mechanisms that 
could contribute to the delayed phase. Whilst AP ablation implicates a systemically 
released agent, the identity of which is not known, it is highly likely in humans that 
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the delayed phase is contributed to by infl ammatory processes (gut and AP) and 
disturbed gastric motility which provide rational targets for the effi cacy of dexa-
methasone and metoclopramide [ 138 ]. It is perhaps unsurprising that NK 1  receptor 
antagonists are effective in the delayed phase as the primary site of action is in the 
NTS at the convergence point of the inputs likely to be activated by the above array 
of changes triggered by cisplatin [ 8 ]. 

 It is unlikely that we will know which of the changes described above occurring 
in animals also occur in patients, and even for the animals we do not know the time 
taken for recovery, but this could help identify the main factors responsible for the 
delayed phase. However, it is likely that some of these changes will persist and be 
in place when patients receive the next course of chemotherapy. 

2.9.3.1     Subsequent Cycles 

 Although we have a reasonable understanding of the mechanisms responsible for 
acute and delayed chemotherapy-induced emesis on the fi rst cycle, little is known 
about how (or if) the mechanism differs on subsequent cycles although a reduction 
in effi cacy of anti-emetics with number of cycles is a strong indication of underly-
ing changes. However, Cubeddu (1993) reported in patients that during the acute 
phase of cisplatin-induced emesis urinary excretion of 5-HIAA during subsequent 
cycles (combined data from cycles 2, 3 or 4) was the same or higher than those dur-
ing the fi rst cycle [ 29 ]. This supports a continuing role for 5-HT in subsequent 
cycles but does not exclude recruitment of additional mechanisms. Although the 
demographic and treatment factors predisposing to development of anticipatory 
nausea and vomiting are well defi ned (see [ 84 ], Table 1), the relationships between 
the outcome during cycle 1 and subsequent cycles is not and very few preclinical 
studies have attempted to mimic multicycle chemotherapy. Studies in the rat have 
shown that repeated doses of cisplatin exacerbate the initial gastric stasis and that 
the effect of granisetron in alleviating this delayed emptying reduced over doses of 
cisplatin [ 170 ]. Repeated doses of cisplatin in the rat (weekly for 5 weeks) also 
increased the number of enterochromaffi n cells in the ileum [ 171 ] and caused an 
enteric neuropathy [ 169 ] which has also been reported to occur in mice with chronic 
oxaliplatin treatment [ 172 ]. The neuropathy differentially affects excitatory neu-
rones leaving a relatively higher proportion of enteric inhibitory and nitrergic inhib-
itory neurones. Of particular interest is the observation that repeated doses of 
oxaliplatin in the rat upregulated spinal cord neuronal NOS (nitric oxide synthase) 
expression which has been linked to mechanical allodynia [ 103 ,  172 ], and this 
observation requires further study as similar changes in the NTS could have pro-
found effects on emetic sensitivity. Overall these studies show that repeated doses 
of cytotoxic agents given to rodents over clinically relevant time periods can induce 
changes in the gut function and the related enteric nervous system that has major 
role in control of motility, secretion and blood fl ow [ 62 ]. In the same way that it was 
gradually realised that although mechanisms of acute and delayed chemotherapy 
differed and required different anti-emetic strategies, we may have to consider that 
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the combination of mechanisms differs as chemotherapy progresses. For example, 
if some of the symptoms are due to the progressively changed gut motor function 
due to damage to excitatory neurones, then prokinetics working via facilitation of 
cholinergic neurones (e.g. motilin, 5-HT 4  receptor agonists; [ 143 ]) will become pro-
gressively ineffective, but inhibitors on nitrergic neurones may be effective. 

 For most of these changes, we do not have any insights into how long the changes 
sustain, so it is quite possible that some of the processes initiated by the cytotoxic 
drug during cycle 1 are still in place during the next and subsequent cycles, and this 
together with the known plasticity of the emetic pathways [ 4 ] could contribute to the 
frequently observed reduction in anti-emetic effi cacy. Although attention focuses 
on ototoxicity and sensory neuropathy as long-term toxicities of anticancer chemo-
therapy, additional consideration should be given to longer-term consequences for 
brain and gut function of the intense and prolonged activation of the emetic 
pathways.    

2.10     Concluding Comments 

 In the 30 years since the fi rst reports of the anti-emetic effects of a 5-HT 3  receptor 
antagonist against cisplatin-induced emesis in the ferret [ 110 ], understanding of the 
mechanisms and pathways activated by cytotoxic drugs has transformed, facilitating 
advances in anti-emetic therapy most notably NK 1  receptor antagonists. Recent stud-
ies with “newer” 5-HT 3  and NK 1  receptor antagonists (e.g. NEPA, [ 72 ]) discussed in 
other chapters in this book show considerable promise in approaching very high lev-
els of complete control over multiple cycles. Whilst control of nausea has gradually 
improved, it still lags behind control of vomiting emphasising the need for studies in 
humans of the physiology of nausea and identifi cation of clinically useful biomarkers 
for more objective assessment in clinical trials. The effects of anticancer chemo-
therapy agents on the body are clearly complex, but knowledge of the basic mecha-
nisms by which the agents induce nausea and vomiting should allow the development 
of newer agents to optimise the anti- tumour effects whilst reducing the emetic liabil-
ity, so acute and delayed CINV will no longer be an issue.     
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    Chapter 3   
 First-Generation 5-HT3 Receptor Antagonists                     

       Roy     Chen      ,     Kathy     Deng      , and     Harry     Raftopoulos     

3.1            Introduction 

 Chemotherapy-induced nausea and vomiting (CINV) is a signifi cant side effect of 
cancer therapy and can lead to poor compliance with therapy, treatment delays, 
dehydration, hospitalization, and a marked decrement in patient quality of life. With 
appropriate CINV control, safe outpatient administration of chemotherapy can be 
accomplished with no change in patients’ pre-therapy quality of life. Over the last 
30 years, developments have improved in the control of CINV, including the advent 
of 5-hydroxytryptamine-3 (5-HT3) receptor antagonists which are an integral ingre-
dient in regimens used today. With the variety of chemotherapy regimens today and 
the ongoing development of new combinations in addition to targeted therapy, there 
have been corresponding dynamic goals for control of not only CINV in general but 
in differentiating control of nausea over and above that of vomiting. In fact, current 
antiemetic therapy conceptually fulfi lls the true defi nition of “targeted therapy” as 
there is signifi cant understanding of pathways involved in emesis as well as specifi c 
targeted antagonists to these pathways. This chapter will focus on the 5-HT3 path-
way and the specifi c receptor antagonists to this pathway.  
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3.2     Physiology of CINV 

 The intrinsic emetogenicity of a given chemotherapeutic agent is the key determinant 
of the probability of clinical emesis, although chemotherapy dose, as well as patient 
factors such as female gender and young age may increase the probability of emesis 
[ 1 ]. Guideline groups divide chemotherapeutic agents into four emetogenic groups: 
high, moderate, low, and minimum [ 2 ] (Table  3.1 ). The clinical phases of emesis have 
been defi ned largely from observations using cisplatin where typically in the absence 
of antiemetics all patients will experience nausea and vomiting 1–2 h post administra-
tion. At 18–24 h the CINV abates, only to resurface and peak again at 48–72 h after the 
cisplatin administration [ 3 ]. As a result, acute emesis is defi ned as occurring within the 

   Table 3.1    Emetogenic potential of antineoplastic agents   

 Highly 
emetogenic 
(IV) 

 AC (doxorubicin or 
epirubicin with 
cyclophosphamide) 

 Dacarbazine  Ifosfamide >2 g/m 2 
per dose 

 Carmustine >250 mg/m 2   Doxorubicin >60 mg/m 2   Mechlorethamine 
 Cisplatin  Epirubicin >90 mg/m 2   Streptozocin 
 Cyclophosphamide 
>1,500 mg/m 2  

 Moderately 
emetogenic 
(IV) 

 Aldesleukin >12–15 
million IU/m 2  

 Clofarabine  Ifosfamide <2 g/m 2 
per dose 

 Amifostine >300 mg/m 2   Cyclophosphamide 
<1,500 mg/m 2  

 Interferon alfa >10 
million IU/m 2  

 Arsenic trioxide  Cytarabine >200 mg/m 2   Irinotecan 
 Azacitidine  Dactinomycin  Melphalan 
 Bendamustine  Daunorubicin  Methotrexate >250

mg/m 2  
 Busulfan  Doxorubicin <60 mg/m 2   Oxaliplatin 
 Carboplatin  Epirubicin <90 mg/m 2   Temozolomide 
 Carmustine < 250 mg/m 2   Idarubicin 

 Low emetic 
risk (IV) 

 Ado-trastuzumab 
emtansine 

 Etoposide  Paclitaxel 

 Amifostine <300 mg  5-fl uorouracil  Paclitaxel-albumin 
 Aldesleukin <12 million 
IU/m 2  

 Floxuridine  Pemetrexed 

 Brentuximab vedotin  Interferon alfa >5 <10 
million IU/m 2  

 Pentostatin 

 Cabazitaxel  Ixabepilone  Pralatrexate 
 Carfi lzomib  Methotrexate >50

mg/m 2  <250 mg/m 2  
 Romidepsin 

 Cytarabine 100–200
mg/m 2  

 Mitomycin  Thiotepa 

 Docetaxel  Mitoxantrone  Topotecan 
 Doxorubicin (liposomal)  Omacetaxine  Ziv-afl ibercept 
 Eribulin 
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fi rst 24 h and delayed after 24 h (usually up to 120 h) [ 2 ]. Other agents may also cause 
delayed emesis, although not usually with the same biphasic pattern as cisplatin.

   Animal studies have defi ned signifi cant neuroanatomic components of the emetic 
refl ex. Initially, Thumas proposed a single vomiting center (dorsal vagal nucleus) in 
1891 based on canine studies [ 4 ]; Wang and Borison further refi ned the concept to 
include a “sensor” area in the area postrema (often called the chemoreceptor trigger 
zone) and an “effector” area, the vomiting center, in the medulla [ 5 ]. More recent 
studies suggest two areas of afferent input in the dorsal vagal nucleus, the area pos-
trema and the nucleus tractus solitarius, and rather than a discrete “vomiting center,” 
several neuronal areas loosely organized to effect the emetic refl ex, termed the “cen-
tral pattern generator” [ 6 ]. 

 Minimal 
emetic risk 
(IV) 

 Alemtuzumab  Dexrazoxane  Pertuzumab 
 Asparaginase  Fludarabine  Rituximab 
 Bevacizumab  Interferon alfa <5 

million IU/m 2  
 Temsirolimus 

 Bleomycin  Ipilimumab  Trastuzumab 
 Bortezomib  Methotrexate <50 mg/

m 2  
 Valrubicin 

 Cetuximab  Nelarabine  Vinblastine 
 Cladribine  Ofatumumab  Vincristine 
 Cytarabine <100 mg/m 2   Panitumumab  Vincristine (liposomal) 
 Decitabine  Pegaspargase  Vinorelbine 
 Denileukin diftitox  Peginterferon 

 Moderate to 
high emetic 
risk (oral) 

 Altretamine  Estramustine  Procarbazine 
 Busulfan >4 mg/day  Etoposide  Temozolomide >75

mg/m 2 /day 
 Crizotinib  Lomustine (single day)  Vismodegib 
 Cyclophosphamide 
>100 mg/m 2 /day 

 Mitotane 

 Minimal to 
low emetic 
risk (oral) 

 Axitinib  Gefi tinib  Ruxolitinib 
 Bexarotene  Hydroxyurea  Sorafenib 
 Bosutinib  Imatinib  Sunitinib 
 Busulfan <4 mg/day  Lapatinib  Temozolomide <75

mg/m 2 /day 
 Cabozantinib  Lenalidomide  Thalidomide 
 Capecitabine  Melphalan  Thioguanine 
 Chlorambucil  Mercaptopurine  Topotecan 
 Cyclophosphamide 
<100 mg/m 2 /day 

 Methotrexate  Trametinib 

 Dasatinib  Nilotinib  Tretinoin 
 Dabrafenib  Pazopanib  Vandetanib 
 Erlotinib  Pomalidomide  Vemurafenib 
 Everolimus  Ponatinib  Vorinostat 
 Fludarabine  Regorafenib 

Table 3.1 Continued
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 The neurotransmitters involved in the emetic refl ex related to chemotherapy are 
underpinned by 5-hydroxytryptamine (5-HT). Chemotherapy administration leads to 
local release of mediators by enterochromaffi n cells in the proximal small intestine. 
These mediators include 5-HT, substance P, and cholecystokinin, which then bind to 
respective receptors (5-HT3, neurokinin-1, and cholecystokinin-1) located on termi-
nal ends of abdominal vagal efferents [ 7 ]. This binding leads to a signal conducted by 
these vagal fi bers which terminates in the nucleus tractus solitarius and leads to acti-
vation of the central pattern generator. The local release of 5-HT in the gastrointesti-
nal tract and signal transduction by the vagal afferents is thought to be the chief 
mechanism whereby chemotherapeutic agents cause emesis [ 7 ]. Direct stimulation 
of the chemoreceptor trigger zone as described by Wang and Borison is a further 
mechanism, albeit thought to be a less important mechanism with CINV [ 8 ].  

3.3     Development of First-Generation 5-HT3 Antagonists 

 In 1985, studies showed that high-dose metoclopramide (a dopamine-2 receptor 
antagonist) combined with dexamethasone provided meaningful protection from 
cisplatin-induced emesis at the expense of signifi cant extrapyramidal side effects 
[ 9 ]. Curiously, at that time, results could not be replicated with other dopamine-2 
receptor antagonists, suggesting the antiemetic effect was mediated by interaction 
with another neurotransmitter receptor. The 5-HT3 receptor emerged as a likely 
mediator of the antiemetic effect, and the pharmaceutical industry employed vari-
ous strategies to develop selective 5-HT3 receptor antagonists. These included:

    (a)    Screening indole analogues, leading to the development of ondansetron [ 10 ]   
   (b)    Structure-activity relationships around cocaine resulting in the development of 

dolasetron [ 11 ]   
   (c)    Using serotonin as a basis, yielding tropisetron [ 12 ]   
   (d)    Structure-activity relationships around tropisetron developed granisetron [ 13 ]    

  The structures of the four fi rst-generation 5-HT3 antagonists are shown in 
Fig.  3.1  [ 14 – 17 ]. Since ondansetron and granisetron are the most used agents with 
dolasetron no longer indicated for CINV and tropisetron in limited use, a greater 
focus will be devoted to ondansetron and granisetron. The role of 5-HT3 receptor 
antagonists in postoperative nausea and vomiting is beyond the scope of this text.

3.3.1       Ondansetron 

 Ondansetron is an indole derivative, selective 5-HT3 receptor antagonist with weak 
affi nity for other 5-HT receptors and dopamine receptors. Oral formulations are rap-
idly absorbed with an approximate 60 % bioavailability [ 18 ]; ondansetron is 
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extensively metabolized primarily by hydroxylation of the indole ring with subse-
quent conjugation [ 19 ]. The elimination half-life is approximately 4 h (Table  3.2 ); 
metabolites are not signifi cant contributors to activity. The elderly and patients with 
hepatic impairment show reduced clearance; however, this is not clinically meaning-
ful [ 19 ].

   Adverse events with ondansetron are largely confi ned to headache and constipa-
tion. An EKG study conducted in 2012 demonstrated signifi cant QTc prolongation 
with a 32 mg dose of ondansetron prompting the FDA to limit the dose administered 
intravenously to 16 mg [ 20 ].  
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  Fig. 3.1    Structures of the four fi rst-generation 5-HT3 receptor antagonists and palonosetron       

 

3 First-Generation 5-HT3 Receptor Antagonists



50

3.3.2     Dolasetron 

 Dolasetron is a selective 5-HT3 receptor antagonist derived after extensive chemical 
substitutions to the cocaine molecule. Dolasetron is rapidly metabolized to the 
active metabolite hydroxydolasetron, which is predominantly excreted in the urine 
and has an elimination half-life of 7.3 h (Table  3.2 ) [ 21 ]. Renal impairment increases 
the elimination time, but is once again not clinically relevant. 

 As with ondansetron, headache and constipation are the most signifi cant adverse 
effects. QTc prolongation is also evident at higher doses, and in 2010, due to the 
QTc concerns, the approval for intravenous dolasetron in CINV was withdrawn.  

3.3.3     Tropisetron 

 Tropisetron is another selective competitive antagonist of the 5-HT3 receptor, derived 
by chemical modifi cation of serotonin (5-HT) and thus is also an indole derivative. 
Oral absorption is rapid with approximately 60 % bioavailability; metabolism is 
similar to ondansetron (hydroxylation followed by conjugation), with metabolites 
being inactive [ 22 ]. In most patients, the elimination half-life is approximately 8 h 
(Table  3.2 ), although in some poor metabolizers, the half-life may be up to 45 h [ 23 ]. 
Tropisetron is not available in the USA, but is used in the East and Australia.  

3.3.4     Granisetron 

 Granisetron is a selective 5-HT3 receptor antagonist derived by making chemical 
alterations to tropisetron. Oral bioavailability is similar to other agents and metabo-
lism is the primary means of elimination. The elimination half-life is approximately 
9 h (Table  3.2 ), with no signifi cant changes noted in elderly and those with renal or 
hepatic impairment [ 24 ]. In addition to the intravenous and oral formulations, a 

       Table 3.2    5-HT3 receptor antagonist characteristics   

 5-HT3 receptor antagonist 
 Half-life 
(hours) 

 Oral 
bioavailability 
(%)  QTc prolongation 

 First 
generation 

 Ondansetron  4  59  Yes 
 Dolasetron 
(hydrodolasetron) 

 7.3  76  Yes 

 Tropisetron  8  60  Yes 
 Granisetron  9  60  Yes 

 Second 
generation 

 Palonosetron  42  97  No 
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transdermal delivery system (patch) is available in the USA, delivering granisetron 
directly through intact skin by passive diffusion with levels peaking at 48 h and 
sustained for further 5 days. Adverse events once again include headache and con-
stipation and reports of QTc prolongation.   

3.4     Development of Palonosetron 

 Chemical strategies that examined conformational alterations in 5-HT3 receptor 
antagonists led to compounds with signifi cantly increased affi nity for the receptor 
and further alterations led to the development of palonosetron, deemed a second- 
generation 5-HT3 antagonist for its enhanced receptor binding affi nity and pro-
longed half-life (approximately 42 h) (Table  3.2 ) [ 25 ]. The structure of palonosetron 
is shown in Fig.  3.1  [ 26 ]. In addition, distinguishing palonosetron from fi rst- 
generation agents, it does not appear to have a meaningful effect on QTc [ 27 ]. Oral 
bioavailability is excellent at 97 % [ 28 ].  

3.5     Clinical Studies 

 Over the last 30 years, numerous clinical studies have been conducted in the CINV 
space that have established the benefi ts of fi rst-generation 5-HT3 receptor antago-
nists as well as have helped to refi ne dosing and steroid combinations. During the 
same period, standards and defi nitions as far as end points and study design have 
also evolved, such that initial studies had more variability in terms of measured end 
points and use of patient-reported outcomes. Currently, important defi nitions 
include the acute phase (0–24 h post emetogenic chemotherapy), delayed phase 
(24–120 h post), complete response (no emesis and no use of rescue medication), 
and complete control (no emesis and no more than minimal nausea) [ 1 ]. While not 
perfect, these standard defi nitions allow studies to be interpreted in context and 
determine whether any differences seen are meaningful. In addition, standardization 
has assisted in the development of meaningful guidelines to help translate clinical 
trial benefi ts to global benefi ts. 

3.5.1     Initial Studies 

3.5.1.1     Placebo-Controlled Studies 

 Two studies compared the effi cacy of ondansetron and granisetron to placebo in 
preventing cisplatin-induced emesis. Cubeddu [ 29 ] randomized 28 chemotherapy- 
naive patients about to receive cisplatin to ondansetron or placebo as antiemetic 
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prophylaxis. The control of emesis was signifi cantly improved in the active treat-
ment arm in terms of number of emetic episodes, time to emesis, and need for res-
cue medication. Cupissol [ 30 ] similarly randomized 28 chemotherapy-naive 
patients to receive granisetron or placebo with their fi rst dose of cisplatin. Once 
again, the active therapy group had signifi cant control of emesis – 13 of 14 granis-
etron patients had no acute nausea or vomiting whereas only 1 of 14 placebo 
patients was free of nausea or vomiting in the fi rst 24 h. In patients receiving cyclo-
phosphamide (at that time deemed a moderately emetogenic agent irrespective of 
the combination), Cubeddu randomized 20 patients to ondansetron or placebo [ 31 ] 
and predictably 70 % of ondansetron-treated patients experienced no emesis, com-
pared to 0 % in the placebo arm. Two further studies in Japan used a placebo design 
to confi rm the activity of ondansetron and tropisetron [ 32 ,  33 ]. The continued use 
of placebo controls was strongly discouraged except for studies involving low 
emetogenic risk agents, and further studies needed to compare new treatments with 
the best available existing therapy [ 34 ]. An individual patient data meta-analysis 
[ 35 ] reinforced the dismal outcome in terms of emesis control in placebo-treated 
patients.  

3.5.1.2     Dose-Finding Studies 

 Principles of cancer supportive care, unlike primary therapy, dictate that the low-
est effective dose of an agent can be used rather than the maximally tolerated dose: 
many initial studies sought to defi ne optimal dosing of the fi rst-generation 5-HT3 
receptor antagonists. In patients receiving cisplatin, a double-blind trial of three 
different ondansetron doses (0.015, 0.15, and 0.30 mg/kg, each given three times 
4 h apart) demonstrated the 0.15 mg/kg dose was superior to the lower dose, and 
no added improvement with the higher dose was noted [ 36 ]. Granisetron was also 
evaluated in patients receiving cisplatin in a double-blind study [ 37 ]. Doses evalu-
ated were 2, 10, and 40 μg/kg with the 10 and 40 μg/kg doses being superior to the 
lower dose in terms of preventing cisplatin-induced CINV. There was no differ-
ence observed between the 10 and 40 μg/kg doses. A second study examined 
granisetron doses of 40 μg/kg or 160 μg/kg and found no differences in effi cacy 
[ 38 ]. Similarly studies with tropisetron and dolasetron [ 39 ,  40 ] confi rmed interme-
diate doses as effective in preventing cisplatin-induced CINV with no added ben-
efi t to dose escalation. Importantly, though, even at much higher doses than 
required for maximum effi cacy, adverse events were seldom signifi cantly 
increased.  

3.5.1.3     Comparison Studies with Older Agents 

 Ondansetron (0.15-mg/kg × 3 doses) was compared with high-dose metoclo-
pramide (2 mg/kg × 6 doses) in a single-blind trial in 307 patients receiving high-
dose cisplatin [ 41 ]. Ondansetron was found to be superior to metoclopramide and 
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produced fewer adverse events; in particular no extrapyramidal effects were noted 
with ondansetron. Similar fi ndings were seen with two earlier smaller studies; how-
ever, the schedule of ondansetron administration was not standard (continuous 
infusion) [ 42 ,  43 ]. 

 Granisetron trials provided clues that helped the understanding of the neuro-
physiology of emesis and the pharmacology of the antiemetics: granisetron alone 
was superior to either chlorpromazine or prochlorpromazine given together with 
dexamethasone for moderately emetogenic chemotherapy [ 44 ,  45 ]; yet when granis-
etron alone was compared to high-dose metoclopramide with dexamethasone for 
high-dose cisplatin, no differences in antiemetic control could be discerned [ 45 ,  46 ]. 

 These observations validated the original fi ndings by Gralla using metoclo-
pramide and confi rming the role of the 5-HT3 receptor in emesis. In addition clues 
about the utility of corticosteroids emerged.   

3.5.2     The Role of Corticosteroids 

 Corticosteroids, in particular dexamethasone, have been used as antiemetics for 
CINV and have demonstrated effi cacy, but no clear mechanism of action since their 
protective effects appear much sooner than conventional corticosteroid mechanism 
would allow. With the advent of 5-HT3 receptor antagonists, numerous studies 
examined the question of single-agent 5-HT3 receptor antagonist compared to cor-
ticosteroid combinations. The studies are summarized by Jantunen [ 47 ] and com-
bining 11 studies in a meta-analysis demonstrated the odds ratio of acute vomiting 
to be 0.42, strongly in favor of the combination arms. The Italian Group for 
Antiemetic Research went further to defi ne the optimal dosing of dexamethasone 
with 5-HT3 receptor antagonists both for highly emetogenic [ 48 ] and moderately 
emetogenic therapy [ 49 ].  

3.5.3     First-Generation 5-HT3 Antagonists Compared 

 The fi rst study to compare ondansetron to granisetron randomized 496 patients to 
receive either ondansetron 8 mg, ondansetron 32 mg, or granisetron 3 mg prior to 
cisplatin-based therapy [ 50 ]. No signifi cant difference was seen between any of the 
groups related to emesis, nausea, or adverse events. Multiple other studies com-
pared various doses or schedules of ondansetron with granisetron both as prophy-
laxis for highly emetogenic chemotherapy and for moderately emetogenic 
chemotherapy [ 51 – 56 ]. Other studies compared tropisetron [ 57 ,  58 ] as well as dola-
setron [ 59 – 61 ]. Despite numerous studies, no signifi cant differences emerged. Even 
large meta-analyses did not show any appreciable differences in clinical effi cacy 
and adverse events [ 62 ,  63 ], although in the larger analysis, tropisetron was not as 
effective as granisetron [ 63 ].  

3 First-Generation 5-HT3 Receptor Antagonists



54

3.5.4     Intravenous Compared to Oral Therapy 

 Oral forms of 5-HT3 receptor antagonists were developed shortly after the intrave-
nous forms and theoretically provide more convenient dosing. The agents are well 
absorbed and undergo some fi rst-pass metabolism although they are generally con-
served; the bioavailability of oral ondansetron is 59 % [ 18 ], granisetron 60 % [ 64 ], 
tropisetron 60 % [ 22 ], and dolasetron (hydrodolasetron) 76 % [ 65 ]. 

 Initial studies of oral 5-HT3 receptor antagonists examined ranges of oral doses 
and effi cacy was signifi cantly superior to historical placebo controls for ondanse-
tron [ 66 ], dolasetron [ 67 ], and granisetron [ 68 ]. A direct systematic comparison of 
the same agent, comparing intravenous and oral forms in large randomized studies 
was only performed in a single study. The Ondansetron Acute Emesis Study Group 
randomized 530 patients to receive a single dose of either oral ondansetron 24 mg 
or intravenous ondansetron 8 mg together with dexamethasone prior to cisplatin 
therapy [ 69 ]. The acute (<24 h) complete response rates (no emesis and no rescue 
medication) were 85 % and 83 % for the oral and intravenous groups, respectively. 
Further randomized studies compared different formulations and agents: oral 
granisetron was compared to intravenous ondansetron prior to highly emetogenic 
therapy [ 70 ] and prior to moderately emetogenic therapy [ 71 ]; oral ondansetron was 
compared to intravenous granisetron prior to cisplatin therapy [ 72 ]. All three studies 
showed no difference in emesis control between randomized arms. 

 Oral 5-HT3 receptor antagonists allowed the opportunity to explore the use of these 
agents beyond the fi rst day in an attempt to lessen delayed emesis. Some studies 
showed reduced delayed emesis with the use of 5-HT3 receptor antagonists beyond 
24 h [ 73 ], while others failed to show any benefi t [ 74 ]. A meta-analysis of ten random-
ized studies, including fi ve that used dexamethasone in the delayed setting and fi ve that 
did not, determined the reduction in emesis risk with longer treatment [ 75 ]. The abso-
lute emesis risk reduction for monotherapy was 8.2 % (95 % CI, 3.0–13.4 %), whereas 
the reduction was only 2.6 % (95 % CI, −0.6–5.8 %) with the use of dexamethasone. 

 Oral therapy also allowed the evaluation of these agents in other oncology settings, 
particularly in preventing radiation-induced emesis. In patients receiving fractionated 
upper abdominal radiation, a randomized study of 260 patients demonstrated signifi cant 
control of radiation-induced emesis with granisetron 2 mg daily compared with placebo 
[ 76 ]. Spitzer et al. [ 77 ] compared oral granisetron or ondansetron prior to total body 
irradiation to historical control patients. Emesis rates were signifi cantly reduced in 
patients receiving either 5-HT3 receptor antagonist compared to the historical controls.  

3.5.5     Summary of Characteristics of First-Generation 5-HT3 
Receptor Antagonists 

 The four fi rst-generation 5-HT3 receptor antagonists discussed here were derived 
from different processes but essentially exhibit more similarities than differences. 
These characteristics are listed below and are used as principles to formulate guide-
line recommendations for CINV prophylaxis:
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    (i)    They all contain an indole ring and are highly selective antagonists of the 
5-HT3 receptor.   

   (ii)    The elimination half-life is approximately 4–8 h.   
   (iii)    Oral formulations are well absorbed with an approximate 60 % bioavailabil-

ity and are equivalent to intravenous formulations.   
   (iv)    The lowest effective dose has been determined.   
   (v)    Antiemetic effi cacy is vastly superior to placebo for both highly and moder-

ately emetogenic chemotherapy.   
   (vi)    Antiemetic effi cacy is superior to older antiemetics except for high-dose 

metoclopramide.   
   (vii)    No signifi cant differences in antiemetic effi cacy are discernible between the 

four agents in individual studies.   
   (viii)    Antiemetic effi cacy is superior when combined with corticosteroids.   
   (ix)    Side effects are largely confi ned to constipation and headache, with no appre-

ciable increase in adverse events, even at escalated doses, although QTc pro-
longation has become a regulatory concern.       

3.6     Palonosetron: A Second-Generation 5-HT3 Antagonist 

 Unlike the first-generation 5-HT3 antagonists, palonosetron is not based on an 
indole moiety; rather it contains a fused tricyclic ring and a quinuclidine moi-
ety and has a half-life of approximately 40 h [ 28 ]. At the receptor level, it 
appears to bind to the 5-HT3 receptor more avidly than first-generation agents 
as well as exhibiting allosteric binding in contrast to the pure competitive bind-
ing seen with first- generation agents [ 78 ]. Further, it has been noted to cause 
receptor internalization [ 79 ], resulting in additional prolongation of duration of 
action. These unique properties are thought to account for some of the clinical 
efficacy differences seen in comparison to first-generation 5-HT3 receptor 
antagonists. 

 In the moderately emetogenic setting, palonosetron was compared to ondan-
setron [ 80 ] and dolasetron [ 81 ], respectively, in two double-blind randomized 
phase III trials. Both studies included three arms with only a single dose: palo-
nosetron 0.25 mg and 0.75 mg and fi rst-generation 5-HT3 receptor antagonist; 
no dexamethasone was administered as part of the protocol. Results from both 
studies demonstrated that a single dose of palonosetron (0.25 mg) was as effec-
tive as a single dose of a fi rst-generation 5-HT3 receptor antagonist in prevent-
ing acute CINV and superior in preventing delayed CINV. In a randomized study 
conducted in the highly emetogenic setting, palonosetron was as effective as 
ondansetron and in a subset of patients also treated with dexamethasone appeared 
more effective [ 82 ]. 

 Since the palonosetron registration studies were conducted without mandated 
corticosteroid therapy, the magnitude of benefi t of palonosetron over the fi rst- 
generation 5-HT3 receptor antagonists remained in question. A randomized study 
comparing palonosetron with dexamethasone to granisetron with dexamethasone in 
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patients receiving highly or moderately emetogenic therapy helped to defi ne the 
benefi t [ 83 ]. There was no difference in the acute phase, but in the delayed phase, 
approximately 12 % more patients were emesis-free in the palonosetron arm as 
compared to the granisetron arm for both highly and moderately emetogenic ther-
apy. Similar to fi rst-generation 5-HT3 receptor antagonists, oral palonosetron has 
high bioavailability and similar effi cacy to intravenous palonosetron with 0.5 mg 
being the preferred oral dose [ 84 ]. 

 The improved effi cacy observed with palonosetron has been attributed to the 
receptor-binding effects discussed above rather than the longer half-life, since 
administration of 5-HT3 receptor antagonists beyond day 1 results in negligible 
benefi t in emesis control [ 75 ].  

3.7     Novel Delivery Methods 

 Alternative routes of administration of fi rst-generation 5-HT3 receptor antagonists 
have been explored, including subcutaneous, intramuscular, rectal, transdermal, 
and nasal/buccal sprays. In general, bioavailability of any route has been high with 
comparable effi cacy where studied [ 85 ,  86 ]. Two delivery methods warrant further 
discussion: transdermal granisetron and polymer encapsulated slow-release 
granisetron. 

3.7.1     Transdermal Granisetron 

 A transdermal formulation of granisetron is approved in the USA for the preven-
tion of nausea and vomiting in patients receiving highly or moderately emetogenic 
chemotherapy. This granisetron transdermal delivery system is a 52 cm 2  patch con-
taining 34.3 mg of granisetron, which is delivered transdermally as 3.1 mg/24 h 
and essentially achieves a similar exposure to that of a 2 mg oral dose providing 
continuous delivery of granisetron over 6 days [ 87 ]. A randomized, double-blind 
study included 641 patients receiving chemotherapy and demonstrated that the 
transdermal delivery system was non-inferior to oral granisetron [ 88 ]. Although 
balanced between treatment arms, the patient population studied was heteroge-
neous in terms of emetogenicity of chemotherapy (high or moderate), prior che-
motherapy exposure and the use of corticosteroids. In addition, a strong limitation 
on the utility of this delivery system is the requirement to place patch 24 h before 
scheduled chemotherapy. Finally, since the benefi t of fi rst-generation 5-HT3 recep-
tor antagonists beyond the fi rst day of chemotherapy is limited [ 75 ], protracted 
delivery would appear to hold little advantage. Intuitively, such delivery systems 
may be more useful for preventing emesis from radiation or oral agents: no such 
studies have been conducted. Nevertheless, the transdermal system is approved in 
the USA and remains a potential choice for prevention of chemotherapy-induced 
nausea and vomiting.  
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3.7.2     Sustained-Release Subcutaneous Granisetron 

 APF530 is a subcutaneously administered polymeric formulation of granisetron that 
provides slow, controlled, and sustained release of granisetron [ 89 ]. APF530 comprises 
2 % granisetron and a polymer that is designed to undergo controlled hydrolysis, 
imparting the drug release characteristics. In a phase 3 non-inferiority trial, the clinical 
effi cacy of APF530 250 mg subcutaneously and 500 mg subcutaneously (containing 
granisetron 5 and 10 mg, respectively) was compared with 0.25 mg palonosetron intra-
venously in patients receiving moderately or highly emetogenic chemotherapy [ 90 ]. 
Patients were stratifi ed according to emetogenicity of chemotherapy and received 
study drug together with appropriate placebo (subcutaneous saline for palonosetron 
group; intravenous saline for APF530 group). All patients received guideline-appropri-
ate doses of dexamethasone. The study demonstrated non-inferiority of the 500 mg 
dose of APF530 compared with palonosetron in preventing CINV both in the acute and 
delayed setting. Since the classifi cation of emetogenicity in the initial study design was 
based on the older Hesketh algorithm [ 91 ], a reanalysis of the study was undertaken, 
using the latest American Society of Clinical Oncology emetogenic classifi cation [ 92 ]. 
The reanalysis confi rmed the initial fi ndings of non-inferiority of APF530 [ 93 ]. 

 The observations from the single study of APF530 question the mechanism used 
to explain the superiority of palonosetron over fi rst-generation 5-HT3 receptor 
antagonists: that receptor binding was more important than the extended half-life. A 
clear explanation to unify these observations will require further study.   

3.8     Conclusion 

 First-generation 5-HT3 receptor antagonists dramatically altered the delivery of 
cytotoxic chemotherapy, changing intolerable regimens to tolerable ones, shifting 
many chemotherapy regimens to the ambulatory setting, and improving quality of 
life for many patients. Further understandings of the mechanisms of emesis and 
clinical trial observations have allowed refi nements in their use; 5-HT3 receptor 
antagonists form the backbone of most antiemetic regimens. Improvements have 
also been seen with palonosetron and with newer agents such as neurokinin-1 recep-
tor inhibitors; however, nausea remains a persistent problem and will require further 
refi nements in the use of multiple agents, together with a better understanding of the 
mechanisms of chemotherapy-induced nausea to improve overall CINV control.    

    References 

     1.    Markman M (2002) Progress in preventing chemotherapy-induced nausea and vomiting. Cleve 
Clin J Med 69:609–610, 612, 615–7  

     2.    Roila F, Herrstedt J, Aapro M et al (2010) Guideline update for MASCC and ESMO in the 
prevention of chemotherapy- and radiotherapy-induced nausea and vomiting: results of the 
Perugia consensus conference. Ann Oncol 21(Suppl 5):v232–v243  

3 First-Generation 5-HT3 Receptor Antagonists



58

    3.    Kris MG, Gralla RJ, Clark RA et al (1985) Incidence, course, and severity of delayed nausea 
and vomiting following the administration of high-dose cisplatin. J Clin Oncol 3:1379–1384  

    4.    Thumas L (1891) Ueber das Brechcentrum und über die Wirkung einiger pharmakologischer 
Mittel auf dasselbe. Virchows Arch 123:44–69  

    5.    Wang SC, Borison HL (1950) The vomiting center; a critical experimental analysis. Arch 
Neurol Psychiatry 63:928–941  

    6.    Koga T, Fukuda H (1992) Neurons in the nucleus of the solitary tract mediating inputs from 
emetic vagal afferents and the area postrema to the pattern generator for the emetic act in dogs. 
Neurosci Res 14:166–179  

     7.    Andrews PL, Davis CJ, Bingham S et al (1990) The abdominal visceral innervation and the 
emetic refl ex: pathways, pharmacology, and plasticity. Can J Physiol Pharmacol 68:325–345  

    8.    Leslie RA, Shah Y, Thejomayen M et al (1990) The neuropharmacology of emesis: the role of 
receptors in neuromodulation of nausea and vomiting. Can J Physiol Pharmacol 68:279–288  

    9.    Kris MG, Gralla RJ, Tyson LB et al (1985) Improved control of cisplatin-induced emesis with 
high-dose metoclopramide and with combinations of metoclopramide, dexamethasone, and 
diphenhydramine. Results of consecutive trials in 255 patients. Cancer 55:527–534  

    10.    Butler A, Hill JM, Ireland SJ et al (1988) Pharmacological properties of GR38032F, a novel 
antagonist at 5-HT3 receptors. Br J Pharmacol 94:397–412  

    11.    Fozard JR, Mobarok Ali AT, Newgrosh G (1979) Blockade of serotonin receptors on auto-
nomic neurones by (-)-cocaine and some related compounds. Eur J Pharmacol 59:195–210  

    12.    Buchheit KH, Costall B, Engel G et al (1985) 5-Hydroxytryptamine receptor antagonism by 
metoclopramide and ICS 205–930 in the guinea-pig leads to enhancement of contractions of 
stomach muscle strips induced by electrical fi eld stimulation and facilitation of gastric empty-
ing in-vivo. J Pharm Pharmacol 37:664–667  

    13.   Yan D, Schulte MK, Bloom KE et al (1999) Structural features of the ligand-binding domain 
of the serotonin 5-HT3 receptor. J Biol Chem 274:5537–5541  

    14.   National Center for Biotechnology Information. PubChem Compound Database; CID = 4595. 
  http://pubchem.ncbi.nlm.nih.gov/compound/ondansetron#section=Top    . Accessed 11 Feb 2015  

   15.   National Center for Biotechnology Information (2015) PubChem Compound Database; CID = 
3148.   http://pubchem.ncbi.nlm.nih.gov/compound/3148    . Accessed 11 Feb 2015  

   16.   National Center for Biotechnology Information (2015) PubChem Compound Database; CID = 
656665.   http://pubchem.ncbi.nlm.nih.gov/compound/tropisetron    . Accessed 11 Feb 2015  

    17.   National Center for Biotechnology Information (2015) PubChem Compound Database; CID = 
5284566.   http://pubchem.ncbi.nlm.nih.gov/compound/granisetron    . Accessed 11 Feb 2015  

     18.    Blackwell CP, Harding SM (1989) The clinical pharmacology of ondansetron. Eur J Cancer 
Clin Oncol 25(Suppl 1):S21–S24, discussion S25–7  

     19.    Pritchard JF, Bryson JC, Kernodle AE et al (1992) Age and gender effects on ondansetron 
pharmacokinetics: evaluation of healthy aged volunteers. Clin Pharmacol Ther 51:51–55  

    20.    Zuo P, Haberer LJ, Fang L et al (2014) Integration of modeling and simulation to support 
changes to ondansetron dosing following a randomized, double-blind, placebo-, and active- 
controlled thorough QT study. J Clin Pharmacol 54:1221–1229  

    21.    Boxenbaum H, Gillespie T, Heck K et al (1992) Human dolasetron pharmacokinetics: 
I. Disposition following single-dose intravenous administration to normal male subjects. 
Biopharm Drug Dispos 13:693–701  

     22.    Kees F, Farber L, Bucher M et al (2001) Pharmacokinetics of therapeutic doses of tropisetron 
in healthy volunteers. Br J Clin Pharmacol 52:705–707  

    23.    Kim MK, Cho JY, Lim HS et al (2003) Effect of the CYP2D6 genotype on the pharmacokinet-
ics of tropisetron in healthy Korean subjects. Eur J Clin Pharmacol 59:111–116  

    24.    Carmichael J, Cantwell BM, Edwards CM et al (1989) A pharmacokinetic study of granisetron 
(BRL 43694A), a selective 5-HT3 receptor antagonist: correlation with anti-emetic response. 
Cancer Chemother Pharmacol 24:45–49  

    25.    Clark RD, Miller AB, Berger J et al (1993) 2-(Quinuclidin-3-yl)pyrido[4,3-b]indol-1-ones and 
isoquinolin-1-ones. Potent conformationally restricted 5-HT3 receptor antagonists. J Med 
Chem 36:2645–2657  

R. Chen et al.

http://pubchem.ncbi.nlm.nih.gov/compound/ondansetron#section=Top
http://pubchem.ncbi.nlm.nih.gov/compound/3148
http://pubchem.ncbi.nlm.nih.gov/compound/tropisetron
http://pubchem.ncbi.nlm.nih.gov/compound/granisetron


59

    26.   National Center for Biotechnology Information (2015) PubChem Compound Database; CID = 
6337614.   http://pubchem.ncbi.nlm.nih.gov/compound/Palonosetron    . Accessed 11 Feb 2015  

    27.    Yavas C, Dogan U, Yavas G et al (2012) Acute effect of palonosetron on electrocardiographic 
parameters in cancer patients: a prospective study. Support Care Cancer 20:2343–2347  

     28.    Yang LP, Scott LJ (2009) Palonosetron: in the prevention of nausea and vomiting. Drugs 
69:2257–2278  

    29.    Cubeddu LX, Hoffmann IS, Fuenmayor NT et al (1990) Effi cacy of ondansetron (GR 38032F) 
and the role of serotonin in cisplatin-induced nausea and vomiting. N Engl J Med 
322:810–816  

    30.    Cupissol DR, Serrou B, Caubel M (1990) The effi cacy of granisetron as a prophylactic anti- 
emetic and intervention agent in high-dose cisplatin-induced emesis. Eur J Cancer 26(Suppl 
1):S23–S27  

    31.    Cubeddu LX, Hoffman IS, Fuenmayor NT et al (1990) Antagonism of serotonin S3 receptors 
with ondansetron prevents nausea and emesis induced by cyclophosphamide-containing che-
motherapy regimens. J Clin Oncol 8:1721–1727  

    32.    Ikeda M, Taguchi T, Ota K et al (1992) Evaluation of SN-307 (ondansetron), given intrave-
nously in the treatment of nausea and vomiting caused by anticancer drugs including cisplatin – 
a placebo-controlled, double-blind comparative study. Gan To Kagaku Ryoho 19:2071–2084  

    33.    Kondo M, Furue H, Taguchi T et al (1995) Clinical phase III study of tropisetron capsule in the 
treatment of nausea and vomiting induced by anti-cancer drug; a placebo-controlled, multi-
center, double-blind comparative study. Gan To Kagaku Ryoho 22:1223–1234  

    34.    McVie JG, de Bruijn KM (1992) Methodology of antiemetic trials. Drugs 43(Suppl 3):1–5  
    35.    Kris MG, Cubeddu LX, Gralla RJ et al (1996) Are more antiemetic trials with a placebo neces-

sary? Report of patient data from randomized trials of placebo antiemetics with cisplatin. 
Cancer 78:2193–2198  

    36.    Grunberg SM, Lane M, Lester EP et al (1993) Randomized double-blind comparison of three 
dose levels of intravenous ondansetron in the prevention of cisplatin-induced emesis. Cancer 
Chemother Pharmacol 32:268–272  

    37.    Riviere A (1994) Dose fi nding study of granisetron in patients receiving high-dose cisplatin 
chemotherapy. The Granisetron Study Group. Br J Cancer 69:967–971  

    38.    Soukop M (1994) A dose-fi nding study of granisetron, a novel antiemetic, in patients receiving 
high-dose cisplatin. Granisetron Study Group. Support Care Cancer 2:177–183  

    39.    Van Belle SJ, Stamatakis L, Bleiberg H et al (1994) Dose-fi nding study of tropisetron in 
cisplatin- induced nausea and vomiting. Ann Oncol 5:821–825  

    40.    Kris MG, Grunberg SM, Gralla RJ et al (1994) Dose-ranging evaluation of the serotonin antag-
onist dolasetron mesylate in patients receiving high-dose cisplatin. J Clin Oncol 
12:1045–1049  

    41.    Hainsworth J, Harvey W, Pendergrass K et al (1991) A single-blind comparison of intravenous 
ondansetron, a selective serotonin antagonist, with intravenous metoclopramide in the preven-
tion of nausea and vomiting associated with high-dose cisplatin chemotherapy. J Clin Oncol 
9:721–728  

    42.    De Mulder PH, Seynaeve C, Vermorken JB et al (1990) Ondansetron compared with high-dose 
metoclopramide in prophylaxis of acute and delayed cisplatin-induced nausea and vomiting. A 
multicenter, randomized, double-blind, crossover study. Ann Intern Med 113:834–840  

    43.    Marty M, Pouillart P, Scholl S et al (1990) Comparison of the 5-hydroxytryptamine3 (sero-
tonin) antagonist ondansetron (GR 38032F) with high-dose metoclopramide in the control of 
cisplatin-induced emesis. N Engl J Med 322:816–821  

    44.    Warr D, Willan A, Fine S et al (1991) Superiority of granisetron to dexamethasone plus pro-
chlorperazine in the prevention of chemotherapy-induced emesis. J Natl Cancer Inst 
83:1169–1173  

     45.    Marty M (1992) A comparison of granisetron as a single agent with conventional combination 
antiemetic therapies in the treatment of cytostatic-induced emesis. The Granisetron Study 
Group. Eur J Cancer 28A(Suppl 1):S12–S16  

3 First-Generation 5-HT3 Receptor Antagonists

http://pubchem.ncbi.nlm.nih.gov/compound/Palonosetron


60

    46.    Warr D, Wilan A, Venner P et al (1992) A randomised, double-blind comparison of granisetron 
with high-dose metoclopramide, dexamethasone and diphenhydramine for cisplatin-induced 
emesis. An NCI Canada Clinical Trials Group Phase III Trial. Eur J Cancer 29A:33–36  

    47.    Jantunen IT, Kataja VV, Muhonen TT (1997) An overview of randomised studies comparing 
5-HT3 receptor antagonists to conventional anti-emetics in the prophylaxis of acute 
chemotherapy- induced vomiting. Eur J Cancer 33:66–74  

    48.   Double-blind, dose-fi nding study of four intravenous doses of dexamethasone in the preven-
tion of cisplatin-induced acute emesis. Italian Group for Antiemetic Research (1998) J Clin 
Oncol 16:2937–2942  

    49.   Randomized, double-blind, dose-fi nding study of dexamethasone in preventing acute emesis 
induced by anthracyclines, carboplatin, or cyclophosphamide (2004) J Clin Oncol 22:725–729  

    50.    Ruff P, Paska W, Goedhals L et al (1994) Ondansetron compared with granisetron in the pro-
phylaxis of cisplatin-induced acute emesis: a multicentre double-blind, randomised, parallel- 
group study. The Ondansetron and Granisetron Emesis Study Group. Oncology 51:113–118  

    51.    Noble A, Bremer K, Goedhals L et al (1994) A double-blind, randomised, crossover compari-
son of granisetron and ondansetron in 5-day fractionated chemotherapy: assessment of effi cacy, 
safety and patient preference. The Granisetron Study Group. Eur J Cancer 30A:1083–1088  

   52.   Ondansetron versus granisetron, both combined with dexamethasone, in the prevention of cis-
platin-induced emesis. Italian Group of Antiemetic Research (1995) Ann Oncol 6:805–810  

   53.    Bonneterre J, Hecquet B (1995) Granisetron (IV) compared with ondansetron (IV plus oral) in 
the prevention of nausea and vomiting induced by moderately-emetogenic chemotherapy. A 
cross-over study. Bull Cancer 82:1038–1043  

   54.    Navari R, Gandara D, Hesketh P et al (1995) Comparative clinical trial of granisetron and 
ondansetron in the prophylaxis of cisplatin-induced emesis. The Granisetron Study Group. 
J Clin Oncol 13:1242–1248  

   55.    Stewart A, McQuade B, Cronje JD et al (1995) Ondansetron compared with granisetron in the 
prophylaxis of cyclophosphamide-induced emesis in out-patients: a multicentre, double-blind, 
double-dummy, randomised, parallel-group study. Emesis Study Group for Ondansetron and 
Granisetron in Breast Cancer Patients. Oncology 52:202–210  

    56.    Martoni A, Angelelli B, Guaraldi M et al (1996) An open randomised cross-over study on 
granisetron versus ondansetron in the prevention of acute emesis induced by moderate dose 
cisplatin-containing regimens. Eur J Cancer 32A:82–85  

    57.    Chua DT, Sham JS, Kwong DL et al (2000) Comparative effi cacy of three 5-HT3 antagonists 
(granisetron, ondansetron, and tropisetron) plus dexamethasone for the prevention of cisplatin- 
induced acute emesis: a randomized crossover study. Am J Clin Oncol 23:185–191  

    58.    Oge A, Alkis N, Oge O et al (2000) Comparison of granisetron, ondansetron and tropisetron 
for control of vomiting and nausea induced by cisplatin. J Chemother 12:105–108  

    59.    Audhuy B, Cappelaere P, Martin M et al (1996) A double-blind, randomised comparison of the 
anti-emetic effi cacy of two intravenous doses of dolasetron mesylate and granisetron in 
patients receiving high dose cisplatin chemotherapy. Eur J Cancer 32A:807–813  

   60.    Fauser AA, Duclos B, Chemaissani A et al (1996) Therapeutic equivalence of single oral doses 
of dolasetron mesylate and multiple doses of ondansetron for the prevention of emesis after 
moderately emetogenic chemotherapy. European Dolasetron Comparative Study Group. Eur 
J Cancer 32A:1523–1529  

    61.    Lofters WS, Pater JL, Zee B et al (1997) Phase III double-blind comparison of dolasetron 
mesylate and ondansetron and an evaluation of the additive role of dexamethasone in the pre-
vention of acute and delayed nausea and vomiting due to moderately emetogenic chemother-
apy. J Clin Oncol 15:2966–2973  

    62.    Hesketh PJ (2000) Comparative review of 5-HT3 receptor antagonists in the treatment of acute 
chemotherapy-induced nausea and vomiting. Cancer Investig 18:163–173  

     63.    Jordan K, Hinke A, Grothey A et al (2007) A meta-analysis comparing the effi cacy of four 
5-HT3-receptor antagonists for acute chemotherapy-induced emesis. Support Care Cancer 
15:1023–1033  

R. Chen et al.



61

    64.    Clarke SE, Austin NE, Bloomer JC et al (1994) Metabolism and disposition of 14C-granisetron 
in rat, dog and man after intravenous and oral dosing. Xenobiotica 24:1119–1131  

    65.    Dimmitt DC, Choo YS, Martin LA et al (1999) Intravenous pharmacokinetics and absolute 
oral bioavailability of dolasetron in healthy volunteers: part 1. Biopharm Drug Dispos 
20:29–39  

    66.    Needles B, Miranda E, Garcia Rodriguez FM et al (1999) A multicenter, double-blind, ran-
domized comparison of oral ondansetron 8 mg b.i.d., 24 mg q.d., and 32 mg q.d. in the preven-
tion of nausea and vomiting associated with highly emetogenic chemotherapy. S3AA3012 
Study Group. Support Care Cancer 7:347–353  

    67.    Rubenstein EB, Gralla RJ, Hainsworth JD et al (1997) Randomized, double blind, dose- 
response trial across four oral doses of dolasetron for the prevention of acute emesis after 
moderately emetogenic chemotherapy. Oral Dolasetron Dose-Response Study Group. Cancer 
79:1216–1224  

    68.    Bleiberg HH, Spielmann M, Falkson G et al (1995) Antiemetic treatment with oral granisetron 
in patients receiving moderately emetogenic chemotherapy: a dose-ranging study. Clin Ther 
17:38–51  

    69.    Krzakowski M, Graham E, Goedhals L et al (1998) A multicenter, double-blind comparison of 
i.v. and oral administration of ondansetron plus dexamethasone for acute cisplatin-induced 
emesis. Ondansetron Acute Emesis Study Group. Anticancer Drugs 9:593–598  

    70.    Gralla RJ, Navari RM, Hesketh PJ et al (1998) Single-dose oral granisetron has equivalent 
antiemetic effi cacy to intravenous ondansetron for highly emetogenic cisplatin-based chemo-
therapy. J Clin Oncol 16:1568–1573  

    71.    Perez EA, Hesketh P, Sandbach J et al (1998) Comparison of single-dose oral granisetron 
versus intravenous ondansetron in the prevention of nausea and vomiting induced by moder-
ately emetogenic chemotherapy: a multicenter, double-blind, randomized parallel study. J Clin 
Oncol 16:754–760  

    72.    Spector JI, Lester EP, Chevlen EM et al (1998) A comparison of oral ondansetron and intrave-
nous granisetron for the prevention of nausea and emesis associated with cisplatin-based che-
motherapy. Oncologist 3:432–438  

    73.    Navari RM, Madajewicz S, Anderson N et al (1995) Oral ondansetron for the control of 
cisplatin- induced delayed emesis: a large, multicenter, double-blind, randomized comparative 
trial of ondansetron versus placebo. J Clin Oncol 13:2408–2416  

    74.    Olver I, Paska W, Depierre A et al (1996) A multicentre, double-blind study comparing pla-
cebo, ondansetron and ondansetron plus dexamethasone for the control of cisplatin-induced 
delayed emesis. Ondansetron Delayed Emesis Study Group. Ann Oncol 7:945–952  

      75.    Geling O, Eichler HG (2005) Should 5-hydroxytryptamine-3 receptor antagonists be adminis-
tered beyond 24 hours after chemotherapy to prevent delayed emesis? Systematic re- evaluation 
of clinical evidence and drug cost implications. J Clin Oncol 23:1289–1294  

    76.    Lanciano R, Sherman DM, Michalski J et al (2001) The effi cacy and safety of once-daily 
Kytril (granisetron hydrochloride) tablets in the prophylaxis of nausea and emesis following 
fractionated upper abdominal radiotherapy. Cancer Invest 19:763–772  

    77.    Spitzer TR, Friedman CJ, Bushnell W et al (2000) Double-blind, randomized, parallel-group 
study on the effi cacy and safety of oral granisetron and oral ondansetron in the prophylaxis of 
nausea and vomiting in patients receiving hyperfractionated total body irradiation. Bone 
Marrow Transplant 26:203–210  

    78.    Rojas C, Stathis M, Thomas AG et al (2008) Palonosetron exhibits unique molecular interac-
tions with the 5-HT3 receptor. Anesth Analg 107:469–478  

    79.    Rojas C, Thomas AG, Alt J et al (2010) Palonosetron triggers 5-HT(3) receptor internalization 
and causes prolonged inhibition of receptor function. Eur J Pharmacol 626:193–199  

    80.    Gralla R, Lichinitser M, Van Der Vegt S et al (2003) Palonosetron improves prevention of 
chemotherapy-induced nausea and vomiting following moderately emetogenic chemotherapy: 
results of a double-blind randomized phase III trial comparing single doses of palonosetron 
with ondansetron. Ann Oncol 14:1570–1577  

3 First-Generation 5-HT3 Receptor Antagonists



62

    81.    Eisenberg P, Figueroa-Vadillo J, Zamora R et al (2003) Improved prevention of moderately 
emetogenic chemotherapy-induced nausea and vomiting with palonosetron, a pharmacologi-
cally novel 5-HT3 receptor antagonist: results of a phase III, single-dose trial versus dolase-
tron. Cancer 98:2473–2482  

    82.    Aapro MS, Grunberg SM, Manikhas GM et al (2006) A phase III, double-blind, randomized 
trial of palonosetron compared with ondansetron in preventing chemotherapy-induced nausea 
and vomiting following highly emetogenic chemotherapy. Ann Oncol 17:1441–1449  

    83.    Saito M, Aogi K, Sekine I et al (2009) Palonosetron plus dexamethasone versus granisetron 
plus dexamethasone for prevention of nausea and vomiting during chemotherapy: a double- 
blind, double-dummy, randomised, comparative phase III trial. Lancet Oncol 10:115–124  

    84.    Boccia R, Grunberg S, Franco-Gonzales E et al (2013) Effi cacy of oral palonosetron compared 
to intravenous palonosetron for the prevention of chemotherapy-induced nausea and vomiting 
associated with moderately emetogenic chemotherapy: a phase 3 trial. Support Care Cancer 
21:1453–1460  

    85.    Gurpide A, Sadaba B, Martin-Algarra S et al (2007) Randomized crossover pharmacokinetic 
evaluation of subcutaneous versus intravenous granisetron in cancer patients treated with 
platinum- based chemotherapy. Oncologist 12:1151–1155  

    86.    Roila F, Del Favero A (1995) Ondansetron clinical pharmacokinetics. Clin Pharmacokinet 
29:95–109  

    87.    Howell J, Smeets J, Drenth HJ et al (2009) Pharmacokinetics of a granisetron transdermal 
system for the treatment of chemotherapy-induced nausea and vomiting. J Oncol Pharm Pract 
15:223–231  

    88.    Boccia RV, Gordan LN, Clark G et al (2011) Effi cacy and tolerability of transdermal granise-
tron for the control of chemotherapy-induced nausea and vomiting associated with moderately 
and highly emetogenic multi-day chemotherapy: a randomized, double-blind, phase III study. 
Support Care Cancer 19:1609–1617  

    89.    Heller J, Barr J (2005) Biochronomer technology. Expert Opin Drug Deliv 2:169–183  
    90.    Raftopoulos H, Cooper W, O’Boyle E et al (2015) Comparison of an extended-release formu-

lation of granisetron (APF530) versus palonosetron for the prevention of chemotherapy- 
induced nausea and vomiting associated with moderately or highly emetogenic chemotherapy: 
results of a prospective, randomized, double-blind, noninferiority phase 3 trial. Support Care 
Cancer 23:723–732  

    91.    Hesketh PJ, Kris MG, Grunberg SM et al (1997) Proposal for classifying the acute emetoge-
nicity of cancer chemotherapy. J Clin Oncol 15:103–109  

    92.    Basch E, Prestrud AA, Hesketh PJ et al (2011) Antiemetics: American Society of Clinical 
Oncology clinical practice guideline update. J Clin Oncol 29:4189–4198  

    93.    Raftopoulos H, Boccia RV, Cooper W et al (2014) A prospective, randomized, double-blind 
phase 3 trial of extended-release granisetron (APF530) versus palonosetron (PALO) for pre-
venting chemotherapy-induced nausea and vomiting (CINV) associated with moderately 
(MEC) or highly (HEC) emetogenic chemotherapy: does a reanalysis using newer ASCO 
emetogenicity criteria affect study conclusions? ASCO Meet Abstr 32:9648    

R. Chen et al.



63© Springer International Publishing Switzerland 2016 
R.M. Navari (ed.), Management of Chemotherapy-Induced Nausea 
and Vomiting: New Agents and New Uses of Current Agents, 
DOI 10.1007/978-3-319-27016-6_4

    Chapter 4   
 Palonosetron                     

       Lee     Schwartzberg     

        With the recognition that the 5-hydroxytryptamine receptor was important in mediating 
cisplatin-induced emesis, work at several pharmaceutical companies focused on creat-
ing drugs that interfered with serotonin binding utilizing a variety of medicinal chemis-
try strategies. The fi rst-generation 5-hydroxytryptamine receptor antagonists (5-HT 3  
RAs) ondansetron, granisetron, tropisetron, and dolasetron were structurally similar 
and showed activity in preventing chemotherapy-induced nausea and vomiting. 
However, complete response during the acute phase after cisplatin was achieved in only 
50–70 % of patients and was substantially less effective in the delayed phase for control 
of both emesis and nausea. The fi rst-generation 5-HT 3  RAs do not improve control of 
delayed CINV over dexamethasone alone [ 1 ], nor does prolonged administration pro-
vide much additional benefi t [ 2 ]. In addition, the fi rst-generation 5-HT 3  RAs were 
therapeutically equivalent with several large trials comparing these drugs to one another 
demonstrating similar effi cacy [ 3 ,  4 ]. A plateau in 5-HT 3  RA activity had been reached. 
Efforts persisted to fi nd potentially more active agents based on the understanding of 
the central importance of this specifi c serotonin receptor in ameliorating chemotherapy-
induced emesis. 

4.1     Development of Palonosetron 

 In 1993 researchers at Syntex Research in Palo Alto, California, created a new class 
of 5-HT 3  RAs [ 5 ] by making various substitutions to the chemical structure of the 
fi rst-generation 5-HT 3  RAs and exploring their interactions with the 5-HT 3  receptor. 
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The highest-affi nity compound, consisting chemically of a conformationally 
restrained alkano-bridged quinolone, was termed palonosetron, named for the place 
of discovery. Most 5-HT 3  RAs incorporate a three substituted indole resembling 
serotonin, whereas palonosetron is a fi xed tricyclic ring attached to an isoquinolone 
moiety yielding a substantially different chemical structure (Fig.  4.1 ).

   Palonosetron displays several pharmacologic characteristics which differ from 
other fi rst-generation 5-HT 3  RAs which may account for its clinical distinction. The 
binding affi nity of palonosetron is 2,500-fold higher than that of serotonin [ 6 ]. It has 
a much higher affi nity constant (PK 1  = 10.45) for the 5-HT 3  receptor than the fi rst- 
generation agents which are at least tenfold lower [ 7 ,  8 ]. The plasma half-life of 
palonosetron is approximately 40 h, while the other fi rst-generation 5-HT 3  receptor 
antagonist’s half-life ranges from 5 to 12 h [ 9 ,  10 ]. It is excreted predominantly in 
the urine, with much of the parent compound excreted unmetabolized in contrast to 
ondansetron which is heavily metabolized [ 11 ]. 

 In addition to these pharmacokinetic differences, palonosetron displays qualita-
tive and quantitative biologic and physiologic differences from the other agents. 
Using tritium-labeled palonosetron, granisetron, and ondansetron, Rojas et al. [ 12 ] 
demonstrated that palonosetron acts as an allosteric antagonist with positive coop-
erativity. Palonosetron binds to additional sites in the 5-HT 3  receptor besides the 
ones that bind ondansetron or granisetron inducing a conformational change. 
Additionally, receptor-associated palonosetron is retained in cell culture experi-
ments after prolonged dilution and washings suggesting that the bound palonose-
tron is internalized [ 13 ]. 

 Support for a functional consequence of allosteric binding comes from experi-
ments demonstrating that granisetron and ondansetron as well as palonosetron 
inhibit calcium iron infl ux through the serotonin receptor. Calcium infl ux is the 
normal physiologic effect representative of serotonin receptor-triggered signaling 
when cells are preincubated with granisetron or ondansetron and then rinsed mul-
tiple times to remove any trace of the drug, they recover the ability to respond to 
serotonin. In contrast, when palonosetron is preincubated and cells are washed, 
interference with calcium infl ux is retained. These effects were not seen when 
ondansetron was used as the binding agent to the 5-HT 3  receptor and was minimal 
with  granisetron. Long-term calcium infl ux inhibition may represent one reason 
why palonosetron is a more effective drug than the fi rst-generation agents. 
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 In further experiments, the same group demonstrated conclusive evidence of recep-
tor internalization when cells were exposed to palonosetron but minimal internaliza-
tion with granisetron and none with ondansetron [ 14 ]. The palonosetron- receptor 
complex remains internalized for at least 25 h after exposure to palonosetron, indicat-
ing that it interferes with receptor exocytosis, in contrast to serotonin where exocytosis 
and renewal of the cell membrane-associated receptor occur [ 15 ]. Overall, the palono-
setron-5-HT 3  interaction leads to reduced receptor density at the cell surface and may 
be an additional explanation for the prolonged inhibition of receptor function. 

 An alternative hypothesis to explain the prolonged effect of palonosetron was 
proposed by another group of investigators who showed that palonosetron induced 
a long-term inhibition of the number of available 5-HT 3  receptor-binding sites due 
to slow disassociation from the receptor [ 16 ]. Palonosetron did not actually reduce 
cell surface expression of 5-HT 3  receptors and did not affect the rate of receptor 
endocytosis in these series of experiments. The investigators proposed that palono-
setron works by pseudo-irreversible interactions with the 5-HT 3  receptors rather 
than receptor-ligand internalization. 

 Cross talk between NK1 and 5-HT 3  receptor signaling pathways has been 
reported by several different groups of investigators [ 17 – 19 ]. NK1 antagonists 
block vagal afferent activation by substance P, and 5-HT 3  receptor antagonists block 
vagal afferent activation by serotonin. This cross talk raises the possibility that palo-
nosetron’s unique effi cacy as a 5-HT 3  receptor antagonist may be in part due to 
differential inhibition of the cross talk. In both in vitro and in vivo experiments, 
palonosetron inhibited NK1 receptor activation from substance P, a potent NK1 
agonist [ 13 ]. This inhibition was dose dependent and was not seen in parallel exper-
iments with granisetron or ondansetron. Taken together, palonosetron is a structur-
ally unique, pharmacologically distinct agent with various different properties from 
the fi rst-generation 5-HT 3  RAs which underlie its clinical differentiation (Table  4.1 ).

   Palonosetron’s interaction with NK1 was further evaluated experimentally using 
the potent NK1 antagonist netupitant [ 20 ]. Palonosetron exhibited a synergistic 
effect on inhibition of the substance P response in the presence of netupitant. The 
effect occurred using concentrations of each receptor antagonist below the threshold 
of inhibition of the substance P response and also concentrations where maximal 
inhibition of the substance P response was observed suggesting that in vivo the 
effect was clinically relevant. 

   Table 4.1    Summary of comparison among palonosetron, ondansetron, and granisetron   

 Palonosetron  Ondansetron  Granisetron 

 Plasma half-life (h)  >40  5–6  12 
 Binding affi nity (pK i )  10.45  8.19  8.91 
 Positive cooperativity  Yes  No  No 
 Inhibition of receptor function  Long lasting  Short lasting  Short lasting 
 Receptor internalization  Yes  No  No 
 Inhibition of 5-HT 3 /NK 1  receptor cross 
talk 

 Yes  No  No 

  Ref: [ 15 ]  
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 Palonosetron does not inhibit or induce cytochrome P450 isoenzymes at clini-
cally relative concentrations and has a low potential for drug interactions. Its route 
of excretion is equally contributed by renal and hepatic function [ 9 ,  11 ]. Total body 
clearance of palonosetron is not signifi cantly affected by gender, age, hepatic 
impairment, renal impairment, or concomitant medications [ 21 ]. Palonosetron is 
physically and chemically stable in common infusion solutions in PVC bags and is 
stable when administered with dexamethasone in syringes and PVC bags.  

4.2     Safety 

 Palonosetron exhibits the same class-related adverse affects as the fi rst-generation 
5-HT 3  RAs. In a meta-analysis of safety signals [ 22 ], there was no statistical difference 
between palonosetron and other agents in rates of constipation, headache, and diar-
rhea, the most common treatment-emergent adverse events. Dizziness was statistically 
less common in patients receiving palonosetron, OR 2.15, 95 % CI 1.05–4.41,  p  = 0.04. 

 Prolongation of the QTc interval has been recognized as a toxicity of some of the 
fi rst-generation antagonists. Palonosetron has been carefully evaluated for cardiac 
effects in cancer patients. Several groups have reported no signifi cant difference in 
a variety of electrocardiographic parameters, including the QTc interval [ 23 – 25 ]. 
Three RCTs of palonosetron vs. other 5-HT 3  RAs included in the meta-analysis 
demonstrated minimal and signifi cantly less mean QTc interval prolongation for 
palonosetron,  p  = 0.002 [ 22 ].  

4.3     Clinical Development of Palonosetron 

 A phase 2 dose-ranging study was performed with weight-based single IV dosing 
[ 26 ]. Complete response rates in the 40–50 % range were observed with doses rang-
ing from 3 to 90 mcg/kg. Pharmacokinetic studies revealed a prolonged plasma 
half-life of approximately 40 h. Based on this trial, dose selection for the phase 3 
trials was selected at fi xed doses of 0.25 mg (approximately 3 mcg/kg) and 0.75 mg 
(approximately 10 mcg/kg). 

 Palonosetron was compared to the fi rst-generation 5-HT 3  RAs in two multicentered 
multinational randomized double-blind phase 3 studies with identical study designs 
utilizing moderately emetogenic chemotherapy (MEC) including anthracyclines and 
cyclophosphamide [ 27 ,  28 ]. Patients received a single IV dose of palonosetron, either 
0.25 mg or 0.75 mg intravenously, or ondansetron 32 mg IV as the active comparator 
in study 1 or dolasetron 100 mg IV in study 2. The primary endpoint for each of these 
trials was complete response (CR), defi ned as no emesis and no use of rescue medica-
tion, during the acute phase lasting 0–24 h from  chemotherapy. Secondary endpoints 
included complete response and complete control (CC), defi ned as no emesis, no use 
of rescue medications, and no signifi cant nausea in the delayed phase, from 24 to 
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120 h after chemotherapy. In the MEC-1 trial about half of the patients had breast 
cancer and two-thirds received cyclophosphamide with half also receiving anthracy-
clines [ 27 ]. The acute phase CR rate was 81 % for palonosetron 0.25 mg compared to 
69 % for ondansetron, and the delayed CR rate was 75 % for palonosetron vs. 55 % 
for ondansetron both endpoints statistically signifi cant. The overall phase CR rates for 
palonosetron were 69 % vs. 50 %, with all endpoints statistically signifi cant. Complete 
control was improved in the delayed and overall phases, and number of emetic epi-
sodes was signifi cantly reduced with superiority for palonosetron as well. Treatment-
related adverse events were similar across arms: approximately 5 % of patients in both 
palonosetron and ondansetron arms experienced headaches, 1.6–3.2 % had constipa-
tion, and a few patients in each arm experienced dizziness. 

 The MEC-2 trial had an identical design except the active comparator was dola-
setron [ 28 ]. Additional prophylactic corticosteroids were permitted in this study, but 
only 5.4 % of patients received such in a balanced fashion. In MEC-2, two-thirds of 
patients had breast cancer and half received AC. Complete response was 63.0 % vs. 
52.9 % in the acute phase, 54.0 % vs. 38.7 % in the delayed phase, both statistically 
signifi cant and also signifi cant for the overall phase, 46.0 % vs. 34.0 % for palono-
setron 0.25 mg vs. dolasetron, respectively. Signifi cantly improved CC rate in the 
delayed phase and overall 5-day period study were also observed. Suppression of all 
emesis was statistically signifi cant superior at all time points for palonosetron vs. 
dolasetron. Toxicity was similar across arms, but in MEC-2 more headache, 14.6–
16.5 %, and constipation, 6.2–9.2 %, were reported. A pooled analysis of the two 
MEC studies [ 29 ] revealed 72 % complete response rate for palonosetron 0.25 mg 
compared to 60.6 % for the fi rst-generation comparator, 64.0 % vs. 46.8 % in 
delayed phase and 57.7 % vs. 42.0 % overall, all statistically signifi cant at  p  < 0.025. 

 The highly emetogenic (HEC) trial compared palonosetron at both doses of 
0.25 mg and 0.75 mg to ondansetron 32 mg IV as the active comparator [ 30 ]. Two- 
thirds of patients in this study received corticosteroids in addition to the 5-HT 3  
RA. The majority of patients received cisplatin chemotherapy at  > 60 mg/m 2 . Overall, 
neither dose of palonosetron achieved a statistically signifi cantly higher delayed 
complete response rate than ondansetron, but numerically a slight advantage was 
seen for both doses. For patients receiving concomitant dexamethasone on day 1, 
both delayed and acute CR rates were signifi cantly better for palonosetron 0.25 mg. 
Delayed and overall emesis rates were also signifi cantly better for palonosetron. 

 A study conducted by Saito et al. in Japan [ 31 ] compared palonosetron at the 
0.75 mg dose plus dexamethasone to granisetron plus dexamethasone with co- primary 
endpoints of noninferiority of CR rates during the acute phase and superiority during 
the delayed phase. Patients received anthracycline and cyclophosphamide (43 % of 
participants) or cisplatin-based regimens (57 %). The large majority of patients were 
chemotherapy naïve. In this study of 1,114 patients, acute CR rates were nearly iden-
tical, 75.3 % for palonosetron and 73.3 % for granisetron, statistically noninferior, 
while delayed CR rate was 56.8 % for palonosetron compared to 44.5 % for granis-
etron ( p  < 0.0001). Overall CR rates were superior as well 51.5 % vs. 40.4 % for palo-
nosetron vs. granisetron, respectively ( p  = 0.0001). Prespecifi ed AC and cisplatin 
subsets showed similar, signifi cant improvement with palonosetron similar to the 
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overall study population. Nausea and emesis control was also better during the 
delayed phase in the palonosetron arm. Adverse events were comparable to the US/
EU registrational trials in MEC. Repeat cycle analysis for the HEC trial demonstrated 
control maintained through four observed cycles. Similar results were reported in 
follow-up trials of HEC [ 32 ] and MEC [ 33 ]. 

 Meta-analyses have been conducted for all of the randomized trials to compare 
the 0.75 mg and 0.25 mg doses. Therapeutic effi cacy is statistically and clinically 
equivalent [ 74 ]. Therefore, the lowest fully effective dose, 0.25 mg IV, which is also 
the approved dose in US/EU, is preferred [ 34 ]. Based on the results of the phase 3 
trials, palonosetron was approved by various regulatory agencies for use as prophy-
laxis for CINV. The current US FDA label states it palonosetron is indicated for the 
prevention of acute and delayed nausea and vomiting associated with initial and 
repeat course of both MEC and HEC in adults [ 21 ]. 

 A patient level systematic review aggregated the data from four phase 3 studies 
of palonosetron  +  dexamethasone compared to fi rst-generation 5-HT 3  RAs for 
patients receiving HEC or MEC [ 75 ]. Palonosetron showed higher CR rates in pooled 
dose analysis during the delayed phase ( P  < 0.0001) an overall phase,  p  = 0.0001 but 
not the acute phase  p  = 0.091 with similar results seen for complete control 
(Fig.  4.2 ). Results for control of emesis and nausea by severity are shown in Fig.  4.3 .

4.4         Alternative Formulations 

 An oral form of palonosetron has also been developed and compared in a prospec-
tive, randomized dose fi nding study to the IV formulation. Oral palonosetron was 
tested at doses ranging from 0.25 to 0.75 mg, while the comparative was 0.25 mg IV 
following MEC [ 35 ]. The study also randomized patients to receive concurrent 
dexamethasone or not. While the CR rates in all arms were similar numerically, the 
0.5 mg PO dose was best and most comparable to the IV dosing in the delayed and 
overall phases. The 0.5 mg PO dose also yielded the best results for controlling 
emesis and nausea. The frequency and severity of all adverse events were similar for 
the oral doses and the IV dose. This study established comparability between oral 
palonosetron at 0.50 mg and the IV formulation at 0.25 mg IV. In addition, there 
was no evidence for a dose response for the oral formulation within the ranges 
tested, paralleling the results with the IV formulation. 

A subsequent randomized trial in cisplatin-based HEC compared the 0.5 mg PO 
dose with 0.25 mg IV [ 36 ]. Noninferiority of oral palonosetron was demonstrated in 
the acute phase with CR rates of 89 % for oral and 86 % for IV. Treatment-related 
adverse events were numerically less for the oral formulation. Together, these trials 
have established oral palonosetron 0.5 mg PO as therapeutically equivalent to the 
IV formulation of the drug. 

 Additionally, subcutaneous palonosetron has been tested vs. IV in a small group 
of patients receiving cisplatin in a cross-over design [ 37 ]. The PK parameters were 
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similar for the subcutaneous formulation for area under the curve although Cmax 
was lower. This method of administration might be useful in certain circumstances.  

4.5     Multiple-Day Chemotherapy 

 The best way to utilize palonosetron in the setting of multiple-day chemotherapy 
has been the subject of some controversy. NCCN guidelines recommend a single 
dose of palonosetron at the beginning of a 3-day chemotherapy regimen as an alter-
native to multiple daily doses of other fi rst-generation 5-HT 3  receptor antagonists 
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  Fig. 4.2    ( a ) Comparison of palonosetron to other 5-HT 3  RAs, complete response = no emetic 
episodes and no usage of rescue medication,  p  < 0.0001 palonosetron vs. other 5-HT 3  RAs. ( b ) 
Complete control = no emetic episodes, no usage of rescue medication, and no more than mild 
nausea,  p  < 0.0001 palonosetron vs. other 5-HT 3  RAs [ 75 ]       
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  Fig. 4.3    ( a ) Episodes of emesis in the acute, delayed, and overall postchemotherapy phases. 
 PALO  palonesetron,  other 5-HT   3    RAs , (ondansetron, dolasetron, and granisetron), * p  = 0.0066; 
palonosetron vs.  other 5-HT   3    RAs ; + p  <0.0001 palonosetron vs. other 5-HT 3  RAs. ( b ) Severity of 
nausea in the acute, delayed and overall postchemotherapy phases.  PALO  palonesetron,  other 
5-HT3 RAs  (ondansetron, dolasetron, and granisetron); *p=0.0002 palonosetron vs.  other 5-HT   3   
 RAs ; + p  =0.0112 palonosetron vs.  other 5-HT   3    RAs . [ 75 ]       

 

L. Schwartzberg



71

[ 38 ]. The database supporting any given alternative schedule for palonosetron is 
scant, as few randomized trials have been performed [ 39 ]. A small pilot trial on 
palonosetron on days 1, 3, and 5 plus dexamethasone in men receiving 5-day 
cisplatin- based chemotherapy showed good control during the period of chemo-
therapy and for 3 days subsequently [ 40 ]. A study of palonosetron on day 1 of 
multiple dosing chemotherapy for hematologic malignancies showed better control 
compared to a retrospective review of patients treated with ondansetron [ 41 ]. 
Additionally in patients who experienced delayed CINV after multiple-day chemo-
therapy, there was better response to an additional dose of palonosetron. 

 In patients receiving high-dose chemotherapy, including both myeloablative and 
nonmyeloablative regimens over a multiple-day cycle, palonosetron and dexameth-
asone on day 1 was followed by dexamethasone daily and palonosetron every other 
day [ 42 ]. Overall complete control rates with this regimen were encouraging at 
81 % and superior to case-matched controls receiving ondansetron and dexametha-
sone at 50 %. The use of palonosetron and longer duration of high-dose chemo-
therapy were independent predictors for an increased likelihood of emesis role. 

 Other studies [ 43 – 46 ] have also examined palonosetron in the setting of multi-
day high-dose chemotherapy programs as conditioning prior to stem cell transplant 
and have shown promising results in pilot trials. The best dose and schedule to uti-
lize palonosetron in this setting remains to be determined. A triple-drug combina-
tion of aprepitant, palonosetron, and dexamethasone was more effective than 
palonosetron plus dexamethasone or ondansetron plus dexamethasone as prophy-
laxis prior to BEAM chemotherapy in non-Hodgkin’s and Hodgkin’s disease 
patients undergoing transplant [ 47 ].  

4.6     Triplet CINV Prophylaxis Regimens including 
Palonosetron 

 The addition of an NK1 antagonist to a 5-HT 3  RA improves control of delayed 
CINV [ 48 ]. Aprepitant in oral or IV form (fosaprepitant) is an approved NK1 antag-
onist for this purpose. Aprepitant has been tested along with palonosetron and dexa-
methasone in a number of trials. A multicenter, single-arm phase II study enrolled 
patients with MEC including AC demonstrated a 78 % overall CR rate [ 49 ] for 
palonosetron and dexamethasone on day 1 with oral aprepitant on days 1–3. A ran-
domized double-blind multicenter pilot trial randomized patients to palonosetron 
and aprepitant on day 1 only, palonosetron plus aprepitant on days 1–3, or palono-
setron with placebo on days 1–3, each arm receiving dexamethasone on days 1–3 
[ 50 ]. The arm without aprepitant was terminated for lack of effi cacy with an approx-
imate 50 % CR rate. Similar results were seen in the other two arms with aprepitant 
added on day 1 or for 3 days. A single-day triplet regimen with a dose of aprepitant 
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equivalent to the full 3-day dose showed 76 % CR rate in acute phase and 66 % in 
delayed phase with no increased toxicity [ 51 ]. 

 The triple-drug regimen was utilized in a homogenous population of lung cancer 
patients receiving HEC with cisplatin [ 52 ]. Complete response rates were evaluated 
for up to six cycles. Palonosetron, aprepitant, and dexamethasone were effective in 
this population with CR rates ranging from 74 % in cycle 1 to 82 % in the sixth 
cycle. Emesis was prevented in 90 % of patients across all cycles demonstrating the 
value of adding the NK1 antagonist to the combination of palonosetron and 
dexamethasone. 

 A Japanese trial compared palonosetron 0.75 mg, aprepitant, and dexamethasone 
to granisetron, aprepitant, and dexamethasone in 827 patients with cisplatin-based 
HEC [ 53 ]. CR rates were identical during the acute phase and statistically signifi -
cantly higher for the delayed phase: 67 % vs. 59 % for palonosetron vs. granisetron, 
respectively. The overall CR rate, the primary endpoint for this trial, demonstrated 
superiority for palonosetron, 66 % vs. 59 %,  p  = 0.01. The three-drug regimen with 
aprepitant has also been studied in gynecologic patients receiving HEC, a group that 
is traditionally diffi cult to control, with an overall CR rate of 54 % [ 54 ]. Palonosetron, 
aprepitant, and dexamethasone have been evaluated in patients receiving multiple- 
day chemotherapy in small trials with effi cacy established over 3- or 5-day cisplatin 
regimens with CR rates of 58–90 % [ 55 ,  56 ]. The combination of a 5-HT 3  RA and 
an NK1 RA appears to be cost-effective for the prevention of CINV [ 57 ]. 

 Other agents other than NK1 RAs can be substituted to aid protection against 
delayed nausea and vomiting. Palonosetron has also been studied in combination 
with olanzapine, an atypical antipsychotic agent with activity against CINV [ 58 ]. 
A randomized trial comparing palonosetron plus dexamethasone plus aprepitant to 
palonosetron plus dexamethasone plus olanzapine showed no signifi cant difference 
in CR rates but less nausea in the olanzapine arm in the delayed and overall phases 
[ 59 ]. Toxicity was similar between olanzapine and aprepitant. Olanzapine is there-
fore an acceptable alternative to an NK1 antagonist for patient in whom a triplet 
regimen is indicated as noted in the NCCN guidelines.  

4.7     Role of Dexamethasone in Delayed Phase 
after Palonosetron 

 Given the activity of palonosetron and aprepitant in the delayed phase, studies have 
evaluated the incremental benefi t of dexamethasone given beyond day 1. 
Dexamethasone is associated with signifi cant side effects when given in antiemetic 
doses for prolonged periods, including insomnia, gastrointestinal distress, exacerba-
tion of diabetes mellitus, and weight gain. Given the benefi t of aprepitant in the 
delayed phase of CINV, a randomized comparison of dexamethasone vs. aprepitant 
beyond day 1 in patients receiving AC was conducted [ 60 ]. Complete response rates 
were similar during the acute phase and were identical at 79.5 % during the delayed 
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phase. Signifi cantly less insomnia, heartburn, and improved functional living scores 
were noted for the aprepitant arm. As such, palonosetron with IV aprepitant and 
dexamethasone on day 1 or oral aprepitant on days 1–3 appears a reasonable alter-
native to continuing dexamethasone in patients receiving AC. 

 Several trials have evaluated palonosetron plus dexamethasone on day 1 vs. con-
tinuing dexamethasone on days 2 and 3 in patients receiving AC and/or other MEC 
regimens. Three noninferiority trials demonstrated no signifi cant difference 
achieved in each of these studies [ 61 – 63 ]. Therefore, when using palonosetron and 
dexamethasone as a doublet in non-AC MEC, it appears that the regimen can be 
limited to a simplifi ed day 1 prophylactic program without sacrifi cing effi cacy but 
reducing toxicity.  

4.8     Cost-Effectiveness of Palonosetron 

 The cost of cancer care has skyrocketed over the past decade and appears unsustain-
able [ 64 ]. Each new improvement in cancer care, whether therapeutic or supportive 
in nature, is appropriately subject to scrutiny regarding the cost-effectiveness of the 
intervention. Standards are slowly emerging to establish value parameters in health-
care with thresholds set for improvement per unit cost. 

 To this end, the cost of prophylaxis against CINV has been subjected to cost- 
effectiveness analyses. It is clear that non-prevented CINV events are associated 
with signifi cant cost to individual patients, families, and the healthcare system as a 
whole. One retrospective cohort study of over 19,000 adult patients receiving HEC 
or MEC with CINV prophylaxis examined the cost of uncontrolled CINV [ 65 ]. In 
this cohort 13.8 % of patients had a CINV-associated healthcare visit. Resource 
utilization included inpatient admissions, unscheduled outpatient visits, and emer-
gency room visits. The mean per-patient CINV-associated cost across all patients 
treated was $731.00. The mean cost of a CINV event to an individual patient was 
$5,299.00. Another US study showed a healthcare resource cost in a hospital outpa-
tient setting of $1,855.00 [ 66 ]. Despite differences in methodology and cost fi gures 
presented by these analyses, there can be no doubt that CINV events are associated 
with more cost to the healthcare system. 

 Therefore, strategies that control CINV better are likely to reduce healthcare 
costs for downstream CINV events. A cost-utility assessment using quality-adjusted 
life-years (QALY) as the value parameter compared palonosetron to ondansetron  +  
aprepitant in a Monte Carlo simulation model [ 67 ]. Incremental cost-effectiveness 
for the palonosetron regimens was $115,490/QALY for the two-drug regimen, 
$199,375/QALY for the palonosetron plus aprepitant plus dexamethasone regimen, 
and $200,525/QALY for the three-drug strategy vs. the ondansetron-based  two- drug 
regimen. These QALYs are in the range of acceptability. Whether QALY is the right 
metric to use for a supportive care drug that is used broadly is subject to debate; 
however, even in this context these costs for QALYs are similar to newer biological 
agents designed for therapeutic intent. 

4 Palonosetron



74

 A retrospective analysis of the OptumInsight claims database from years 2005 to 
2011, comprised largely of commercially insured members, revealed delayed CINV 
of 15.6 % across all cycles, utilizing all 5-HT3 receptor antagonists [ 68 ]. The lowest 
rates were demonstrated in patients receiving palonosetron. Over six cycles of che-
motherapy per 1,000 patients, ondansetron costs an additional $126,775 and granis-
etron an additional $169,838 compared to using palonosetron from cycle 1. In a 
hospital outpatient setting, patients receiving palonosetron had a 14 % decreased 
rate of CINV per chemotherapy cycle [ 69 ]. 

 A systemic review of the literature surrounding cost analyses of CINV in relation 
to 5-HT 3  receptor antagonist utilized was published in 2014 [ 70 ]. Thirty-two studies 
were analyzed including randomized controlled trials. Fourteen reported cost data 
and 25 studies utilization data. Palonosetron was associated with higher acquisition 
and treatment costs in the fi rst-generation 5-HT 3  RAs. However, healthcare utiliza-
tion for CINV was reduced in patients receiving palonosetron due to the less need 
for rescue medication and downstream services such as outpatient visits and emer-
gency room visits. Therefore, the overall costs associated with using palonosetron 
as the 5-HT 3  receptor antagonist of choice appear to be lower than other agents due 
to reduced service utilization for CINV.  

4.9     Pediatric Use 

 Palonosetron has not been extensively studied in the pediatric population. 
Retrospective comparison of palonosetron to fi rst-generation 5-HT 3  RAs in children 
showed a signifi cant reduction in emesis on the fi rst 3 days and nausea in the fi rst 
4 days in the palonosetron group [ 71 ]. A retrospective analysis of children undergo-
ing BMT revealed 43 patients who received palonosetron in a dose of 5 mcg/kg. 
CINV was controlled in 68 %. A second dose of palonosetron was required on day 
5 of the underlying regimen in 17 % of patients [ 72 ]. A prospective observational 
trial examined palonosetron at 5 mcg/kg in children with ALL receiving high-dose 
methotrexate 5 g/m 2 . CR was achieved in 84 % in the acute phase and 60 % overall 
with 90 % free of emesis [ 73 ]. Palonosetron is approved in the USA for pediatric 
use for the prevention of CINV at a dose of 20 mcg/kg [ 21 ].  

4.10     Meta-Analysis 

 Several systematic reviews in meta-analysis have been conducted comparing the 
effi cacy and toxicity of the 5-HT 3  RAs to one another. Likun reviewed eight RCTs 
involving 3,592 patients published between 2003 and 2010 [ 74 ]. Most trials were 
noninferiority studies comparing fi rst-generation agents to palonosetron alone. 
Overall, palonosetron showed superiority for complete response rate with an odds 
ratio of 0.64 (95 % CI, 0.56–0.74,  p  < 0.00001). In two studies with HEC comparing 
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palonosetron and dexamethasone to fi rst-generation 5-HT 3  RAs plus dexametha-
sone, there was a trend in favor of palonosetron for acute CINV and statistical ben-
efi t for palonosetron in delayed and overall phase. For MEC, palonosetron was 
superior to prevent acute CINV with an OR of 0.70 (95 % CI, 0.54–0.91,  p  = 0.008), 
delayed CINV, and nausea. 

 The most recent meta-analysis, published in 2014 by Popovic et.al., identifi ed 16 
RCTs with over 6,000 patients randomized to palonesetron or other 5-HT 3  RAs 
[ 22 ]. Multiple endpoints were analyzed including complete response, complete 
control, no emesis, no nausea, and no use of rescue medications. Of note, only one 
of the trials included aprepitant; so this analysis serves as a direct comparison of 
5-HT 3  RAs to palonosetron alone or as doublet therapy with corticosteroids. Acute, 
delayed, and overall phases were analyzed separately. 

 Palonosetron showed statistically signifi cant superiority in the overall phase of 
CINV for all fi ve endpoints, with odds ratios ranging from 1.51 to 1.54 for each of 
the endpoints. In subgroup analysis, palonosetron was superior for CR whether or not 
patients received concomitant corticosteroids. Evaluation by level of emetogenicity 
demonstrated palonosetron superiority in both HEC and MEC for complete response, 

   Table 4.2    Absolute risk differences between palonosetron and other 5-hydroxytryptamine 3 
receptor antagonist intervention arms for all included chemotherapy-induced nausea and vomiting 
endpoints [ 22 ]   

 Endpoint 

 Absolute risk 

 Test for 
overall effect 

 Satisfi es MASCC/ESMO 
antiemetic guideline 
requirement 

 Difference (% 
@ 95 % CI) 

 CR, acute phase  6 (3–8)   p  = 0.0001  No 
 CR, delayed phase  12 (9–15)   p  < 0.00001  Yes 
 Cr, overall phase  10 (7–14)   p  < 0.00001  Approaching requirement 
 CC, acute phase  6 (2–9)   p  = 0.0008  No 
 CC, delayed phase  11 (8–15)   p  < 0.00001  Yes 
 CC, overall phase  11 (7–14)   p  < 0.00001  Yes 
 No emesis, acute phase  5 (2–8)   p  = 0.02  No 
 No emesis, delayed phase  10 (7–14)   p  < 0.0001  Approaching requirement 
 No emesis, overall phase  10 (7–14)   p  > 0.00001  Approaching requirement 
 No nausea, acute phase  4 (0–9)   p  = 0.03  No 
 No nausea, delayed phase  8 (3–12)   p  = 0.0008  Approaching requirement 
 No nausea, overall phase  9 (4–13)   p  = 0.0003  Approaching requirement 
 No rescue medications, acute 
phase 

 5 (−5 to 16)   p  = 0.32  No 

 No rescue medications, 
delayed phase 

 6 (−1 to 13)   p  = 0.12  No 

 No rescue medications, 
overall phase 

 8 (2–14)   p  = 0.01  Approaching requirement 

   MASCC  Multinational Association of Supportive Care in Cancer,  ESMO  European Society of 
Medical Oncology,  CR  complete response,  CC  complete control  
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complete control, and no emesis endpoints. Palonosetron was also statistically supe-
rior in both the acute and delayed phases for CR, CC, no emesis, and no nausea. 

 MASCC/ESMO guidelines suggest an absolute risk difference of 10 % between 
antiemetic regimens as a level constituting a clinically relevant result that could 
prompt guideline revision [ 76 ,  77 ]. Table  4.2  shows the results of the meta-analysis 
by each of the endpoints for overall, acute, and delayed phases. Of the 15 prespeci-
fi ed endpoints, 3 meet the MASCC/ESMO criteria and 6 approach it. Taken together, 
the meta-analysis demonstrates that the weight of the evidence from randomized 
clinical trials conducted over the past decade strongly favors palonosetron as more 
effi cacious in preventing CINV compared to fi rst-generation 5-HT 3  RAs.

   This study also provided a comprehensive evaluation of safety of the various 
5-HT 3  RAs. Palonosetron was statistically similar to the other agents with regard to 
constipation, headache, and diarrhea and safer with regard to dizziness. Evaluation 
of the three RCTs reporting mean QTc interval change revealed palonosetron was 
signifi cantly safer than the comparator 5-HT 3  RAs with less overall change in QTc 
interval after drug administration.  

4.11     Palonosetron in Antiemetic Guidelines 

 Multiple guidelines have been created to collate evidence-based recommendations 
to cancer treatment, including CINV prophylaxis. While the methodology and the 
frequency of updating vary somewhat, the various organizations use tiered evidence 
bases +/− expert opinion to generate the recommendations. Recommendations for 
HEC and MEC from each of these guideline groups are shown in Figs.  4.4  and  4.5 . 
All guidelines recommend palonosetron as the 5-HT 3  RA of choice in MEC [ 38 ,  77 , 
 78 ]. In HEC, all guidelines recommend a three drug combination, consisting of a 
5-HT 3  RA, dexamethasone and an NK1 antagonist (or, in NCCN, olanzapine). 
Conforming to guideline recommendations improves CINV control; unfortunately 
adherence remains suboptimal [ 79 ,  80 ]. New strategies to promote guideline usage 
through educational efforts, and improved awareness of patient experience follow-
ing chemotherapy by clinicians, possibly using electronic tools, could help this situ-
ation [ 81 ].

4.12         Netupitant and Palonosetron (NEPA) Fixed 
Combination 

 Netupitant is a highly selective NK1 RA which exhibits a high degree of receptor 
occupancy [ 81 ]. In vitro studies have shown a synergistic effect in preventing 
NK1 response to substance P [ 20 ] and an additive effect on NK1 receptor internal-
ization [ 15 ]. The plasma half-life of netupitant is approximately 96 h, suggesting 
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that there could be a clinical benefi t in the delayed phase of CINV when coadmin-
istered with palonosetron. Netupitant is a substrate and moderate inhibitor of 
CYP3A4. Drugs that are substrates of CYP3A4, such as dexamethasone, should 
be administered in reduced doses when given with netupitant. Unlike aprepitant, 
netupitant does not have clinically relevant interactions with oral contraceptives, 
and no relevant PK interactions are seen when netupitant is co-administered with 
palonosetron [ 82 ]. 

 NEPA has a similar adverse event profi le to oral palonosetron given with aprepi-
tant with headache and constipation the most frequently observed toxicities. A com-
prehensive review of NEPA safety revealed similar treatment-emergent adverse 
events for NEPA, oral palonosetron alone, or palonosetron and aprepitant combina-
tion [ 83 ]. No signifi cant effect on QTc interval or impact on other cardiac endpoints 
was observed across various studies. 

 NEPA has been evaluated in three trials conducted across a range of emetogenic-
ity in chemotherapy-naïve patients. A phase 2 dose-ranging study compared three 
different doses of netupitant combined with oral palonosetron to oral palonosetron 
alone in 694 patients receiving cisplatin-based chemotherapy [ 84 ]. The 300 mg 
dose of netupitant was selected for further evaluation based on numerical superior-
ity in CR rate. Additionally, 300 mg of netupitant was the minimal dose demonstrat-
ing NK1 receptor occupancy of >90 % in the brain striatum, the accepted value for 
effi cacy, in a previously performed pharmacodynamic PET study [ 85 ]. Overall, 
NEPA was signifi cantly superior to oral palonosetron for CR in acute, delayed, and 
overall phases (Fig.  4.4a , Study 1). 

 A phase 3, multinational double-blind placebo-controlled trial evaluated oral 
NEPA + dexamethasone compared to oral palonosetron + dexamethasone in 
1,455 patients receiving AC-based chemotherapy [ 86 ]. Signifi cant improvement 
in CR rate during the delayed phase of cycle 1, the primary endpoint of the trial, 
was seen with 77 % of the NEPA group compared to 69 % of the palonosetron 
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group,  p  = 0.001. Additionally, overall phase CR rate was 74 % vs. 67 %, 
 p  = 0.001, and acute phase CR rate was 88 % vs. 85 %,  p  = 0.047 for NEPA vs. 
palonosetron, respectively (Fig.  4.4a , Study 2). In other endpoints including 
delayed and overall phases, no emesis, no signifi cant nausea, and complete pro-
tection statistically signifi cant higher rates were also achieved. 

 A multiple cycle trial in HEC and MEC was conducted primarily to assess cumu-
lative safety [ 87 ]. This study included an arm of oral palonosetron and aprepitant 
compared to NEPA, with both arms receiving dexamethasone according to guide-
lines. The overall phase CR rate in cycle 1 was 81 % for NEPA and 76 % for palo-
nosetron and aprepitant. No formal statistical comparison was performed. 
Antiemetic effi cacy was maintained well over multiple cycles of therapy, as was 
also seen in an analysis of the multiple cycle extension study of NEPA during MEC 
[ 88 ] (Fig.  4.4b ). NEPA was approved by the US FDA in 2014 for the prevention of 
acute and delayed nausea and vomiting associated with initial and repeat course of 
chemotherapy including, but not limited to, highly emetogenic chemotherapy [ 89 ]. 
NEPA is included in NCCN and ASCO guidelines as a prophylactic choice for HEC 
and MEC. 

 While NEPA has not yet been subjected to formal cost-effectiveness analyses, 
the superiority of NEPA over a two-drug regimen on a clinical basis supports the 
value. The appropriate formal comparison would be NEPA plus dexamethasone to 
palonosetron with aprepitant and dexamethasone. The fact that NEPA is a fi xed 
combination suggests a potential economic benefi t as adherence to fi xed dose com-
binations in general is associated with improved adherence and lower overall treat-
ment cost [ 57 ].  

4.13     Conclusion 

 Palonosetron differs chemically, pharmacologically, and, most importantly, clini-
cally from the fi rst-generation 5-HT 3  RAs. It confers signifi cant additional protec-
tion against delayed nausea and vomiting and in the overall phase of CINV. Multiple 
prospective randomized trials have demonstrated the benefi t of palonosetron over 
fi rst-generation agents in patients receiving MEC, AC, and HEC regimens. Adding 
an NK1 antagonist appears to increase the response rate to palonosetron and dexa-
methasone. Palonosetron is equally effective in IV and oral formulations and is now 
available in a fi xed combination with the NK1 RA netupitant which offers increased 
convenience and the potential for better adherence.     
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    Chapter 5   
 The Role of Neurokinin-1 Receptor 
Antagonists in CINV                     

       Bernardo     Leon     Rapoport     

5.1          Introduction 

 Signifi cant advances have been made in controlling chemotherapy-induced nausea 
and vomiting (CINV) in the past two decades. These advances are primarily due to 
a greater understanding of the physiological and molecular pathways underlying 
CINV, which resulted in major progress in the management of patients with 
CINV. In the early 1990s, CINV treatment included dexamethasone [ 1 ]. 
Improvements in the management of CINV control were achieved with the discov-
ery of 5-hydroxytryptamine (5HT3) receptor and the development of 5HT3 receptor 
antagonists (RA). Additional improvements in CINV control were further made, 
with the usage of the combination of 5HT3 RA with dexamethasone or other corti-
costeroid agents at equivalent doses [ 2 ,  3 ]. 

 Over the last decade, the discovery of the neurokinin-1 receptor antagonists 
(NK1 RA) and its role in the pathogenesis of delayed phase of CINV have led to 
signifi cant developments in the management of this complication of anticancer 
treatment. Despite these milestone achievements, nausea and vomiting remain as 
clinically signifi cant problems for patients undergoing highly emetogenic chemo-
therapy (HEC) and moderately emetogenic chemotherapy (MEC).  
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5.2     MEC- and HEC-Based Chemotherapy 

 Seventy percent of patients treated with cisplatin-based HEC will achieve an overall 
antiemetic complete response when managed with a triple therapy consisting of the 
NK1 RA aprepitant in combination with a 5HT3 RA and corticosteroids prophy-
laxis [ 4 ,  5 ]. 

 Warr et al. conducted a study in breast cancer women treated with anthracycline 
and cyclophosphamide (AC)-based moderately emetic chemotherapy (MEC). The 
study showed that a 3-drug antiemetic regimen with aprepitant had an overall anti-
emetic complete response rate of 50 %, compared to 42.5 % with a standard two- 
drug antiemetic regimen without an NK1 RA ( P  = 0.015) [ 6 ]. 

 Rapoport et al. reported similar outcomes in a comparable MEC patient popula-
tion with breast cancer [ 7 ]. The positive results of these clinical studies have dem-
onstrated the advantage of adding an NK1 RA to antiemetic regimens of 5HT3 RA 
in combination with corticosteroids and led to its inclusion as an essential compo-
nent in CINV prophylaxis guidelines [ 8 – 10 ]. 

5.2.1     Aprepitant and Fosaprepitant 

 The US Food and Drug Administration (FDA) initially approved aprepitant in 2003 
for the treatment of CINV in combination with a 5HT3 RA and dexamethasone. 
Aprepitant is commonly given as three doses taken orally at a dose of 125 mg before 
chemotherapy given on day 1 and 80 mg administered on days 2 and 3 [ 4 – 6 ]. 

 Fosaprepitant (a prodrug of aprepitant) is converted to aprepitant via phospha-
tase enzymes in the bloodstream. Fosaprepitant is an intravenous formulation that 
can be used in place of the oral dose of aprepitant on day 1. It may be benefi cial in 
patients who cannot tolerate an oral formulation. Fosaprepitant at a dose of 115 mg 
and oral aprepitant at a dose of 125 mg are bioequivalent and interchangeable. 
Additionally, a randomized phase III trial conducted by Grunberg et al. has demon-
strated non-inferiority between a single-dose intravenous fosaprepitant of 150 mg 
compared to standard 3-day oral aprepitant (at doses of 125 mg on day 1 and 80 mg 
on days 2 and 3) for the prevention of CINV during overall and delayed CINV 
phases [ 11 ].  

5.2.2     Casopitant 

 Casopitant was the second NK1 RA undergoing clinical development. A phase III 
study with casopitant was completed for the treatment of CINV in both 3-day and 
1-day dosing schedules. In July 2008, the GlaxoSmithKline (GSK) fi led a market-
ing authorization application to the European Medicines Agency (EMA). GSK 
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decided to withdraw the application in Sep 2009 because the EMA indicated that 
additional safety evaluation was necessary and that it would take considerable time 
and resources to produce such data. The potential convenience of dosing the NK1 
RA in the clinic without having to prescribe added NK1 doses for patients to take 
home was of particular interest to the treating clinician as well as patients [ 12 – 14 ].  

5.2.3     Netupitant and Rolapitant 

 Netupitant and rolapitant are other NK1 RA that have been developed for the same 
indication [ 15 ,  16 ]. 

 Netupitant is being developed in combination with oral palonosetron (NEPA) 
which was recently registered for the management and prophylaxis of CINV. NEPA 
consists of a fi xed dose of netupitant (a potent and selective NK1 RA) in combina-
tion with a fi xed dose of palonosetron and targets the two antiemetic pathways [ 17 ]. 

 Rolapitant is a third NK1 RA under clinical investigation. This agent is a potent, 
selective, high-affi nity, competitive NK1 receptor antagonist with an extended half- 
life of approximately 180 h [ 18 ]. 

 Positron emission tomography (PET) imaging performed in healthy volunteers 
120 h following a single oral 200 mg dose of rolapitant demonstrated a greater than 
90 % NK1 receptor occupancy in the brain [ 19 ]. The study indicates that a single 
dose of rolapitant may be suffi cient to prevent CINV during the risk period of 
0–120 h. Rolapitant is not an inhibitor or inducer of CYP3A4 and is unlikely to have 
drug–drug interactions with drugs metabolized by CYP3A4, which are utilized for 
oncology patients undergoing chemotherapy [ 20 ]. Consequently, a potential clinical 
advantage is the fact that fewer drug–drug interactions may not require dose adjust-
ments for concomitant drugs administered with the NK1 receptor antagonist. Dose 
modifi cations of anticancer agents could result in a potential loss of effi ciency and 
inferior outcome.   

5.3     Clinical Pharmacology of NK1 Inhibitors 

 Both serotonin (5-HT3) and substance P have been linked in CINV by triggering the 
corresponding receptors in the brain and the gastrointestinal tissues, respectively 
[ 21 ]. There are substantial differences between substance P and 5-HT3. Substance 
P and 5-HT3 are thought to have different time courses of action due to the biphasic 
nature of cisplatin-based HEC (Figs.  5.1  and  5.2 ) [ 22 ,  23 ]. The 5-HT3-mediated 
effect occurs within a few hours of the administration of chemotherapy, early in the 
acute phase. On the other hand, the NK1-mediated effect starts at approximately 
15 h following chemotherapy and continues into the delayed phase [ 23 ,  24 ].

    While the 5-HT3-mediated phase is short and virtually completed in the first 
24 h following chemotherapy administration, the substance P- and NK1-
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mediated phase in HEC continues for 60–96 h postchemotherapy [ 25 ,  26 ]. The 
acute phase of chemotherapy has been arbitrary defined as the initial 24 h post-
chemotherapy and the delayed phase as any time in the 96 h after that. These 
phase definitions are based on the need for readily measurable endpoints, rather 
than the biological aspects associated with 5-HT3 and NK1. However, the NK1 
RA and 5-HT3 RA are often associated with acute and delayed CINV, respec-
tively. It is apparent that the NK1-mediated effect spans both phases in HEC 
[ 25 ,  27 ]. 

5.3.1     Aprepitant and Fosaprepitant 

 AC-based MEC is monophasic, with both the 5-HT3- and NK1-mediated effects 
occurring within a few hours after chemotherapy, early in the acute phase [ 23 ] 
Fig.  5.2 . When the same results were evaluated in patients receiving AC-based 
MEC, aprepitant was effective beginning in the acute phase, starting as early as 6 h 
postchemotherapy, compared to approximately 18 h in HEC studies [ 23 ,  25 ]. 

In
te

ns
ity

 o
f e

m
es

is

0
Least

Most

Time (days)
1 2 3 4 5

0
Least

Most

Acute Delayed

Time (days)

In
te

ns
ity

 o
f E

m
es

is

1 2 3 4 5
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 In cisplatin-based HEC studies, the time to fi rst emesis was evaluated in Kaplan–
Meier curves assessing the time to fi rst emesis. The curves depicting the regimen 
with aprepitant and active control were clearly separated as early as 15 h [ 23 ,  25 ]. 
Similar effects were observed in NEPA and rolapitant suggesting a class effect of 
NK1 RA (NEPA and rolapitant in HEC). 

 The biological variations and the differential time course of action of NK1 RA 
and 5-HT3 are highlighted when used with HEC and MEC [ 23 ,  25 ]. Although the 
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NK1 RA are associated fundamentally with the delayed phase, they also have a 
crucial function through the acute phase in both HEC and MEC as it was noted in 
the aprepitant studies. 

 A single dose of oral 125 mg aprepitant has been proved to have a mean 
plasma half-life of 14.0 h, and at 24 h after dosing, the aprepitant concentration 
is 36 % of Cmax [ 27 ]. The pharmacokinetic profile of aprepitant following 
administration of intravenous fosaprepitant is similar to that of oral aprepitant. 
Fosaprepitant is metabolized to active aprepitant following IV administration. 
The mean plasma half-life of fosaprepitant was found to be 2.3 min, suggesting 
that the total conversion occurs in less than 30 min [ 27 ]. The maximum concen-
tration of aprepitant following IV fosaprepitant administration takes place at 
15 min; this is compared to 4 h for aprepitant administered orally. The aprepi-
tant mean half-life was similar for the IV fosaprepitant 115 mg and oral aprepi-
tant 125 mg doses (13.6 h compared to 14.0 h, respectively). These doses had 
nearly identical mean concentrations at 24 h; 504 ng/mL compared to 494 nano-
grams/mL, respectively [ 27 ]. 

 It is essential to point out that most of the current published NK1 clinical phar-
macology literature is with the use of aprepitant. Current clinical studies have inves-
tigated the use of netupitant and rolapitant.  

5.3.2     Netupitant 

 Netupitant is an NK1 receptor antagonist with a structure and mechanism of action 
similar to aprepitant. Netupitant has a high binding affi nity with a half-life of 90 h. 
This agent is metabolized by CYP3A4 and is also an inhibitor of CYP3A4. 
Netupitant is a moderate inhibitor of the cytochrome P450 3A4 (CYP3A4); a reduc-
tion in the oral dexamethasone dose should be considered, when used in conjunc-
tion with NEPA [ 28 ].  

5.3.3     NEPA 

 NEPA is an oral fi xed-dose combination of netupitant and palonosetron. NEPA was 
recently studied in phase II, and phase III clinical trials for the prevention of CINV in 
patients getting MEC- and HEC-based treatment. The clinical trials revealed that 
NEPA (300 mg of netupitant plus 0.50 mg of palonosetron) signifi cantly enhanced the 
prophylaxis of CINV compared to the use of palonosetron alone in patients undergo-
ing either HEC or MEC [ 28 – 30 ]. Postchemotherapy, there was a signifi cant improve-
ment in the delayed period (24–120 h) and the overall period (0–120 h) with the usage 
of NEPA. This effect was maintained over multiple cycles of chemotherapy [ 25 ].  
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5.3.4     Rolapitant 

 Rolapitant is a potent, highly selective, competitive NK1-RA that does not induce 
or inhibit CYP3A4. The other NK1-RA aprepitant and netupitant do not possess 
this unique property. The lack of interactions may be an advantage for patients 
where drug–drug interactions should ideally be avoided. 

 Rolapitant binds with high affi nity (Ki = 0·66 nM) to the human NK1 receptor 
[ 20 ] and maintains >90 % receptor binding up to 5 days following a 200 mg dose 
[ 19 ]. Rolapitant also has a long half-life of approximately 180 h [ 20 ], indicating that 
a single dose may be adequate to prevent CINV during the entire 5-day (0–120 h) 
at-risk period postchemotherapy.   

5.4     Clinical Data 

5.4.1     Aprepitant 

 Aprepitant plus ondansetron and dexamethasone was shown to provide signifi cantly 
greater rates of complete response than ondansetron plus dexamethasone alone in 
patients receiving cisplatin-based HEC in two phase III trials [ 4 ,  5 ]. Patients were 
randomized to receive standard therapy with ondansetron (32 mg IV) and dexametha-
sone (20 mg oral) on day 1 followed by dexamethasone (8 mg bid) on days 2–4. 
Patients in the aprepitant group received aprepitant (125 mg oral), ondansetron 
(32 mg IV), and dexamethasone (12 mg oral) on day 1. It was followed by aprepitant 
(80 mg oral) and dexamethasone (8 mg oral) once daily on days 2, 3 and 4. The fi rst trial 
evaluated 523 patients for effi cacy and 568 patients for safety [ 5 ]. The second study 
assessed 521 patients in the effi cacy analysis with 525 patients in the safety analysis [ 5 ]. 

 In a joined analysis of these two studies, the complete response rates for the 
aprepitant group were 86 % compared to the active control group of 73 % for the 
acute phase. In the delayed phase, it was 72 % versus 51 % and 68 % versus 48 % 
for the overall 5-day period ( P  < 0.001 for all time periods) [ 25 ]. In both studies, 
aprepitant was well tolerated, and the rates of adverse effects and discontinuations 
were comparable between the two treatment groups [ 4 ,  5 ]. 

 A separate randomized trial compared aprepitant, ondansetron and dexamethasone 
on day 1; aprepitant and dexamethasone on day 2 and 3, and dexamethasone on day 4 
to the control regioner consisting of ondansetron and dexamethasone on days 1 to 4 in 
patients receiving HEC [ 31 ]. The complete response rates for the overall, acute, and 
delayed were signifi cantly greater in the aprepitant group. In the overall phase (days 
1–5), 72 % of the subjects treated with aprepitant had complete response compared to 
61 % of patients treated with 4-day ondansetron plus dexamethasone ( P  = 0.003) [ 31 ]. 

 A special consideration should be given to aprepitant in patients receiving 
AC-based and non-AC MEC. 

5 The Role of Neurokinin-1 Receptor Antagonists in CINV



92

 In this randomized phase III study, patients undergoing breast cancer chemother-
apy were randomly assigned to receive either an aprepitant-containing or an active 
control regimen for the prevention of CINV ( N  = 857). The experimental arm con-
sisted of aprepitant (125 mg) plus ondansetron (8 mg) and dexamethasone (12 mg) 
on day one of chemotherapy. It was followed by ondansetron (8 mg) 8 h after chemo-
therapy on day 1, followed by aprepitant at a dose of 80 mg daily on days 2 and 3 [ 6 ]. 

 The control group received ondansetron at a dose of 8 mg and dexamethasone at 
a dose 20 mg prior to chemotherapy, followed by ondansetron 8 mg 8 h later on day 
1. Day 2 and day 3 consisted of ondansetron (8 mg bid) [ 6 ]. 

 The aprepitant group had a higher complete response rate over the 120 h study 
duration compared to the control arm (50.8 % versus 42.5 %), respectively; 
 P  = 0.015. A randomized trial conducted by Rapoport et al. assesses the value of 
aprepitant in MEC regimes (AC and non-AC regimes). This study consisted of a 
placebo-controlled randomized trial of 848 patients and evaluated the effi cacy of the 
same antiemetic regimen in a range of MEC regimens, including AC-based, 
oxaliplatin- based, and carboplatin-based chemotherapies [ 6 ]. 

 Importantly, in this trial, more patients treated with the aprepitant arm experi-
enced no vomiting (76.2 %) compared to active control (62.1 %;  P  < 0.001). These 
data also demonstrated that antiemetic regimens with aprepitant were also active 
with other chemotherapy regimens (non-AC) [ 6 ]. 

 A separate study examined aprepitant that was administered as a single dose on 
day 1 in combination with palonosetron and dexamethasone in HEC [ 31 ]. 

 This pilot trial consisted of 75 patients who received palonosetron (0.25 mg IV) 
on day 1 and dexamethasone on days 1–4 [ 31 ]. 

 There was no signifi cant variation seen among the single- and 3-day aprepitant 
dose groups [ 31 ]. In both aprepitant cohorts, 93 % of patients were free of emesis 
during 1 day of follow-up compared with 50 % in the control group [ 32 ]. 

 A modifi cation of this aprepitant single-dose protocol in patients receiving MEC 
was reported in a pilot study with no control group [ 33 ]. Forty-one subjects received 
aprepitant (285 mg oral), dexamethasone (20 mg oral), and palonosetron (0.25 mg 
IV) given on day 1, with no antiemetics given on subsequent days [ 33 ]. In the over-
all phase, the complete response was 51 %. In the acute phase and the delayed 
phase, 76 % and 66 % of patients, respectively, attained a complete response con-
sisting of no vomiting or rescue medication usage [ 33 ]. This study used a high dose 
of aprepitant, and no apparent safety concerns emerged during this trial. Although 
experimental, these studies suggest that aprepitant as a single dose prior to chemo-
therapy may be feasible.  

5.4.2     Casopitant 

 In phase II trials, casopitant was investigated in various dosing schedules, adminis-
tered in combination with ondansetron and dexamethasone. Casopitant signifi cantly 
reduced both HEC- and MEC-associated CINV as measured by the complete 
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response as primary endpoint compared to ondansetron plus dexamethasone alone 
[ 12 ,  13 ]. These studies included an exploratory single-day regimen of casopitant 
(150 mg oral). Both the casopitant 3-day IV plus oral and a single oral dose demon-
strated effi cacy in these trials and were incorporated into the phase III trial design. 

 The results of these phase III trials of casopitant in HEC have shown that both the 
single oral dose and the 3-day IV/oral regimen, in combination with ondansetron 
and dexamethasone (also given on days 2–4), provided signifi cantly improved com-
plete response rates compared with ondansetron and dexamethasone alone: 85.7 % 
and 79.6 % versus 66.0 % ( P  < 0.0001 and  P  = 0.0004) [ 14 ]. Although casopitant 
was discontinued for further development, these data provide an important proof of 
concept to examine the usage of NK1 inhibitors over 1 day. Treatment was well 
tolerated with similar adverse event and discontinuation frequency across study 
arms [ 14 ].  

5.4.3     Fosaprepitant 

 The bioequivalence of intravenous fosaprepitant 115 mg to oral aprepitant 125 mg 
was confi rmed in a 3-part randomized pharmacokinetic study in healthy adult vol-
unteers [ 34 ]. 

 Single-day one dosing of fosaprepitant for HEC was studied in phase III [ 11 –
 36 ]. Grunberg et al. conducted a randomized, double-blind, active control design to 
test non-inferiority between fosaprepitant and aprepitant. HEC-naïve patients 
treated with cisplatin at a dose equal or greater than 70 mg/m 2  got ondansetron and 
dexamethasone and a standard aprepitant regimen of 125 mg on day 1, 80 mg on 
day 2, 80 mg on day 3, compared to a single-dose fosaprepitant regimen of 150 mg 
on day 1. The primary endpoint of the study was CR (defi ned as no vomiting, no 
rescue medication during the overall phase). The study enrolled a total of 2,322 
patients; a total of 2,247 were evaluable for effi cacy. These data confi rm that anti-
emetic protection with aprepitant and fosaprepitant was non-inferior. More frequent 
infusion site pain, erythema, and thrombophlebitis were seen with fosaprepitant 
compared to aprepitant (2.7 % vs. 0.3 %, respectively). 

 In a separate study, Saito et al. [ 35 ] assessed the effectiveness and safety of 
single- dose fosaprepitant in combination with intravenous granisetron and dexa-
methasone in patients receiving cisplatin-based HEC chemotherapy at doses 
≥70 mg/m 2 . In total, 347 patients were entered to receive the fosaprepitant 150 mg 
on day 1 in combination with granisetron 40 μg/kg and dexamethasone. All drugs 
were given intravenously. The control regimen consisted of placebo plus  intravenous 
granisetron and dexamethasone. The percentage of patients who attained a CR was 
signifi cantly greater in the fosaprepitant group than in the control group (64 % com-
pared to 47 %,  P  = 0.0015). The fosaprepitant regimen was more active than the 
control treatment in the acute phase (94 % vs. 81 %,  P  = 0.0006) as well as the 
delayed phase (65 % vs. 49 %,  P  = 0.0025). These authors concluded that a single- 
dose fosaprepitant given in combination with granisetron and dexamethasone was 
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well tolerated and active in preventing CINV in patients treated with HEC. This 
study shows that a single dose of aprepitant or fosaprepitant also improves the anti-
emetic effects provided by standard 5HT3 RA and corticosteroid therapy over stan-
dard therapy alone. It also provides a comparable level of effi cacy as a 3-day 
aprepitant regimen.  

5.4.4     Dosing Over Multiple Chemotherapy Cycles 

 The effi cacy of aprepitant in protecting against CINV experienced over multiple 
cycles of cisplatin-based chemotherapy was reported in two different studies [ 36 , 
 37 ]. One of these studies evaluated extension data from the two large randomized 
phase III clinical trials, evaluating the protective effi cacy of aprepitant against CINV 
over additional multiple courses of chemotherapy treatment. A total of 1,099 patients 
from these phase III studies continued receiving the same antiemetic agents they had 
been using for up to fi ve additional cycles of chemotherapy [ 37 ]. The trial was 
designed to investigate a combined exploratory endpoint of no emesis and no signifi -
cant nausea (defi ned as nausea interfering with a patient’s normal activities). The 
aprepitant control rates over the multiple cycles were consistently higher than those 
in the group receiving standard therapy ( P  ≤ 0.006 for all cycles) [ 37 ]. The rate of 
CINV prophylaxis showed a minimal loss of protection from cycle 1 to cycle 6, 
indicating that antiemetic effects of aprepitant are sustained through multiple cycles 
of chemotherapy [ 37 ]. Also, aprepitant was well tolerated with repeated dosing [ 37 ].  

5.4.5     Rolapitant 

 Rolapitant is a promising agent and was studied in multicenter, randomized, double- 
blind, placebo-controlled, dose range-fi nding study given orally in subjects receiv-
ing highly emetogenic chemotherapy (HEC ≥70 mg/m 2  cisplatin-based 
chemotherapy). The study included a total of 454 subjects. Patients were random-
ized to receive ondansetron, dexamethasone, and either placebo of 10, 25, 100, or 
200 mg of rolapitant prior to treatment with cisplatin on day 1 of each cycle. The 
rolapitant 200 mg group had signifi cantly greater CR in the overall, acute phase and 
delayed phase when compared to the control group (62.5 % vs. 46.7 %,  p  = 0.032; 
87.6 % vs. 66.7 %,  p  = 0.001; and 63.6 % vs. 48.9 %,  p  = 0.045) [ 38 ]. 

 Of interest these patients had higher rates of no signifi cant nausea (a maximum 
visual analog score <25 mm) in the overall, acute, and delayed phases compared to 
the control group (63.2 % vs. 42.2 %,  p  = 0.005; 86.5 % vs. 73.3 %,  p  = 0.029; and 
64.4 % vs. 47.8 %,  p  = 0.026, respectively). These results suggested a benefi t over 
current treatments. Nausea continues to be a clinically signifi cant problem in the 
management of CINV. These fi ndings were recently confi rmed in two randomized 
phase III studies with adequate design and validated endpoints (Rapoport ASCO 
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2014) [ 39 ,  40 ]). This phase III program comprised of two global, randomized, dou-
ble-blind, active-controlled, parallel-group phase III studies. Patients received an 
oral 180-mg rolapitant dose or placebo before HEC administration (rolapitant 
HEC-1 study with 526; rolapitant HEC-2 study, with 544 patients). All patients 
received granisetron (10 μg/kg intravenously) and dexamethasone (20 mg orally) on 
day 1 and dexamethasone (8 mg orally) on days 2–4. The primary endpoint was 
complete response (CR) rate (no emesis or rescue medication) in the delayed phase 
(>24–120 h). The two rolapitant HEC studies achieved the primary endpoint, and 
rolapitant demonstrated superiority over the active control. Rolapitant-treated 
patients had signifi cantly higher CR rates (odds ratio [95 % CI]) than controls in the 
delayed phase (HEC-1 (72 · 7 % vs. 58 · 4 %) and HEC-2 (70 · 1 % vs. 61 · 9 %); 
pooled studies, 71 · 4 % vs. 60 · 2 %)[ 39 ]. 

 The MEC program consisted of a global, randomized, double-blind, active- 
controlled, parallel-group phase III study of 1,344 patient naïve to MEC or 
HEC. Patients were randomized to receive a 180-mg rolapitant single dose or pla-
cebo approximately 30 min prior to an administration of MEC. Approximately half 
of those patients received anthracycline/cyclophosphamide (AC)-based chemother-
apy (703 patients) and the other half non-AC chemotherapy (629 patients). 

 The primary endpoint of the MEC study was complete response rate consisting 
of no emesis or rescue medication in the delayed phase (>24–120 h). 

 This MEC study successfully achieved the primary endpoint. Treatment with 
rolapitant resulted in a signifi cantly higher CR rate in the delayed phase (71 · 3 % vs. 
61 · 6 %,  p  < 0 · 001) compared with control. The trial demonstrated the advantage of 
adding an NK1 RA to active control for the prevention of CINV in patients receiv-
ing MEC. A prespecifi ed exploratory logistic regression analysis, which adjusted 
for gender, region, age, and use of AC-based chemotherapy confi rmed the primary 
analysis. When analyzed by chemotherapy subgroups for both AC-based (66.9 % 
vs. 59.5;  p  = 0.05) and non-AC-based (76.1 % vs. 63 · 8;  p  = <0.001) subgroups, 
treatment with rolapitant resulted in signifi cantly higher CR rates than control in the 
delayed phase in both subgroups.  

5.4.6     Netupitant 

 NEPA is an oral fi xed-dose combination of netupitant and palonosetron. The com-
bination targets the two pathways associated with acute and delayed CINV, the sero-
tonin and the substance P-mediated pathways. NEPA was researched in recent 
phase II and phase III clinical trials for the prophylaxis of CINV in patients receiv-
ing MEC and HEC regimes. 

 A different characteristic of palonosetron is related to the binding of the 5-HT3 
receptor and is markedly different from the binding of the ondansetron, granisetron, 
tropisetron, and dolasetron [ 41 ,  42 ]. The binding property is possibly improving the 
effects in the delayed CINV compared to the fi rst-generation 5-HT3 receptor 
antagonists. 
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 A recent phase III, multinational, randomized, double-blind, parallel-group 
study evaluated the effi cacy and safety of a single oral dose of NEPA (netupitant 
300 mg and palonosetron 0.50 mg) compared to a single oral 0.50 mg dose of palo-
nosetron as a single agent. A total of 1,455 chemotherapy-naïve patients receiving 
anthracycline-based chemotherapy were enrolled into the study. All patients 
received oral dexamethasone at a dose of 12 mg in the NEPA arm, or 20 mg of 
dexamethasone in the palonosetron arm, on the fi rst day of each cycle. 

 Most patients were white females undergoing treatment for breast cancer. The 
primary endpoint of the trial was CR during the delayed phase (25–120 h). NEPA 
showed superiority in terms of CR rates compared to palonosetron during the 
delayed, acute, and overall phases. NEPA was also better to palonosetron during the 
delayed and overall phases for complete protection defi ned as no emesis and no 
signifi cant nausea. Treatment with NEPA was well tolerated. The frequency of 
headache was 3.3 % and constipation 2.1 %. The authors concluded that NEPA was 
superior to palonosetron in preventing CINV in breast cancer patients receiving 
MEC. Additionally, there was no evidence of any cardiac safety concerns for NEPA 
or palonosetron [ 28 ]. 

 In summary, dexamethasone doses in the NEPA trials were 12 mg orally on day 
1 (for HEC/AC). An additional 8 mg on days 2–4 in the HEC setting should be 
administered. For patients receiving HEC and MEC, the dexamethasone doses to be 
prescribed with NEPA are similar to the dose recommended for aprepitant.   

5.5     NEPA in HEC and MEC 

 NEPA was also assessed in HEC. The fi rst was a double-blind, parallel- group trial 
in 694 chemotherapy naïve patients undergoing cisplatin-based HEC chemotherapy. 
The study compared three different doses of oral netupitant 100, 200 and 300 mg 
plus palonosetron 0,5 mg (NEPA) to oral palonosetron 0.5 mg given  on day 1. An 
additional comparator control arm consisted of a standard 3-day oral aprepitant and 
IV ondansetron at a dose of 32 mg regimen. Patients in all treatment arms got oral 
dexamethasone on days 1 to day 4 [ 28 ]. The primary effi cacy endpoint was the 
complete response for the overall (0–120 h) phase. 

 Results of this study showed that all the NEPA arms of the study were signifi -
cantly superior in terms of overall complete response rates compared to palonose-
tron alone. The 300-mg NEPA dose showed a numerical improvement over the 
lower doses. Additionally, there was no signifi cant difference detected in the overall 
complete response in the NEPA treatment arms and the aprepitant arm. NEPA had 
a low incidence of adverse events in all treatment groups [ 28 ]. 

 A phase III clinical trial was conducted for the prevention of CINV in 
patients receiving MEC [ 43 ]. The study was a multinational, randomized, dou-
ble-blind, parallel-group phase III trial in 1,455 chemotherapy naïve patients 
receiving MEC (patients receiving anthracycline and cyclophosphamide were 
included in the trial). Patients were randomized to a single oral dose of NEPA 
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at a dose of 300-mg netupitant with palonosetron at a dose of 0.50 mg or a 
single oral dose of palonosetron (0.50 mg) prior to the administration of chemo-
therapy on day 1. All patients received oral dexamethasone on day 1 at a dose 
of 12 mg in the NEPA arm or 20 mg of dexamethasone in the palonosetron arm. 
The primary efficacy endpoint was the complete response during the delayed 
(24–120 h) time. The complete response during the delayed phase was signifi-
cantly superior to the NEPA group of patients compared to the palonosetron 
patient group. NEPA had a good tolerability and a similar side effect profile 
compared to palonosetron [ 43 ].  

5.6     NEPA in Subsequent Cycles of Chemotherapy 

 A multiple cycle extension study was conducted in of 1,286 patients of the original 
1,455 patients in the MEC phase III trial. Four cycles of chemotherapy were com-
pleted in 76 % of the patients. Treatment groups were comparable. NEPA group 
superiority was proved compared to the palonosetron group for complete response 
in the overall (0–120 h) period in cycle one that was shown during the multiple 
cycles of chemotherapy. Patients receiving NEPA had a low incidence of adverse 
events, consisting of headache in 3.5 % and constipation in 2.0 %, during the mul-
tiple cycle extension. There was no difference in adverse reactions in the NEPA 
compared to the palonosetron group [ 25 ]. 

 NEPA appears to be associated with a better control of nausea compared to palo-
nosetron alone. The patients treated in two randomized, multinational studies [ 28 , 
 43 ] who underwent NEPA (fi xed dose of netupitant 300 mg plus palonosetron 
0.50 mg) or palonosetron and dexamethasone prior to chemotherapy treatment with 
cisplatin or anthracycline plus cyclophosphamide were evaluated for no signifi cant 
nausea (<25 mm, 0–100 mm, visual analog scale). The NEPA group had a higher 
number of patients with no signifi cant nausea; this effect was most manifest in the 
delayed nausea phase of the cisplatin group of patients [ 44 ]. 

 The US FDA approved NEPA (Akynzeo®, Helsinn Healthcare SA, Switzerland) 
to treat chemotherapy-induced nausea and vomiting in October 2014 [ 45 ].  

5.7     NK1 RA with High-Dose Chemotherapy 
and in Peripheral Stem Cell Transplantation 

5.7.1     Aprepitant 

 Highly emetogenic preparative regimens before autologous or allogeneic SCT 
typically take up to a week to administer; therefore, the need to deliver aprepitant 
for longer than the 3 days approved by the FDA might have safety implications. 
A recent randomized phase III study investigating the use of antiemetic regimen 
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administered on each day of the preparative regimen plus an additional 1–3 days 
has recently been reported. The clinical study tested ondansetron and dexametha-
sone with or without aprepitant in 264 patients that have been treated with high-
dose preparatory regimens and showed a signifi cant reduction in emesis and 
nausea, without increasing regimen-related toxicity or the use of rescue medica-
tion [ 46 ]. 

 A similar study, assessing the combination of aprepitant, palonosetron, and 
dexamethasone, revealed that the combination was safe and effi cacious for the 
prevention of nausea and emesis in patients receiving high-dose BEAM (carmus-
tine, etoposide, cytarabine, melphalan) prior to hematopoietic SCT [ 47 ]. 
Furthermore, an aprepitant-based antiemetic regimen given prior to high-dose 
cytarabine showed a minimal effect on autologous peripheral blood stem cell 
mobilization [ 48 ]. 

 Aprepitant did not alter the pharmacokinetics of high-dose melphalan used as 
conditioning therapy before SCT in patients with multiple myeloma [ 49 ]. 

 The effi cacy of aprepitant in patients with multiple myeloma undergoing chemo-
therapy with autologous stem cell transplant was investigated in two phase II [ 50 , 
 51 ] and one phase III clinical studies [ 50 ]. The phase II studies are diffi cult to evalu-
ate because these small studies have different response and eligibility criteria [ 50 , 
 51 ]. A phase III study was recently published. Eligible patients with multiple 
myeloma were randomized to receive either aprepitant administered at a dose of 
125 mg orally on day 1 and 80 mg orally on days 2–4, granisetron (at a dose of 2 mg 
orally on days 1–4), and dexamethasone (at a dose of 4 mg orally on day 1 and 2 mg 
orally on days 2–3) or matching placebo. The placebo arm consisted of granisetron 
(at a dose of 2 mg orally on days 1–4) and dexamethasone (at a dose of 8 mg orally 
on day 1 and 4 mg orally on days 2–3). The high-dose chemotherapy consisted of 
melphalan at a dose of 100 mg/m 2  was administered intravenously on days 1–2. The 
autologous stem cell translation was performed on day 4. The primary endpoint was 
a complete response, defi ned as no emesis and no rescue therapy within 120 h of 
melphalan administration [ 50 ]. 

 A total of 362 patients were available for the effi cacy analysis, with 181 in 
each treatment arm. Patients who attained a complete response were signifi cantly 
higher in the aprepitant arm compared to the control group (58 % vs. 41 %; 95 % 
CI, 1.23–3.00;  P  = 0.0042). Absence of major nausea (94 % vs. 88 %; CI, 1.09–
5.15;  P  = 0.026) and emesis (78 % vs. 65 %; 95 % CI, 1.25–3.18;  P  = 0.0036) 
within 120 h was signifi cantly increased by aprepitant. The mean total FLIE 
score (± standard deviation) was 114 ± 18 for aprepitant and 106 ± 26 for placebo 
( P  < 0.001). 

 The authors concluded that the addition of aprepitant resulted in signifi cantly 
less CINV and had a positive impact on the quality of life, in patients with multiple 
myeloma undergoing high-dose melphalan and stem cell rescue [ 50 ]. Aprepitant 
was well tolerated in the three multiple myeloma studies [ 50 ]. 

 It is important to emphasize that until recently there are very few studies assess-
ing the effi cient use of antiemetics for patients undergoing high-dose chemotherapy 
with stem cell support. Most reports include phase II investigations of a 5-HT3 
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receptor antagonist alone or in combination with dexamethasone. A major chal-
lenge in evaluating patients in this setting is the multifactorial nature of nausea and 
vomiting in this setting. In addition to chemotherapy agents, other contributing 
causes of emesis include the use of antibiotics administered prophylactically, nar-
cotic analgesics, and in some patients the usage of total body irradiation. Cross 
comparison of studies is complicated due to the varied chemotherapy regimens and 
different patient populations and tumor types. Additionally, the majority of patients 
have experienced emesis with prior chemotherapy or irradiation.  

5.7.2     Adverse Events Related to NK1 RA 

 The incidence of toxicities of NK1 RA was assessed in a systematic review of 
17 trials with 8,740 patients when NK1 RA are added to 5HT RA and cortico-
steroids antiemetic regimens for the prevention of CINV. It was noted that the 
addition of an NK1 RA resulted in a statistically signifi cant, but clinically triv-
ial, differences in fatigue and hiccups compared with controls [ 52 ]. The study 
also demonstrated a statistically signifi cant increase in the risk of severe infec-
tion among patients who received NK1 RA (OR 3.10;  P  < 0.001) [ 52 ]. It is 
important to highlight that the difference was largely from an individual study, 
which used high doses of dexamethasone [ 53 ] and not primarily from the use of 
aprepitant. 

 Fosaprepitant has similar tolerability profi le to aprepitant. However, fosapre-
pitant is associated with a higher incidence of infusion site adverse events 
(2.2 % vs. 0.4 %) and signifi cantly more thrombophlebitis (0.8 %. vs. 0.1 %; 
 P  = 0.005) [ 54 ].  

5.7.3     Drug–Drug Interactions with NK1 RA 

 Aprepitant is extensively metabolized by liver enzymes, primarily CYP3A4; there-
fore, potent CYP3A4 inhibitors can increase aprepitant exposure, and potent 
CYP3A4 inducers can reduce aprepitant exposure [ 55 ]. Aprepitant is also, paradoxi-
cally, both an inducer and a moderate inhibitor of CYP3A4 [ 56 ]. Thus, the potential 
for drug–drug interactions exists when aprepitant is coadministered with other drugs 
that are metabolized by CYP enzymes, including chemotherapeutic agents [ 57 ]. 

 Netupitant is metabolized by CYP3A4 and is also an inhibitor of CYP3A4. 
Netupitant is a moderate inhibitor of the cytochrome P450 3A4 (CYP3A4). 
Therefore, drug-drug interactions are possible, similar to aprepitant. 

 Rolapitant is a potent, highly selective, competitive NK1 RA. It does not induce 
or inhibit CYP3A4. The other NK1 RA aprepitant and netupitant does not possess 
this unique property. This unique mechanism of action may be usual in patients with 
comorbidities requiring concurrent medications.   

5 The Role of Neurokinin-1 Receptor Antagonists in CINV



100

5.8     Future Directions and Current Guidelines 

 Multinational Association of Supportive Care in Cancer (MASCC), the National 
Comprehensive Cancer Network (NCCN), and the American Society for Clinical 
Oncology (ASCO) have developed evidence-based guidelines. 

 Evidence-based indications for the usage of NK1 RA are endorsed in combina-
tion with 5-HT3 RA and dexamethasone (triple therapy prophylaxis). Triple therapy 
is recommended as the preferred treatment for preventing CINV associated with 
HEC and MEC AC-based chemotherapy. 

 Fosaprepitant was recently evaluated in non-AC in a global, phase III, random-
ized, double-blind trial. The study included naïve to MEC and HEC patients. 
Subjects were randomly assigned 1:1 to a control or fosaprepitant regimen. The 
control group received treatment with oral ondansetron at a dose of 8 mg, 20 mg 
of dexamethasone, and IV saline as placebo before the fi rst dose of MEC on day 1 
and 8 mg of oral ondansetron 8 h after the fi rst dose, followed by 8 mg of oral 
ondansetron every 12 h on days 2 and 3. Patients in the fosaprepitant regimen 
received the similar dose of oral ondansetron on day 1, along with 12-mg dexa-
methasone and a single dose of 150-mg IV fosaprepitant before the fi rst dose of 
MEC on day 1, with no additional prophylactic antiemetic beyond day 1. The 
study population consisted of 1,000 patients (502 received fosaprepitant and 
498 in the control group). In the study, the primary endpoint was CR during the 
delayed phase. The study achieved the primary endpoint. CR in the delayed phase 
was achieved in 396 patients (78.9 %) in the fosaprepitant arm and 341 patients 
(68.5 %) in the control arm during the delayed phase (treatment difference of 
10.4 %,  P  < 0.001) [ 58 ]. 

 The recent fosaprepitant and the rolapitant MEC study are potentially practice- 
changing [ 28 ,  36 – 52 ]. It is very likely that these studies will result in the guideline 
inclusion of NK1 RA for the prophylaxis of non-AC MEC regimes including carbo-
platin and non-carboplatin non-AC-based treatments. 

 Another important indication for guideline inclusion is the usage of NK1 RA for 
the prevention of CINV in patients undergoing high-dose chemotherapy and stem 
cell support. Recent phase III studies demonstrate the benefi cial effect of NK1 RA 
in this indication. 

 Finally, an additional indication for triple antiemetic prophylaxis for CINV 
includes patients with germ cell tumors undergoing multiple-day cis-platinum- 
based treatment. Aprepitant in this setting was studied in 71 patients’ randomized 
trial. Among 69 patients were evaluable, and 35 patients were randomly assigned 
to receive an aprepitant-based triple therapy antiemetic prophylaxis and 34 to 
receive placebo, 5HT3 RA and corticosteroids antiemetic prophylaxis for the fi rst 
course of chemotherapy treatment. The study showed that 42 % achieved a CR with 
aprepitant compared with 13 % with placebo ( P  < 0.001). Eleven patients (16.2 %) 
had at least one emetic episode during the aprepitant cycle versus 32 patients 
(47.1 %) with placebo. There was no additional toxicity with aprepitant compared 
with placebo [ 59 ].  

B.L. Rapoport



101

5.9     Conclusion 

 Antiemetic therapy has advanced signifi cantly in the last decade with the addition 
of NK1 RA to the therapeutic options. Aprepitant, fosaprepitant, netupitant, and 
rolapitant enhance the effectiveness of the antiemetic combination of a corticoste-
roid and 5HT3 RA for controlling the acute and delayed phases of CINV. There has 
been a signifi cant improvement in CR rate with aprepitant combined with a 
5HT3-RA and dexamethasone for patients undergoing HEC, AC, and MEC non-AC 
regimes. Additionally, the use of aprepitant was associated with an improvement in 
CR in patients undergoing high-dose chemotherapy with stem cell support and 
patients undergoing multiple-day chemotherapy treatments. These new develop-
ments are likely to be refl ected in CINV guidelines soon.     
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 Olanzapine for the Prevention 
of Chemotherapy-Induced Nausea 
and Vomiting                     

       Rudolph     M.     Navari     

6.1            Introduction 

6.1.1     Chemotherapy-Induced Nausea and Vomiting 

 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 ]. The use of 5-hydroxytryptamine-3 (5-HT 3 ) receptor 
antagonists plus dexamethasone has signifi cantly improved the control of CINV [ 2 ]. 
Recent studies have demonstrated additional improvement in the control of CINV 
with the use of new agents: palonosetron, a second generation 5-HT 3  receptor antag-
onist [ 3 ]; NK-1 receptor antagonists aprepitant, netupitant, and rolapitant [ 4 – 6 ]; and 
olanzapine, an antipsychotic which blocks multiple neurotransmitters in the central 
nervous system [ 7 – 9 ]. 

 The primary end point used for studies evaluating various agents for the control 
of CINV has been complete response (CR) (no emesis, no use of rescue medication) 
over the acute (24 h post-chemotherapy), delayed (24–120 h), and overall (0–120 h) 
periods [ 2 ]. Recent studies have shown that the combination of a 5-HT 3  receptor 
antagonist, dexamethasone, and a NK1 receptor antagonist have been very effective 
in controlling emesis in patients receiving either highly emetogenic chemotherapy 
(HEC) or moderately emetogenic chemotherapy (MEC) over a 120 h period follow-
ing chemotherapy administration [ 4 – 6 ]. Many of these same studies have measured 
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nausea as a secondary end point and have demonstrated that nausea has not been 
well controlled [ 10 ]. 

 Emesis is a well-defi ned event which is easily measured, but nausea may be more 
subjective and more diffi cult to measure. There are, however, two well-defi ned mea-
sures of nausea which appear to be effective measurement tools which are reproduc-
ible: the visual analogue scale (VAS) and the Likert scale [ 11 ]. 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, moder-
ate, or severe.  

6.1.2     Defi nition of Nausea 

 Nausea is a subjective, diffi cult to describe, sick, or queasy sensation, usually per-
ceived as being in the stomach that is sometimes followed by emesis [ 11 ]. The 
experience of nausea is diffi cult to describe in another person because it is a subjec-
tive sensation. Nausea and emesis are not necessarily 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 awareness of unusual sensations in 
the “vomiting center” of the brainstem (Fig.  6.1 ), but the existence of such a center 
and its relationship to nausea remain controversial [ 11 ].

   Figure  6.2  illustrates the various receptors that are considered to be involved in 
CINV.

  Fig. 6.1    Physiology of chemotherapy-induced emesis       
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   These receptors are located both in the periphery such as the gastrointestinal tract 
and in the central nervous system. Various antiemetic agents have been developed 
as 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 substance 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 [ 8 ,  10 ].   

6.2     Olanzapine 

6.2.1     Mechanism of Action 

 Olanzapine, an atypical antipsychotic agent of the thienobenzodiazepine class, was 
approved by the FDA for the treatment of the manifestations of psychotic disorders 
in 1996 [ 12 ,  13 ] with a generic available in 2011. Olanzapine blocks multiple neu-
rotransmitter receptors including dopaminergic at D 1 , D 2 , D 3 , and D 4  brain recep-
tors; serotonergic at 5-HT 2a , 5-HT 2c , 5-HT 3 , and 5-HT 6  receptors; catecholamines at 
alpha 1  adrenergic receptors; acetylcholine at muscarinic receptors; and histamine at 
H 1  receptors [ 14 ]. Olanzapine has fi ve times the affi nity for 5-HT 2  receptors than D 2  
receptors [ 15 ] and is used to treat schizophrenia and delirium [ 16 ,  17 ]. Olanzapine 
may reduce opioid requirements in cancer patients with uncontrolled pain, cognitive 
impairment, or anxiety [ 18 ]. 

 The detailed mechanism of the effect of olanzapine in reducing CINV is 
unknown, but olanzapine does block the neurotransmitters dopamine and serotonin 
which are known mediators of CINV [ 14 ,  19 ]. Olanzapine blocks the serotonin- 
mediated 5-HT 2C  receptor, a receptor which has been shown to mediate antiemetic 
activity in animal models (ferret cisplatin-induced emesis and cisplatin-induced 
anorexia in the hypothalamus of rats) [ 20 ,  21 ] as well as weight loss in humans [ 22 ]. 

Neurotransmitters involved in emesis

Emetic center
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Histamine

Endorphins

Acetylcholine

Dopamine
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Serotonin

  Fig. 6.2    Neurotransmitters involved in emesis       
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The effect of olanzapine on this receptor as well as other dopamine and serotonin 
receptors may explain in part its effi cacy in CINV. 

 A benefi t of olanzapine is that it is not a cytochrome P450 inhibitor and appears 
to have few drug interactions [ 14 ]. 

 Common side effects are sedation and weight gain [ 23 ,  24 ], as well as an associa-
tion with the onset of diabetes mellitus [ 25 ].  

6.2.2     Treatment of Nausea/Case Reports 

 There have been case reports on the use of olanzapine as an antinausea agent [ 26 –
 31 ]. A patient with leukemia reported a signifi cant improvement in chronic nausea 
with the use of olanzapine [ 30 ], and in six patients receiving palliative care, olanzap-
ine was found to be effective for intractable nausea due to opioids, neoplasm, and/
or medications [ 26 ]. Olanzapine was effective in controlling refractory nausea and 
vomiting in two patients with advanced cancer [ 31 ]. In a case report, olanzapine was 
effective in controlling opioid-induced nausea [ 32 ], and in an open label trial, olan-
zapine was effective in reducing nausea in 15 advanced cancer patients with opioid-
induced nausea [ 29 ]. In a retrospective chart review of 28 patients who received 
olanzapine on a needed basis following moderate to highly emetogenic chemother-
apy, the data suggested that olanzapine may decrease delayed emesis [ 28 ]. 

 Bowel obstruction is one of the most common complications in patients with 
advanced cancer either due to the ingestion of pain medications, large or small 
intestinal dysfunction, or other tumor-induced issues [ 13 ]. A retrospective study 
carried out on a palliative care unit demonstrated that in 18 of 20 patients, the use of 
olanzapine led to a signifi cant decrease in the average intensity score of nausea, 
suggesting a role for olanzapine in the relief of nausea in patients with incomplete 
bowel obstruction [ 13 ]. 

 Based on the above, it appears that olanzapine has signifi cant potential for use in 
the prevention and treatment of nausea in a palliative care setting as well as patients 
with opioid-induced nausea. Due to its mechanism of action of blocking multiple 
neurotransmitter receptors, it can be used as a single agent, and due to its long half- 
life, it can be given as once-daily dosing that would improve patient compliance.  

6.2.3     Prevention of Chemotherapy-Induced Nausea 
and Vomiting 

6.2.3.1     Phase I Trial 

 The case reports discussed above prompted a phase I study in which olanzapine was 
added to the prophylactic antiemetics granisetron and dexamethasone in cancer 
patients receiving their fi rst cycle of chemotherapy in order to determine the maxi-
mum tolerated dose as an antiemetic [ 33 ]. The phase I study was designed with 

R.M. Navari



111

olanzapine, utilizing a four-cohort dose escalation of three to six patients per cohort, 
for the prevention of delayed emesis in cancer patients receiving chemotherapy con-
sisting of cyclophosphamide, doxorubicin, platinum, and/or irinotecan. Olanzapine 
was administered on days 2 and 1 prior to chemotherapy and continued for 8 days 
(days 0–7). Episodes of vomiting as well as daily measurements of nausea, seda-
tion, and toxicity were monitored at each dose level. Fifteen patients completed the 
protocol. No Grade 4 toxicities were seen, and three patients experienced a dose- 
limiting toxicity (Grade 3) of a depressed level of consciousness during the study. 
The maximum tolerated dose appeared to be 5 mg (for days 2 and 1) and 10 mg (for 
days 0–7). Four of six patients receiving HEC (cisplatin, ≥70 mg/m 2 ) and nine of 
nine patients receiving MEC (doxorubicin, ≥50 mg/m 2 ) had a CR of delayed eme-
sis. Using the maximum tolerated dose of olanzapine in the phase I trial, a phase II 
trial was performed for the prevention of chemotherapy-induced nausea and vomit-
ing in patients receiving their fi rst course of either HEC or MEC.  

6.2.3.2     Phase II Trials 

 Using the maximum tolerated dose of olanzapine in the previously described phase 
I trial [ 33 ], a phase II trial was performed for the prevention of chemotherapy- 
induced nausea and vomiting in chemotherapy-naive patients. The regimen was 
5 mg/day of oral olanzapine on the 2 days prior to chemotherapy; 10 mg of olanzap-
ine on the day of chemotherapy, day 1 (added to intravenous granisetron, 10 mcg/kg 
and dexamethasone, 20 mg); and 10 mg/day on days 2–4 after chemotherapy (added 
to dexamethasone, 8 mg p.o. BID, days 2, 3 and 4 mg p.o. BID, day 4). Thirty 
patients (median age 58.5 years, range 25–84; 23 females; ECOG PS 0,1) consented 
to the protocol and all were evaluable. CR was 100 % for the acute period (24 h 
post-chemotherapy), 80 % for the delayed period (days 2–5 post-chemotherapy), 
and 80 % for the overall period (0–120 h post-chemotherapy) in ten patients receiv-
ing HEC (cisplatin, ≥70 mg/m 2 ). CR was also 100 % for the acute period, 85 % for 
the delayed period, and 85 % for the overall period in 20 patients receiving MEC 
(doxorubicin, ≥50 mg/m 2 ). Nausea was very well controlled in the patients receiv-
ing HEC with no patient having nausea (0 on a scale of 0–10, MD Anderson 
Symptom Inventory (MDASI)) in the acute or delayed periods. Nausea was also 
well controlled in patients receiving MEC with no nausea in 85 % of patients in the 
acute period and 65 % in the delayed and overall periods. There were no Grade 3 or 
4 toxicities and no signifi cant pain, fatigue, disturbed sleep, memory changes, dys-
pnea, lack of appetite, drowsiness, dry mouth, mood changes, or restlessness expe-
rienced by the patients. CR and control of nausea in subsequent cycles of 
chemotherapy (25 patients, cycle 2; 25 patients, cycle 3; 21 patients, cycle 4) were 
equal to or greater than cycle 1. Based on this phase II study, olanzapine appeared 
to be safe and highly effective in controlling acute and delayed chemotherapy- 
induced nausea and vomiting in patients receiving HEC and MEC [ 34 ]. 

 An additional phase II study was performed with olanzapine to determine the con-
trol of acute and delayed chemotherapy-induced nausea and vomiting (CINV) in 
patients receiving MEC and HEC with the combined use of palonosetron, olanzapine, 
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and dexamethasone with the dexamethasone given on day 1 only. Forty chemotherapy- 
naïve patients received on the day of chemotherapy, day 1, an antiemetic regimen 
consisting of dexamethasone, palonosetron, and olanzapine. Patients continued olan-
zapine for days 2–4 following chemotherapy administration. Patients recorded daily 
episodes of emesis, daily symptoms utilizing the MD Anderson Symptom Inventory, 
and the utilization of rescue therapy. For the fi rst cycle of chemotherapy, the CR for 
the acute period (24 h post-chemotherapy) was 100 %, the delayed period (days 2–5 
post-chemotherapy) 75 %, and the overall period (0–120 h post-chemotherapy) 75 % 
in 8 patients receiving HEC and was 97 %, 75 %, and 72 % in 32 patients receiving 
MEC. Patients with no nausea for the acute period was 100 %, the delayed period 
50 %, and the overall period 50 % in 8 patients receiving HEC and was 100 %, 78 %, 
and 78 % in 32 patients receiving MEC. The CR and control of nausea in subsequent 
cycles of chemotherapy were not signifi cantly different from cycle 1. Olanzapine 
combined with a single dose of dexamethasone and a single dose of palonosetron was 
very effective in controlling acute and delayed CINV in patients receiving both HEC 
and MEC [ 35 ]. 

 Compared to the previous phase I and phase II studies, olanzapine was given for 
only 4 days (the day of chemotherapy and 3 days post-chemotherapy), and there 
was no dexamethasone given post-chemotherapy in the delayed period. Despite the 
reduced number of daily doses of olanzapine and dexamethasone, the antiemetic 
regimen was highly effective in the prevention of chemotherapy-induced nausea 
and vomiting in patients receiving MEC or HEC.  

6.2.3.3     Phase III Trials 

 A phase III study was designed to evaluate the activity and safety of olanzapine 
compared with 5-HT 3  receptor antagonists for the prevention of chemotherapy- 
induced nausea and vomiting in patients receiving HEC or MEC [ 9 ]. The study also 
evaluated the impact of olanzapine on the quality of life of cancer patients during 
the chemotherapy period. 

 Two hundred twenty-nine patients receiving MEC or HEC were randomly 
assigned to azasetron (day 1), dexamethasone (day 1), and olanzapine (days 1–5) 
or to azasetron (day 1) and dexamethasone (days 1–5). The primary end point was 
CR for the acute period (24 h post-chemotherapy), delayed period (24–120 h post- 
chemotherapy), and overall period (0–120 h post-chemotherapy). The secondary 
end points were quality of life post-chemotherapy, safety, and toxicity. CR was 
signifi cantly improved for patients receiving either MEC or HEC for the olanzap-
ine group in the delayed and the overall periods (Figs.  6.3  and  6.4 ). There was no 
difference between the groups for the acute period. The patients receiving olan-
zapine had a signifi cant improvement in global health status, emotional function-
ing, social functioning, fatigue, insomnia, and appetite loss. Seventy-three percent 
of the patients who received olanzapine reported sleepiness during the chemo-
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  Fig. 6.3    Complete response in patients receiving highly emetogenic chemotherapy       
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therapy, but there were no Grade 3 or 4 toxicities. The side effect of sleepiness 
may have effectively relieved insomnia and agitation which can be caused by 
dexamethasone. The study concluded that olanzapine improved the CR of delayed 
CINV and quality of life in patients receiving MEC and HEC. Olanzapine was safe 
with no Grade 3 or 4 toxicities [ 9 ].

    An additional phase III study was recently performed to compare the effective-
ness of olanzapine and aprepitant for the prevention of chemotherapy-induced nau-
sea and vomiting in patients receiving HEC [ 7 ]. Chemotherapy-naïve patients 
receiving cisplatin (≥70 mg/m 2 ) or cyclophosphamide (≥500 mg/m 2 ) and doxorubi-
cin (≥50 mg/m 2 ) were randomized to either olanzapine or aprepitant in combination 
with palonosetron and dexamethasone. The olanzapine regimen was 10 mg of oral 
olanzapine, 0.25 mg of IV palonosetron, 20 mg IV pre-chemotherapy of dexameth-
asone on day 1 and 10 mg/day of oral olanzapine alone on days 2–4  post- chemotherapy. 
The aprepitant, palonosetron, and dexamethasone regimen was 125 mg of oral apre-
pitant, 0.25 mg IV palonosetron, and 12 mg IV of dexamethasone on day 1 and 
80 mg oral aprepitant with 4 mg dexamethasone BID on days 2 and 3. Two hundred 
and fi fty-one patients consented to the protocol and were randomized. Two hundred 
forty-one patients were evaluable. CR was 97 % for the acute period (24 h post-
chemotherapy), 77 % for the delayed period (days 2–5 post- chemotherapy), and 
77 % for the overall period (0–120 h) for 121 patients receiving the olanzapine regi-
men. CR was 87 % for the acute period, 73 % for the delayed period, and 73 % for 
the overall period in 120 patients receiving the aprepitant regimen. Patients without 
nausea (0, scale 0–10, M.D. Anderson Symptom Inventory) were placed on olan-
zapine regimen at 87%, acute; 69%, delayed; and 69%, overall and aprepitant regi-
men at 87%, acute; 38%, delayed; and 38%, overall (Fig.  6.5 ). There were no Grade 
3 or 4 toxicities. Grade I or II levels of sedation were not available from the study. 
CR and control of nausea in subsequent chemotherapy cycles were equal to or 
greater than cycle 1 for both regimens. Olanzapine, palonosetron, and dexametha-
sone were comparable to aprepitant, palonosetron, and dexamethasone in the con-
trol of chemotherapy-induced emesis. Nausea was signifi cantly better controlled 
with olanzapine, palonosetron, and dexamethasone [ 7 ].

   The benefi t of olanzapine for decreasing nausea has been demonstrated in 
another trial. In a randomized, double-blind, placebo-controlled design [ 36 ], 44 
patients scheduled to receive MEC or HEC received a 5-HT 3  receptor antagonist, 
dexamethasone, and a NK-1 receptor antagonist. Patients were then randomized to 
receive 5 mg of olanzapine daily or placebo for 6 days beginning on the day before 
chemotherapy or placebo. CR rates and freedom from nausea were signifi cantly 
improved in the patients receiving olanzapine. 

 A recently completed randomized, double-blind, phase III trial was performed 
using olanzapine for the prevention of CINV in chemotherapy-naïve patients receiv-
ing cisplatin, ≥70 mg/m 2  or cyclophosphamide-anthracycline-based chemotherapy, 
comparing OLN to placebo in combination with aprepitant, a 5-HT 3  receptor antag-
onist, and dexamethasone. In this trial, complete freedom from nausea was the pri-
mary end point, and complete response was a secondary end point. The olanzapine 
regimen was signifi cantly more effective for the control of nausea and numerically 
had a higher complete response rate in the acute, delayed, and overall periods [ 37 ].    
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6.3     Treatment of Breakthrough Chemotherapy-Induced 
Nausea and Vomiting 

 Despite the improved control of acute and delayed CINV with new agents, break-
through CINV, nausea, and emesis which occurs despite adequate antiemetic prophy-
laxis remains a signifi cant patient problem [ 38 ]. No randomized, double-blind trials 
have investigated the use of antiemetics in the treatment of breakthrough CINV [ 39 ]. 
The Multinational Association of Supportive Care in Cancer (MASCC) [ 39 ] and the 
American Society of Clinical Oncology (ASCO) [ 40 ] guidelines have suggested that 
when breakthrough CINV occurs, the prophylactic regimen in subsequent chemother-
apy cycles should be changed by switching to a different 5-HT 3  receptor antagonist, 
substituting metoclopramide for the 5-HT 3  receptor antagonist, or adding other agents 
such as dopamine antagonists or benzodiazepines [ 39 ,  40 ]. These guidelines do not sug-
gest a treatment for breakthrough CINV. The National Comprehensive Cancer Network 
(NCCN) (  www.nccn.org    ) guidelines suggest treating breakthrough CINV with an agent 
from a drug class that was not used in the prophylactic regimen and recommend con-
tinuing the breakthrough medication if nausea and vomiting is controlled. 

 Agents used for the prevention of nausea and vomiting have not been studied for the 
treatment of established nausea and vomiting [ 41 ], and the National Cancer Institute’s 
Physician Data Query (PDQ) for supportive care states that there is no known effective 
therapy for treatment of nausea and vomiting that occurs after chemotherapy (  www.
cancer.gov/cancertopics/pdq.supportivecare/nausea/healthprofessional    ). 
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 In a recent study, olanzapine was compared to metoclopramide for the treatment 
of breakthrough CINV in chemotherapy-naïve patients receiving HEC and 
guideline- directed prophylactic antiemetics [ 8 ]. Both metoclopramide and olanzap-
ine have been recommended as single agents for the treatment of breakthrough 
CINV (NCCN), but no study has reported the effectiveness of either of these agents 
for breakthrough CINV. 

 Metoclopramide is a dopamine receptor antagonist which acts at dopamine 
receptors in the gastrointestinal tract and in the chemoreceptor zone located in the 
area postrema [ 8 ]. 

 Prior to the development of the serotonin receptor antagonists, dopamine recep-
tor antagonists were used extensively for the prevention of CINV. Metoclopramide 
is FDA approved for the treatment of nausea and vomiting, as well as the prevention 
of CINV and the prevention of postoperative nausea and vomiting [ 8 ]. 

 Since olanzapine has been shown to be a safe and effective agent for the preven-
tion of CINV, olanzapine may also be an effective rescue medication for patients 
who develop breakthrough CINV despite having received guideline-directed CINV 
prophylaxis. A double-blind, randomized phase III trial was performed for the treat-
ment of breakthrough CINV in chemotherapy-naïve patients receiving HEC (cispla-
tin, ≥70 mg/m 2  or doxorubicin, ≥50 mg/m 2  and cyclophosphamide, ≥ 600 mg/m 2 ) 
comparing olanzapine to metoclopramide. Patients who developed breakthrough 
emesis or nausea despite prophylactic dexamethasone (12 mg IV), palonosetron 
(0.25 mg IV), and fosaprepitant (150 mg IV) pre-chemotherapy and dexamethasone 
(8 mg p.o. daily, days 2–4) post-chemotherapy were randomized to receive olanzap-
ine 10 mg orally daily for 3 days or metoclopramide 10 mg orally TID for 3 days. 
Patients were monitored for emesis and nausea for the 72 h after taking olanzapine 
or metoclopramide. 

 Two hundred seventy-six patients (median age 56 years, range 38–79; 43 females; 
ECOG PS 0, 1) consented to the protocol. One hundred twelve patients developed 
breakthrough CINV and 108 were evaluable. During the 72 h observation period, 39 
of 56 (70 %) patients receiving olanzapine had no emesis compared to 16 of 52 
(31 %) patients with no emesis receiving metoclopramide ( p  < 0.01). Patients with-
out nausea (0, scale 0–10, MD Anderson Symptom Inventory) during the 72 h 
observation period were olanzapine 68 % (38 of 56) and metoclopramide 23 % (12 
of 52) ( p  < 0.01). There was no Grade 3 or 4 toxicities. In this study, olanzapine was 
signifi cantly better than metoclopramide in the control of breakthrough emesis and 
nausea in patients receiving HEC. This was the fi rst randomized phase III clinical 
trial on the treatment of breakthrough emesis and nausea [ 8 ].  

6.4     Future Applications 

 Although there have been signifi cant improvements in the prevention of chemotherapy- 
induced nausea and vomiting in patients receiving single-day HEC and MEC, there 
has been limited progress in the prevention of chemotherapy- induced nausea and 
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vomiting in patients receiving multiple-day chemotherapy or high-dose chemother-
apy with stem cell transplant. The current recommendation is to give a fi rst-genera-
tion 5-HT 3  receptor antagonist and dexamethasone daily during each day of 
chemotherapy in patients receiving multiple-day chemotherapy or high- dose chemo-
therapy with stem cell transplant [ 42 ]. This regimen appears to be at least partially 
effective in controlling acute chemotherapy-induced nausea and vomiting but is not 
very effective in controlling delayed chemotherapy-induced nausea and vomiting. 
The CR in most studies of 5 days of cisplatin and in various high-dose chemotherapy 
regimens is 30–70 %, with the majority of studies reporting a CR of ≤50 % [ 42 ]. 

 Patients should receive the appropriate prophylaxis for the emetogenic risk of the 
chemotherapy for each day of the chemotherapy treatment. Both acute and delayed 
chemotherapy-induced nausea and vomiting may occur on day 2 or subsequent che-
motherapy days and delayed chemotherapy-induced nausea and vomiting may 
occur after the last day of the multi-day chemotherapy treatment. 

 Olanzapine has been shown to be effective in controlling both acute and delayed 
chemotherapy-induced nausea and vomiting in patients receiving single-day MEC 
and HEC. Olanzapine may have application in patients receiving multiple-day or 
high-dose chemotherapy. Palonosetron has been used in one report of patients 
receiving 5 days of cisplatin [ 43 ], and Albany et al. [ 44 ] reported that the addition 
of aprepitant to a 5-HT 3  receptor antagonist and dexamethasone signifi cantly 
improved the CR in patients receiving 5 days of cisplatin. 

 Olanzapine has not been studied extensively in multi-day chemotherapy, bone 
marrow transplantation, or radiotherapy-induced nausea and vomiting. Future stud-
ies may address whether olanzapine would be effective in patients who experience 
nausea and vomiting during these clinical settings. Future studies may determine 
not only how olanzapine may be used and what combinations of new and older 
agents will be the most benefi cial for patients but may also provide new information 
on the mechanism of chemotherapy-induced nausea and vomiting.  

6.5     Conclusions 

 Olanzapine is an atypical antipsychotic agent of the thienobenzodiazepine class that 
blocks multiple neurotransmitter receptors including the D 2 , 5-HT 2c , and 5-HT 3  
receptors which appear to be involved in nausea and emesis. It has a potential role 
in the treatment of nausea and vomiting refractory to standard antiemetics. Clinical 
reports suggest that it is effective in the treatment of chronic nausea in patients 
receiving palliative care and for patients with intractable nausea due to opioids, 
neoplasm, and/or medications. Phase II and phase III clinical trials have demon-
strated its effectiveness in the prevention of chemotherapy-induced acute and 
delayed nausea and vomiting with signifi cant more effectiveness in preventing nau-
sea than current antiemetics used in the prophylaxis of chemotherapy-induced nau-
sea and vomiting. A recent trial also demonstrated effectiveness in treating 
breakthrough chemotherapy-induced nausea and vomiting. 
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 The benefi t of olanzapine for decreasing nausea is in contrast to the control of 
nausea in clinical trials of the NK-1 receptor antagonists. Nausea has not been sig-
nifi cantly improved by the use of aprepitant [ 4 ], netupitant [ 5 ], or rolapitant [ 6 ]. 
Two reviews on the prevention of chemotherapy-induced nausea concluded that 
NK-1 receptor antagonists are not effective in controlling nausea [ 4 ,  10 ]. 

 The data from the olanzapine clinical trials discussed above support NCCN 
guidelines which list the olanzapine, palonosetron, and dexamethasone regimen as 
an optional fi rst-line therapy for the prevention of CINV in patients receiving HEC 
and MEC [ 45 ]. 

 There are economic benefi ts of olanzapine. Four days of generic oral olanzapine at 
10 mg/day, the dose used in previous prophylactic studies [ 8 ,  9 ,  34 ,  35 ,  37 ], is approx-
imately $3.00 [ 46 ] which is signifi cantly lower than the cost of 1 day of intravenous 
fosaprepitant at 150 mg (approximate wholesale acquisition cost: $257.00) [ 47 ]. 

 Olanzapine appears to be well tolerated in the reported clinical trials. The 
recently completed phase III clinical trial involving a large number of patients 
receiving olanzapine reported no signifi cant toxicities in patients receiving 4 days of 
olanzapine [ 37 ]. Patients who received olanzapine had more drowsiness on day 2 
post-chemotherapy compared to baseline, but this resolved by day 3 despite contin-
ued oral olanzapine on days 3 and 4, suggesting that patients adapted to the olanzap-
ine. Due to the temporary drowsiness seen in this trial and reports of temporary 
drowsiness in some patients, more detailed data on drowsiness ratings should be 
obtained in future trials. 

 Olanzapine has not been studied extensively in multi-day chemotherapy, bone 
marrow transplantation, or radiotherapy-induced nausea and vomiting. Future stud-
ies may address whether olanzapine would be effective in patients who experience 
nausea and vomiting during these clinical settings.     
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    Chapter 7   
 Gabapentin for the Prevention of CINV                     

       Thomas     J.     Guttuso     Jr.      

        Gabapentin is a gamma-aminobutyric acid (GABA) analogue initially approved by 
the Food and Drug Administration (FDA) in 1993 for the treatment of seizures. 
Gabapentin was soon found to be highly effective for treating neuropathic pain [ 1 ] 
and then restless legs syndrome [ 2 ] and presently is FDA approved for all three 
indications. Despite its chemical structure, gabapentin has no effect on GABA 
receptors or GABA breakdown by GABA transaminase but does increase brain 
GABA synthesis in rats and humans [ 3 ,  4 ]. Gabapentin’s mechanism of action for 
treating neuropathic pain, which is its main clinical use, is dependent upon its bind-
ing to the alpha-2/delta subunit of neuronal voltage-gated calcium channels [ 5 ] and 
likely involves the mitigation of neuronal calcium currents [ 6 ,  7 ]. 

 Subsequently, gabapentin was discovered by accident to have two other clinical 
uses: the treatment of hot fl ashes and the treatment of chemotherapy-induced nau-
sea and vomiting (CINV). 

 The discovery of gabapentin for treating hot fl ashes, also known as vasomotor 
symptoms (VMS), occurred when a woman who had recently discontinued her hor-
mone replacement therapy (HRT) was placed on gabapentin for migraine prophy-
laxis and experienced almost complete resolution of her VMS within a few days of 
initiating gabapentin [ 8 ]. This discovery led to several randomized controlled trials 
(RCTs) that confi rmed gabapentin to be an effective VMS therapy [ 9 ]. 

 The discovery of gabapentin as a potential, novel anti-nausea and anti-emetic 
therapy also occurred by accident as an evolution of its use for VMS [ 10 ]. A woman 
with breast cancer was required to discontinue HRT and began experiencing bother-
some VMS. She also began four cycles of chemotherapy with doxorubicin 60 mg/
m 2  and cyclophosphamide 600 mg/m 2 , each round separated by 3 weeks. 
Ondansetron 10 mg and dexamethasone 10 mg were given before each treatment. 
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The patient reported severe nausea after the fi rst two chemotherapy treatments. 
Prochlorperazine 10 mg taken 3×/day, as needed, was ineffective. Midway between 
the second and third chemotherapy treatments, oral gabapentin 300 mg, 3×/day, was 
started for treatment of the patient’s VMS. Within 2 days, all such symptoms had 
resolved. Unexpectedly, she had no nausea after either the third or the fourth che-
motherapy treatments. No other medication changes had been made. 

 Encouraged by this anecdotal case, we performed an open-label study examining 
the effects of oral gabapentin 300 mg, 3×/day, on delayed chemotherapy-induced 
nausea in women with breast cancer who had not previously received chemotherapy 
[ 10 ]. Delayed chemotherapy-induced nausea (days 2–5 after chemotherapy admin-
istration) remains a problem for about half of patients receiving moderately emeto-
genic chemotherapy, despite preventive treatment with a serotonin antagonist and 
dexamethasone [ 11 ]. We screened 21 consecutive patients in a single cancer treat-
ment center and enrolled the fi rst 9 who had experienced at least a moderate degree 
of delayed chemotherapy-induced nausea after administration of the fi rst of four 
cycles of adjuvant therapy with doxorubicin 60 mg/m 2  and cyclophosphamide 
600 mg/m 2 , each cycle separated by 3 weeks. A moderate degree of nausea was 
defi ned as a score of 4 or greater on an 8-point nausea scale (“0” being no nausea at 
all, “1” being mild nausea, and “7” being severe nausea). Subjects recorded a nau-
sea score 4×/day, every 6 h. 

 For the nine enrolled subjects, gabapentin 300 mg capsules were provided for 
chemotherapy treatments number 2 and 4 but not for treatments 1 and 3. Gabapentin 
dosing began 5 days before chemotherapy with one capsule at bedtime for 2 days, 
then twice daily for 2 days, followed by 3×/day for 6 days, and was discontinued on 
the sixth day after chemotherapy. All patients received intravenous ondansetron 
16–24 mg and intravenous dexamethasone 20 mg with or without intravenous loraz-
epam 0.5–1.0 mg before all four chemotherapy treatments. Rescue therapy for all 
treatments consisted of ondansetron 8 mg, 3×/day; prochlorperazine 10 mg, 4×/day; 
or dexamethasone 20 mg once daily, either alone or in combination and all taken 
orally, on an as-needed basis. The number of antiemetic pills taken for rescue ther-
apy was also recorded on the nausea diary form for days 1–5 after each chemo-
therapy treatment. If a patient on gabapentin 300 mg, 3×/day (with no 
gabapentin-induced side effects) still had nausea after the second chemotherapy 
treatment, a higher dose of gabapentin, 600 mg, 3×/day, was offered for the fourth 
chemotherapy treatment. Adverse events were monitored by inquiry during tele-
phone conversations with the patients. 

 The results showed six of the nine subjects experienced at least a 3-point improve-
ment in peak, delayed nausea on the 8-point scale. Three of these six patients had 
6–7 grade, peak delayed nausea during the fi rst cycle of chemotherapy and 0 grade, 
peak delayed nausea when taking gabapentin for chemotherapy cycles 2 and 4. 
These improvements were seen despite a median 37 % decrease in the use of prn 
antiemetics during cycles 2 and 4 when gabapentin was being taken. Two subjects 
reported mild-moderate drowsiness when taking gabapentin that did not require any 
dosing adjustments. Figure  7.1  summarizes the median peak nausea data for all nine 
subjects across the four rounds of chemotherapy.
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   It is known that patients who experience moderate-severe acute CIN (experi-
enced within the fi rst 24 h after chemotherapy) are not only more likely to experi-
ence delayed CIN but are also more resistant to treatments for delayed nausea than 
are patients with mild acute nausea [ 12 ,  13 ]. In this open-label gabapentin study, 
eight of the nine subjects experienced moderate-severe acute CIN after their fi rst 
cycle of chemotherapy when not taking gabapentin. Therefore, 89 % of the subjects 
enrolled in this study represented those most refractory to conventional antiemetic 
therapies. 

 We theorized that gabapentin’s mechanism of action in treating chemotherapy- 
induced delayed nausea might involve decreased tachykinin neurotransmitter activ-
ity in relevant brainstem sites such as the area postrema or the nucleus solitarius [ 10 , 
 14 ]. It was postulated that this effect may be realized through gabapentin’s binding 
to its principle binding site, the alpha-2/delta subunit of neuronal voltage-gated cal-
cium channels (VGCCs), that had been upregulated on tachykinin neurons in these 
brainstem sites in response to chemotherapy administration. This upregulation 
would be expected to markedly increase calcium currents in these neurons [ 15 ], 
which could then increase tachykinin neurotransmitter release and engender clinical 
nausea and vomiting. There is much evidence that tachykinin activity is involved in 
the pathogenesis of chemotherapy-induced emesis in ferrets, and a selective tachy-
kinin receptor antagonist improves both acute and delayed nausea and emesis 
induced by chemotherapy in humans [ 16 ]. 

 Such a site-specifi c upregulation of the alpha-2/delta subunit in response to an 
environmental stressor has been previously demonstrated in a rat model of neuro-
pathic pain, which is gabapentin’s main clinical use. In this neuropathic pain animal 
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model, the environmental stressor was ligation of the sciatic nerve [ 17 ]. This study 
showed a dramatic 17-fold increase in the expression of the alpha-2/delta subunit in 
the dorsal root ganglia serving the ligated sciatic nerve. It took 7 days for the full 
17-fold increase to occur; however, there were two and sevenfold increases already 
apparent 1 and 2 days after sciatic nerve ligation, respectively. This upregulation 
and subsequent normalization in the expression of this subunit corresponded to the 
onset and resolution of behavioral allodynia displayed by the rats, implying that this 
upregulation is involved in the pathophysiology of neuropathic pain. 

 It is known that binding of gabapentin to the alpha-2/delta subunit is critical to 
gabapentin’s mechanism of action for treating neuropathic pain. Gabapentin and 
pregabalin, another high-affi nity alpha-2/delta ligand, show no behavioral benefi t 
on allodynia in the mutant, “ducky” strain of mice expressing an altered alpha-2/
delta protein for which gabapentin and pregabalin have very little affi nity [ 5 ]. 

 After publication of the initial report associating gabapentin therapy with reduced 
delayed CIN, several other groups performed RCTs, examining gabapentin’s effects 
on CINV as well as other clinical conditions associated with nausea and vomiting, 
primarily postoperative nausea and vomiting (PONV) [ 18 ]. In total, there have been 
nine RCTs (six for PONV, two for CINV, and one for postdural puncture emesis) as 
well as four case series/reports published to date as full-length manuscripts assess-
ing gabapentin’s effects on nausea and vomiting as primary outcome measures 
(Table  7.1 ).

   As shown in Table  7.1 , all six RCTs assessing the effects of a single preoperative 
gabapentin dose on PONV showed gabapentin to signifi cantly reduce postoperative 
nausea and 4/6 showed gabapentin to signifi cantly reduce postoperative vomiting. 
Although PONV is not the topic for this chapter, the design of these trials raises 
some important points regarding gabapentin dosing that deserve attention. 

 Administration of an adequate gabapentin dose appears to be critical for its effi -
cacy to be demonstrated across many indications. For example, a daily dose of 300 mg 
was ineffective for treating hot fl ashes in postmenopausal women, while 900 mg was 
effective compared to placebo [ 30 ], and 2,400 mg showed effi cacy equivalent to high-
dose hormone replacement therapy [ 31 ], the gold standard therapy for this indication. 
For the indications of neuropathic pain [ 32 ] and restless legs syndrome [ 2 ], the gaba-
pentin daily dose demonstrating maximum effi cacy is about 1,800–3,600 mg. Such 
high doses are likely required to achieve maximum clinical effi cacy across a popula-
tion due to the highly variable bioavailability of oral gabapentin, with some subjects 
absorbing as little as 5 % and some as much as 75 % of a single oral dose [ 33 ]. 

 Besides administering an adequate daily dose, the frequency of gabapentin dos-
ing is also important in order to maintain steady serum levels necessary to demon-
strate continuous effi cacy for long-lasting clinical symptoms. Gabapentin’s serum 
half-life is about 6 h, necessitating 3–4×/day dosing to achieve 24-h symptomatic 
coverage. These pharmacokinetic features of gabapentin do not appear to have been 
considered when determining gabapentin dosing for the PONV trials. These trials 
administered a single 300–600 mg dose 1–2 h before surgery and then assessed N/V 
for at least the fi rst 24 h after surgery (Table  7.1 ). In order to achieve symptomatic 
benefi t for 24 h, at least two additional doses of gabapentin would need to have been 

T.J. Guttuso Jr.



125

administered based on gabapentin’s serum half-life. Despite these oversights, a 
single preoperative gabapentin dose still provided signifi cant protection from 
PONV. This is most likely due to the fact that most PONV resolves within 24 h 
postoperatively. 

 On the other hand, use of an adequate gabapentin dose administered at least 3×/
day would likely be critical in order to properly assess gabapentin’s effi cacy in 

     Table 7.1    Summary of 13 clinical studies assessing gabapentin’s effects on N/V as 1° outcome 
measures   

 Study authors 
 1° outcome 
measure 

 Gabapentin 
dose  Study type  Results 

 Jahromi et al. 
(2013) [ 19 ] 

 PONV (facial 
trauma surgery) 

 300 mg, 1 h. 
before IOA 

 RCT 
( n  = 150) 

 Decreased N&V 
( p  < 0.05) 

 Misra et al. (2013) 
[ 20 ] 

 PONV 
(intracranial 
surgery) 

 600 mg, 2 h. 
before IOA 

 RCT 
( n  = 73) 

 Decreased N 
( p  = 0.02), not V 
( p  = 0.06) 

 Ajori et al. (2012) 
[ 21 ] 

 PONV (abdominal 
hysterectomy) 

 600 mg, 1 h. 
before IOA 

 RCT 
( n  = 140) 

 Decreased N 
( p  = 0.018) & V 
( p  = 0.009) 

 Khademi et al. 
(2010) [ 22 ] 

 PONV (open 
cholecystectomy) 

 600 mg, 2 h. 
before IOA 

 RCT 
( n  = 90) 

 Decreased N&V 
( p  = 0.02) 

 Mohammadi and 
Seyedi (2008) [ 23 ] 

 PONV (pelvic lap. 
surgery) 

 300 mg, 1 h. 
before IOA 

 RCT 
( n  = 70) 

 Decreased N 
( p  = 0.022), not V 
( p  = 0.114) 

 Pandey et al. 
(2006) [ 24 ] 

 PONV (lap. 
cholecystectomy) 

 600 mg, 2 h. 
before IOA 

 RCT 
( n  = 250) 

 Decreased N&V 
( p  = 0.04) 

 Guttuso et al. 
(2005) [ 25 ] 

 PONV 
(intracranial 
surgery) 

 300 mg tid  Case report 
( n  = 1) 

 Fully resolved severe 
emesis and anorexia 

 Barton et al. 
(2014) [ 26 ] 

 CINV  300 mg bid  RCT 
( n  = 430) 

 Full protection from 
delayed V and rescue 
medication use 
( p  = 0.23) 

 Cruz et al. (2012) 
[ 27 ] 

 CINV  300 mg tid  RCT 
( n  = 80) 

 Full protection from 
N&V ( p  = 0.04) 

 Guttuso et al. 
(2003) [ 10 ] 

 CINV  300 mg tid  Case series 
( n  = 9) 

 6/9 of subjects had 
improved delayed 
nausea 

 Guttuso et al. 
(2010) [ 14 ] 

 HG  1200–
3000 mg/day 

 Case series 
( n  = 7) 

 80 % decrease N, 
94 % decrease V 

 Spiegel and Webb 
(2012) [ 28 ] 

 HG  300 mg tid  Case report 
( n  = 1) 

 Decreased PUQE 
from 15 to 8 

 Erol (2011) [ 29 ]  Postdural puncture 
headache and 
emesis 

 300 mg tid  RCT 
( n  = 42) 

 Decreased emesis 
( p  = 0.01) 

   PONV  postoperative nausea and vomiting,  IOA  induction of anesthesia,  RCT  randomized con-
trolled trial,  N  nausea,  V  vomiting,  lap  laparoscopic,  CINV  chemotherapy-induced nausea and 
vomiting,  tid  3×/day,  HG  hyperemesis gravidarum,  PUQE  pregnancy-unique quantifi cation of 
emesis and nausea  
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treating delayed CINV since these symptoms persist for about 5 days after chemo-
therapy administration. In the initial open-label gabapentin pilot study, 7/9 of the 
subjects experienced adequate subjective benefi t from a dose of 300 mg tid while 
2/9 of the subjects requested to increase the dose to 600 mg tid for the fi nal round 
of chemotherapy. This dosing is in concert with what has been effective for other 
clinical uses of gabapentin, such as VMS, neuropathic pain, and restless legs syn-
drome [ 2 ,  30 ,  32 ,  34 ]. Thus, a minimum dose of 300 mg tid would be recommended 
for use in CINV trials. 

 To date, there have been two double-blinded RCTs published as full-length man-
uscripts assessing gabapentin’s effects on CINV. The fi rst by Cruz et al. randomized 
80 patients to gabapentin or placebo therapy who were scheduled to receive their 
fi rst cycle of moderately to highly emetogenic chemotherapy (defi ned as doses of 
cisplatin or doxorubicin equal to or greater than 60 and 50 mg/m 2 , respectively) 
[ 27 ]. The study capsules were started 5 days prior to chemotherapy administration 
and slowly titrated to a gabapentin dose of 300 mg tid or matching placebo from the 
day before to 5 days after chemotherapy. This was the same titration schedule previ-
ously used by Guttuso et al. that was shown to be well tolerated [ 10 ]. About 91 % 
of the subjects had breast cancer and received doxorubicin. All subjects also received 
intravenous ondansetron 8 mg, dexamethasone 10 mg and ranitidine 50 mg before 
chemotherapy on day 1, and oral dexamethasone 4 mg twice a day on days 2 and 3. 
Subjects recorded nausea scores and vomiting and retching episodes every day on 
diary cards as well as the use of rescue antiemetics. The two primary endpoints were 
complete protection from all nausea and vomiting and no use of rescue medications 
for days 1–5 and complete protection for days 2–5. 

 The results showed gabapentin therapy to lead to signifi cantly greater rates of 
complete protection for days 1–5 ( p  = 0.04) but not for days 2–5 ( p  = 0.06) compared 
to placebo therapy. Complete protection for days 1–5 occurred in 65 % of subjects 
taking gabapentin compared to 42.5 % of subjects taking placebo. Adverse events 
were similar between the groups. The authors noted that the complete protection 
rates for gabapentin (65 %) compared favorably to the complete protection rates 
seen in a similarly designed RCT for the neurokinin-1 receptor antagonist aprepi-
tant (51 %) [ 35 ], an FDA-approved therapy for prevention of delayed CINV. The 
gabapentin and aprepitant trials had nearly identical placebo arm complete response 
rates for days 1–5 (42.5 % and 42 %, respectively). The authors suggested that a 
single trial comparing gabapentin with aprepitant was merited based on their study 
results and the signifi cant savings that could be achieved by using a generic medica-
tion like gabapentin versus aprepitant. This savings has been estimated to be $315–
$484/cycle of chemotherapy [ 18 ,  27 ]. 

 A small, open-label, randomized trial directly comparing aprepitant and gaba-
pentin for refractory CINV has been performed but has only been published as an 
abstract [ 36 ]. In this trial, 13 of 77 subjects (17 %) receiving their fi rst cycle of 
“level 3, 4, or 5” emetogenic-potential chemotherapy required rescue antiemetic 
therapy despite receiving “standard dexamethasone and ondansetron.” These 13 
subjects were then randomized to receive either open-label aprepitant (6) or open- 
label gabapentin (7) during their second cycle of chemotherapy. The aprepitant 
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group received 125 mg on day 1 and 80 mg on days 2 and 3 and the gabapentin 
group received 300 mg tid for days −2 to 5, with day 1 being the day of chemo-
therapy administration. Subjects recorded their nausea and vomiting on a “vali-
dated” scoring system with 0 being no N/V and 15 being the worst N/V. 

 The results of this small trial showed mean N/V scores to improve from the fi rst 
(control) to the second (treatment) chemotherapy cycles from 7.0 to 2.66 for the 
aprepitant group and from 7.43 to 1.0 for the gabapentin group. There were no dif-
ferences in toxicity profi le and subject-reported satisfaction levels between the two 
groups. No statistical analyses were reported. 

 The second CINV trial, by Barton et al., represents the largest RCT performed to 
date evaluating gabapentin’s anti-nausea and antiemetic actions. This study ran-
domized 430 subjects scheduled to receive their fi rst cycle of highly emetogenic 
chemotherapy to either gabapentin or matching placebo for days 1–5. All subjects 
also received a serotonin antagonist, like ondansetron, and dexamethasone 20 mg 
before chemotherapy on day 1 and decreasing doses of oral dexamethasone from 
days 2–4 (starting at 16 mg a day on day 2). In addition, subjects could also receive 
a serotonin antagonist on days 2–5 based on the treating physicians’ preferences. 
For this study, in contrast to the three gabapentin CINV trials outlined above, gaba-
pentin/placebo was not started before day 1 but was started on day 1 (after chemo-
therapy administration) with a single 300 mg bedtime dose and then increased to 
300 mg bid for days 2–5. The dose could be increased to tid for days 4–5 if subjects 
desired based on their symptoms. Subjects recorded nausea scores and vomiting and 
retching episodes every day on diary cards as well as the use of rescue antiemetics. 
The Functional Living Index-Emesis (FLIE) [ 37 ] and subject satisfaction were also 
assessed. The primary endpoint was complete protection from all vomiting and use 
of rescue medications for days 2–6. 

 The results showed 47 % of subjects in the gabapentin arm and 41 % in the pla-
cebo arm had a complete response ( p  = 0.23) over days 2–6. Subgroup analyses for 
each day showed signifi cantly higher rates of complete response for the gabapentin 
arm on days 2–4 but not for days 5–6. There were no signifi cant intergroup differ-
ences on mean number of vomiting episodes, mean nausea scores, mean number of 
rescue antiemetics, FLIE scores, or subject satisfaction. Thirty percent of subjects 
in each group experienced vomiting, and 45 % and 53 % of subjects in the gabapen-
tin and placebo arms, respectively, took any rescue antiemetics ( p  = 0.12). The per-
cent of subjects choosing to increase their study medication from bid to tid on days 
4 or 5 was not signifi cantly different between groups (≤9 % of subjects on day 4 and 
≤6 % on day 5). The only side effects that signifi cantly differed between the groups 
were negative mood swings and appetite loss, both favoring the placebo arm; how-
ever, the magnitude of these differences was not felt to be clinically meaningful. 

 This study also reported subjects’ nausea and vomiting data for each day from 
days 2–6. Mean nausea scores for each group on a scale from 0 to 10 were ≤1.5 for 
each day and mean number of vomiting episodes were ≤0.3 for each day. Such low 
levels of nausea and vomiting suggest that these subjects did not experience clini-
cally meaningful symptoms despite receiving highly emetogenic chemotherapy. 
This observation was further supported by the high levels of health-related quality 
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of life on the FLIE and high satisfaction reported by subjects in both groups. The 
mean FLIE scores for both groups were >108 (maximum possible score = 126) and 
mean satisfaction scores were >8.0 (maximum possible score = 10). It is known that 
a FLIE score of ≥108 indicates no negative impact on daily functioning [ 38 ,  39 ]. 

 There are several methodological features of this study that may have contrib-
uted to its negative results; however, the most salient is that the target population, 
patients with clinically meaningful delayed CINV, was not assessed. It is not clear 
why this occurred as a previous study showed much lower FLIE scores (mean of 
95.5), indicating a meaningful negative impact on daily functioning, for patients 
receiving highly emetogenic chemotherapy [ 39 ]. It is unfortunate that such a large 
study failed to capture this target population. As a result, no reliable conclusions can 
be made on gabapentin’s effectiveness for preventing CINV based on this study’s 
results. The authors noted this fact and recommended that future trials should not 
include “all comers” but should focus on the roughly 25 % of patients who experi-
ence moderate to severe nausea and emesis that affect their functioning despite 
receiving evidence-based prophylactic treatment. This recommendation is very 
appropriate regarding the clinical generalizability of such trials since, in the real- 
world clinic, most patients would not be offered extra therapy for delayed CINV 
unless they were felt to need it based on their symptoms from a previous cycle of 
chemotherapy. 

 Another methodological feature of this study that may have contributed to the 
negative results may have been the use of an inadequate dose of gabapentin. Previous 
trials that had shown more promising results used at least 900 mg/day of gabapentin 
that was started before day 1 of chemotherapy. In this study, gabapentin was not 
started until after chemotherapy was administered and 88 % of subjects in the gaba-
pentin arm received a maximum gabapentin dose of only 600 mg/day for days 2–5. 

 The potential impact of gabapentin dosing on CINV can be seen by comparing 
the complete responder rates between the Cruz et al. and the Barton et al. trials. In 
the Cruz et al. trial, gabapentin was initiated on day −5 and slowly titrated up to 
900 mg/day by day −1 and continued at that dose through day 5; this trial showed 
mean complete responder rates of 72.5 % and 52.5 % for the gabapentin and pla-
cebo groups, respectively, for days 2–5. In the Barton et al. trial, gabapentin was 
initiated on day 1 and continued at a dose of 600 mg/day in 88 % of these subjects 
for days 2–6; this trial showed mean complete responder rates of 47 % and 41 % for 
the gabapentin and placebo groups, respectively, for days 2–6. Thus, the extra 
300 mg/day of gabapentin used in the Cruz et al. trial compared to the Barton et al. 
trial was associated with a 14 % larger treatment effect size (difference between the 
gabapentin and placebo arm complete responder rates). Although comparing results 
between separate trials can lead to fl awed conclusions, these results suggest that a 
minimum gabapentin dose of 900 mg/day should be used in future CINV trials. This 
dose is also consistent with what has been shown to be the minimum effective 
 gabapentin dose for treating VMS [ 30 ]. Furthermore, it is quite possible that gaba-
pentin doses even higher than 900 mg/day would be more effective for CINV based 
on the doses that have been shown to be most effective for VMS, neuropathic pain, 
and restless legs syndrome [ 2 ,  31 ,  32 ]. 
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 Upon reviewing the designs and results of the above 4 clinical trials evaluating 
the effectiveness of gabapentin for preventing delayed CINV, a few recommenda-
tions can be made for the design of future trials. First, subjects receiving their fi rst 
cycle of moderately or highly emetogenic chemotherapy should be screened, and 
only those with at least a moderate degree of nausea or any vomiting should be 
randomized to a treatment arm for their second cycle. This will assure that the target 
population of patients with refractory nausea and vomiting would be studied. Also, 
requiring the nausea and vomiting symptoms to result in a minimum level of func-
tional impact, such as having a FLIE score of <108, would also be recommended as 
an inclusion criteria to confi rm that the studied population would have clinically 
meaningful symptoms. Barton et al. estimated that about 25 % of patients screened 
during their fi rst cycle would satisfy such eligibility criteria [ 26 ]. In the pilot study 
by Guttuso et al. 9 out of 21 consecutive patients (43 %) screened during their fi rst 
cycle of moderately emetogenic chemotherapy experienced at least a moderate level 
of delayed CIN [ 10 ]. On the other hand, Pacheco et al. found only 17 % of patients 
required rescue antiemetic therapy after their fi rst cycle of moderately to highly 
emetogenic chemotherapy. 

 Another methodological issue that deserves attention is the choice of primary 
endpoint. By convention, most CINV clinical trials have used complete responder 
rate as the primary endpoint. A complete response is typically defi ned as not expe-
riencing any vomiting or use of rescue antiemetics. Such a focus on vomiting may 
not be an appropriate primary endpoint when considering the chemotherapy- 
associated symptoms most meaningful to patients. 

 A study performed in 1993 among 155 cancer patients who had received chemo-
therapy within the previous 4 weeks showed that subjects reported nausea as the 
most severe and troublesome symptom experienced from chemotherapy followed 
by tiredness and hair loss [ 40 ]. This research team had performed this same study in 
1983. The most marked change from 1983 to 1993 was subjects’ rating of vomiting 
severity, which was rated as the most severe symptom in 1983 but dropped to the 
fi fth most severe symptom in 1993. In the subgroup of patients >60 years old, vom-
iting was rated as the 15th most severe symptom in 1993. The researches attributed 
this drop in vomiting severity to the standard use in 1993 of serotonin antagonists, 
high-dose metoclopramide, and steroids that were not widely used in 1983. A more 
recent study among 298 cancer patients receiving moderately or highly emetogenic 
chemotherapy confi rmed that nausea contributed more to reduced quality of life 
than did vomiting as measured by the FLIE [ 39 ]. 

 Furthermore, the Barton et al. study showed that subjects randomized to placebo 
therapy were not negatively impacted by their chemotherapy based on this group’s 
mean FLIE score of 108.5. Nevertheless, this group had a complete response rate of 
only 41 % for days 2–6 [ 26 ]. Thus, almost 60 % of subjects were “treatment fail-
ures,” based on the primary endpoint defi nition; however, this treatment failure 
 status was not at all refl ected in the mean FLIE scores. One explanation for this 
disparity may be due to the failure of the primary end point to refl ect the most severe 
and meaningful symptom for chemotherapy patients, nausea, while the FLIE 
refl ected the functional impact of both nausea and vomiting symptoms. 
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 Thus, a more appropriate primary assessment of a meaningful CINV therapy in 
modern times would need to include a nausea assessment. Since CIN is much less 
likely to fully resolve than CIV, it would be logical to include two co-primary end 
points for future CINV trials: (1) complete response rates and (2) hours/day of nau-
sea. In another patient population, the number of hours of nausea/day has been 
found to be a more accurate indicator of nausea impact than nausea severity assess-
ments [ 41 ]. A therapy would need to show signifi cant benefi ts for both endpoints 
against a comparison arm in order to be considered more effective. 

 In terms of secondary endpoints, in addition to a functional outcome, such as the 
FLIE, another very useful secondary endpoint would be to assess subjects’ global 
satisfaction of treatment on a 7-point Likert scale and compare “global satisfaction 
responder rates,” defi ned as the % of subjects recording a 6 or 7, between the groups. 
One of the main benefi ts of assessing global satisfaction is that it is a comprehensive 
assessment that encompasses both a treatment’s benefi ts and side effects and their 
magnitude of subjective impact all in a single assessment. The global satisfaction 
responder rates may also better refl ect a therapy’s utility in the real-world clinic 
compared to a narrow focus on a therapy’s benefi t for only one symptom [ 42 ]. In 
addition to the FLIE and global satisfaction assessments, an assessment of fatigue, 
such as the fatigue severity scale [ 43 ], would be indicated considering that cancer 
patients report fatigue as the second most severe symptom associated with chemo-
therapy [ 40 ]. 

7.1     Conclusion 

 The evidence to date supports gabapentin to potentially be an effective therapy for 
delayed CINV, but further well-designed RCTs are clearly needed. The two gaba-
pentin trials that utilized the important methodology of screening patients and only 
enrolling those with refractory delayed CINV unfortunately were both unblinded, 
open-label trials [ 10 ,  36 ]. Nevertheless, both of these small trials showed very 
promising results, especially the Pacheco et al. trial that showed subjects random-
ized to gabapentin to have an absolute 25 % greater reduction in mean N/V scores 
from baseline as subjects randomized to aprepitant. One of the two double-blinded, 
RCTs showed gabapentin to be more effective than placebo [ 27 ]; however, the other 
did not [ 26 ]. Unfortunately, both of these trials failed to screen patients for refrac-
tory delayed CINV, which resulted in subjects having fairly minor N/V symptoms 
in both study arms, especially for the Barton et al. trial. Thus, the question of 
whether gabapentin is effective for delayed CINV in patients refractory to serotonin 
antagonists and steroids remains unanswered. 

 The NK-1 antagonist aprepitant is currently FDA approved for delayed CINV; 
however, its use may be limited mostly due to its high cost but also due to its poten-
tial for drug-drug interactions from its metabolism by the P450 enzyme system, 
specifi cally CYP3A4 [ 26 ]. Nevertheless, as aprepitant is FDA approved and widely 
available, it would be unethical to design a placebo-controlled trial among patients 
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with refractory delayed CINV, which would deny 50 % of the subjects from receiv-
ing a standard of care therapy. Barton et al. noted this ethical issue as a primary 
reason for their trial design to include “all comers.” 

 Now, with data from four gabapentin CINV trials providing a signal that gaba-
pentin may be as effective and possibly even more effective than aprepitant for 
delayed CINV, a comparative trial directly comparing the two compounds is mer-
ited [ 27 ,  35 ,  36 ]. Such a trial is further justifi ed due to the potential for signifi cant 
cost savings and the absence of signifi cant drug-drug interactions [ 44 ] with gaba-
pentin compared to aprepitant. 

 The ideal trial design would be a double-blind, randomized trial among subjects 
experiencing at least moderate delayed nausea and some vomiting despite receiv-
ing a serotonin antagonist and steroids with their fi rst cycle of moderately to highly 
emetogenic chemotherapy. These subjects with refractory delayed CINV would 
then be randomized to gabapentin or aprepitant treatment for their second cycle of 
chemotherapy in addition to the same standard antiemetic therapy they received 
with their fi rst chemotherapy cycle. There would be two co-primary endpoints of 
(1) rates of complete response and (2) hours/day of any nausea. Secondary end-
points would include FLIE scores, fatigue severity scores, and global satisfaction 
scores. The study capsules would be started 5 days before chemotherapy and 
slowly titrated up to 1 capsule qid for days 1–5, which would be a gabapentin dose 
of 300 mg qid for days 1–5 or an aprepitant dose of 125 mg on day 1 and 80 mg 
qAM on days 2–3. The slightly higher dose of gabapentin compared to those used 
in previous CINV trials would be warranted to better assure maximum effi cacy 
based on the gabapentin doses shown to have maximum effi cacy for other indica-
tions [ 2 ,  31 ,  32 ,  34 ].     
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    Chapter 8   
 Prevention of CINV in Patients Receiving 
High-Dose Multiple-Day Chemotherapy                     

       Luigi     Celio     

8.1             Introduction 

 High-dose chemotherapy involves the administration of extremely high, potentially 
toxic, doses of chemotherapeutic agents in an effort to eradicate cancer cells. A 
wide range of high-dose regimens has been developed, and they typically consist of 
several agents given at high doses over 2–7 days [ 1 – 3 ]. Myeloablative chemother-
apy is usually followed by a bone marrow or peripheral blood stem-cell transplanta-
tion to rebuild the bone marrow. Allogeneic hematopoietic stem-cell transplantation 
(allo-HSCT) is a potentially curative treatment modality for many hematological 
malignancies [ 4 ]. Following a preparative regimen (i.e., the conditioning), the 
patient receives stem cells from an unrelated or related donor to replace their own 
hematopoietic system [ 5 ]. In allo-HSCT, classic myeloablative conditioning con-
sists of high-dose chemotherapy with or without total body irradiation (TBI). In the 
past two decades, peripheral blood stem cells replaced bone marrow as stem-cell 
source due to faster engraftment and practicability [ 5 ]. The use of peripheral blood 
as a source of stem cells for autologous HSCT (auto-HSCT) greatly contributed to 
the application of high-dose chemotherapy in the treatment of both hematological 
and solid malignancies [ 3 ,  6 ,  7 ]. In auto-HSCT, patients receive their own stem 
cells, and this has the advantage of lower risk of infection, since the recovery of 
immune function is rapid. 

 All high-dose chemotherapy regimens are associated with signifi cant acute and 
late toxicities. Severe neutropenia, thrombocytopenia, and anemia are the main 
causes of acute hematological toxicity which leads to the necessity of transfusion 
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support and an increased risk of febrile neutropenia and sepsis [ 8 ]. Acute non- 
hematological toxicities include nausea, vomiting, diarrhea, fatigue, and mucositis. 

 During the past two decades, major advances have been made in the control of 
chemotherapy-induced nausea and vomiting (CINV) caused by conventional-dose 
chemotherapy [ 9 ]. The improvements have been achieved through well-designed 
and adequately powered controlled trials that established the value of modern anti-
emetics such as 5-hydroxytryptamine type-3 (5-HT 3 ) receptor antagonists and neu-
rokinin- 1 (NK-1) receptor antagonists in the prevention of acute- and delayed-onset 
CINV. Unfortunately, there has been only limited progress in the prevention of 
CINV caused by high-dose chemotherapy. In this chapter, I provide an overview of 
CINV in patients undergoing high-dose chemotherapy regimens, with a focus on 
challenges and unmet needs in this special population. I also provide an overview of 
the results with modern antiemetics in this setting. Finally, current treatment guide-
lines are also discussed along with suggestions for future investigations.  

8.2     CINV in Patients Undergoing High-Dose Chemotherapy 

 In the setting of high-dose chemotherapy with HSCT, nausea and vomiting are 
almost universal and can have profound clinical and psychological implications for 
the patient [ 10 ]. Although some patient-related characteristics are well-known risk 
factors for CINV, the intrinsic emetogenicity of a given chemotherapeutic agent as 
well as its potential to induce acute or delayed emesis should serve as the main fac-
tors in guiding preventive strategies for CINV [ 9 ]. In addition, chemotherapeutic 
agents such as cyclophosphamide, carboplatin, cytarabine, and melphalan may be 
of moderate emetogenic risk when used at conventional doses, but they are highly 
emetogenic when employed in doses well above the ones conventionally given [ 9 , 
 11 ,  12 ]. Owing to the higher doses of chemotherapy given in preparation for HSCT 
and to the combinations of agents administered, conditioning regimens have the 
potential to cause more nausea and vomiting, especially with regard to delayed 
symptoms, than commonly used high-dose cisplatin. In the HSCT setting, nausea 
and vomiting may occur during administration of anticancer agents, and delayed 
symptoms may also occur for days or weeks during the recovery period from sys-
temic chemotherapy [ 10 ,  13 ]. In addition, TBI used in many conditioning regimens 
is associated with a number of acute side effects that include nausea and vomiting, 
compounding the side effects of high-dose chemotherapy [ 14 ]. In spite of the widely 
held assumption that cancer patients undergoing high-dose chemotherapy experi-
ence nausea and vomiting that are more severe than those with conventional-dose 
chemotherapy, there are few published data concerning both the natural history of 
emesis in this special population and the severity of delayed symptoms [ 10 ,  15 ]. 

 A multicenter, prospective, observational study evaluated the incidence and sever-
ity of CINV in 100 consecutive transplantation recipients [ 16 ]. Twenty-six patients 
were conditioned with a regimen containing TBI and 74 patients without TBI. The 
most common chemotherapy regimen was busulfan/cyclophosphamide (Bu/CY) 
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used in 29 % of the patients, followed by BCNU/etoposide/ara-C/melphalan (BEAM) 
in 26 % of the patients. Forty-four patients received an allo-HSCT and 56 patients 
received an auto-HSCT. While all patients received at least a 5-HT 3  receptor antago-
nist and dopamine antagonists, corticosteroids were not used. In this study, complete 
response (CR; defi ned as no vomiting and no rescue antiemetics) occurred only in 
few patients (19 %) during the 5-day study period after the start of conditioning regi-
men. In addition, CINV had a deleterious effect on patient’s quality of life as assessed 
through a validated functional living Index-Emesis (FLIE) questionnaire. 

 A retrospective review evaluated antiemetic outcome in 176 patients admitted to 
the adult Bone Marrow Unit at Memorial Sloan-Kettering Cancer Center [ 17 ]. All 
patients received a conditioning regimen for which the mean duration was 5 days 
(range, 1–9 days). Antiemetic prophylaxis consisted of a 5-HT 3  receptor antagonist, 
but dexamethasone was occasionally used when there was no other contraindication 
to its use with some conditioning regimens. The study showed that auto-HSCT is 
associated with less nausea and vomiting (51 % and 18 %, respectively) than allo- 
HSCT (78 % and 39 %, respectively). Patients receiving irradiation had a higher 
incidence of nausea and vomiting (81 % and 33 %, respectively) compared with 
those receiving chemotherapy-only conditioning regimens (51 % and 20 %, respec-
tively). Among all disease groups, leukemia patients had the highest incidence of 
nausea (85 %) and vomiting (45 %). 

 The above fi ndings support the conclusion that high-dose chemotherapy with 
HSCT provides a unique challenge to achieving good antiemetic control. In addi-
tion to the administration of chemotherapeutic agents at higher doses, a number of 
potential factors may contribute to an increased incidence and severity of CINV in 
this setting such as consecutive-day administration, prior treatment with chemo-
therapy, inclusion of radiation therapy (especially TBI) which increases emetogenic 
risk, and associated other medical conditions or medications that may cause emesis 
[ 2 ,  13 ]. Since high-dose chemotherapy is typically administered in a multiple daily- 
dose schedule, a major problem is the complexity of the emetic stimulus in these 
patients. The pathophysiology of nausea and vomiting when emetogenic chemo-
therapy is given over more than 1 day is complicated by the fact that patients can 
suffer from both acute and delayed nausea and vomiting, and delayed symptoms can 
continue in the days after chemotherapy completion [ 18 ]. Accordingly, nausea and 
vomiting caused by high-dose chemotherapy worsen progressively with the prolon-
gation of treatment. It also must be pointed out that patients undergoing HSCT have 
often been heavily pretreated with chemotherapy and, therefore, have varied history 
of acute and delayed symptoms, anticipatory CINV, and use of different antiemetic 
regimens [ 2 ,  13 ]. In the posttransplantation period, the risk of delayed nausea and 
vomiting is also infl uenced by multiple confounding variables, including damage to 
the gastrointestinal mucosa, delayed effects of radiation, concomitant administra-
tion of intensive prophylaxis or treatment with emetogenic intravenous antimicrobi-
als and antifungals, and use of narcotic analgesics to manage mucositis, profound 
neutropenia, and immunosuppressive agents [ 14 ]. High-dose chemotherapy alone 
or in combination with TBI prior to HSCT causes signifi cant and prolonged (from 
days to weeks) disruption of gastrointestinal lining, a late event that may result in 
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continual source of both serotonin and substance P (SP) release [ 2 ]. Serotonin that 
mainly stimulates the 5-HT 3  receptors on the vagal afferent fi bers located in the 
gastrointestinal tract and SP, the endogenous ligand acting preferentially on NK-1 
receptors located in the brain, may serve as a constant stimulus to nausea and vomit-
ing. It also should be noted that the cryopreservative dimethyl sulfoxide in which 
stem cells have been suspended is itself emetogenic when reinfused [ 19 ]. Therefore, 
it may be a very hard task to evaluate the effi cacy of antiemetic strategies during the 
posttransplantation period due to so many confounding factors. In order to circum-
vent these pitfalls, it has been suggested that the design of an ideal study assessing 
antiemetic outcome during high-dose chemotherapy with HSCT should include 
only patients undergoing the same preparative regimen and the same type of trans-
plantation [ 13 ]. The trial should not include patients with a history of anticipatory 
CINV and also control for the use of extra steroids beyond those that may be 
included in the antiemetic regimens employed. The trial should also consider the 
effects of other medications on the rising incidence of nausea and vomiting that may 
be observed on the day of the transplantation and the following days.  

8.3     First-Generation 5-HT 3  Receptor Antagonists for
High- Dose Chemotherapy 

 One of the most signifi cant advances in the management of acute CINV has been 
the introduction of selective 5-HT 3  receptor antagonists, namely, ondansetron, 
granisetron, dolasetron, and tropisetron [ 9 ]. Outside of the HSCT setting, random-
ized trials have demonstrated the therapeutic equivalence of the fi rst-generation 
antagonists, a fi nding supported by a number of meta-analyses [ 20 ,  21 ]. While in 
patients undergoing high-dose chemotherapy with HSCT, the majority of reports 
have been published as single-arm trials to assess antiemetic outcome of a 5-HT 3  
receptor antagonist alone or combined with dexamethasone; limited data from stud-
ies directly comparing these agents are available [ 15 ]. 

 A single-center, small-size study compared the effi cacy of three 5-HT 3  receptor 
antagonists during the conditioning for auto-HSCT [ 22 ]. Forty-fi ve patients suffer-
ing from malignant lymphoma who were scheduled to receive BEAM chemother-
apy as conditioning prior to HSCT were randomized to receive one of three 
antiemetic agents: granisetron 3 mg intravenously once a day, tropisetron 5 mg 
intravenously once a day, or ondansetron 8 mg intravenously twice daily on each 
day of the conditioning. Antiemetic control failure was defi ned as nausea lasting 
≥4 h and/or ≥3 episodes of vomiting on each single day of the study period. The 
three 5-HT 3  receptor antagonists suffi ciently controlled nausea and vomiting in 
67–87 % of the patients during the 6-day chemotherapy period. In the overall study 
period (10 days), both granisetron and tropisetron proved to be more effective in the 
posttransplantation period, when emetogenic factors other than chemotherapy alone 
may affect the control of emesis. 
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 A double-blind, phase III study evaluated the effi cacy of two orally administered 
5-HT 3  receptor antagonists versus ondansetron intravenously for the prevention of 
CINV caused by high-dose chemotherapy or chemoradiotherapy prior to auto- 
HSCT [ 23 ]. A total of 102 patients were randomized to receive either oral ondanse-
tron 8 mg three times a day, oral granisetron 1 mg twice daily, or ondansetron 32 mg 
intravenously once a day on each day of various conditioning regimens plus one 
additional day. All patients also received dexamethasone 10 mg intravenously once 
a day while receiving a 5-HT 3  receptor antagonist. The most common chemother-
apy regimen was cyclophosphamide/thiotepa/carboplatin in 33 % of the patients, 
followed by etoposide/cyclophosphamide with TBI in 26 % of the patients. There 
were no statistically signifi cant differences in the rates of overall CR (defi ned as 
none-to-mild nausea and no rescue antiemetics) among the three antiemetic regi-
mens (48 % vs. 47 % vs. 49 %, respectively, for oral ondansetron, oral granisetron, 
and bolus ondansetron). 

 A prospective, randomized study compared the effi cacy of granisetron and dexa-
methasone to that of granisetron alone for the prevention of CINV in patients receiv-
ing high-dose chemotherapy with or without TBI prior to HSCT [ 24 ]. Patients were 
randomized to receive granisetron 40 μg/kg intravenously twice daily with or with-
out 4 mg dexamethasone just before each dose of chemotherapeutic agent or TBI or 
12 h after the fi rst dose if TBI or a drug was given once a day. Fifty patients were 
evaluable for the analysis. During the fi rst 24 h of conditioning, 92 % of the patients 
in the granisetron-plus-dexamethasone arm achieved complete control (CC) of 
emesis (defi ned as no emetic episodes over the course of a day), compared with 
72 % in the granisetron-alone arm. For patients receiving TBI on the fi rst day of 
conditioning, CC of emesis was achieved in all patients in the granisetron-plus- 
dexamethasone arm compared with 63 % in the granisetron-alone arm. The same 
degree of emetic control was maintained throughout the conditioning period in 
39 % of the patients in the two-drug combination arm and 30 % of the patients who 
received granisetron alone. These fi ndings suggested that granisetron in combina-
tion with dexamethasone is superior to granisetron alone for the prevention of eme-
sis resulting from the conditioning. 

 In a double-blind, randomized trial, the comparative effi cacy of ondansetron and 
granisetron was evaluated during conditioning prior to HSCT [ 25 ]. Patients were 
randomized to receive either ondansetron 0.15 mg/kg intravenously three times a 
day or granisetron 10 μg/kg intravenously once a day. Additionally, all patients 
received scheduled dexamethasone and lorazepam. Antiemetic prophylaxis was 
continued until 24 h after chemotherapy completion. In this study, there were 
patients with a variety of different malignancies who received a variety of condi-
tioning regimens. Among the 110 randomized patients, 96 were evaluable for effi -
cacy within 1 week of study initiation. On day 1, CR (defi ned as no emetic episodes, 
and none-to-mild nausea) occurred in 83–90 % of the patients in the two treatment 
arms, but daily control of emesis decreased, with loss of effi cacy for both agents by 
day 6 after the start of conditioning therapy. On day 6, only 46–50 % of the patients 
achieved a CR. This trial demonstrated that ondansetron and granisetron are equally 
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effective at preventing acute nausea and vomiting associated with conditioning regi-
mens frequently used prior to HSCT. Overall, although cross-comparison of studies 
is hindered by too many different variables, the results of a two-drug combination 
of a fi rst-generation 5-HT 3  receptor antagonist and dexamethasone are less impres-
sive for high-dose chemotherapy than those for conventional-dose highly emeto-
genic chemotherapy. Clearly, new agents and approaches are needed.  

8.4     Palonosetron for High-Dose Multiple-Day Chemotherapy 

 The unique pharmacology of palonosetron, a second-generation 5-HT 3  receptor 
antagonist, is thought to partly explain its improved effi cacy against delayed CINV 
[ 26 – 28 ]. Palonosetron has not only greater 5-HT 3  receptor binding affi nity and lon-
ger plasma elimination half-life compared with older antagonists but also a unique 
interaction with the 5-HT 3  receptor at the molecular level. It has been provided 
evidence that palonosetron exhibits allosteric interactions and positive cooperativ-
ity with the 5-HT 3  receptor and that these characteristics are not displayed by 
ondansetron and granisetron [ 29 ]. The binding of palonosetron elicits receptor 
internalization which results in a prolonged inhibition of serotonin signaling [ 30 ]. 
Finally, palonosetron inhibits cross-talk between 5-HT 3  and NK-1 signaling path-
ways [ 31 ]. Overall, these properties of palonosetron could offer advantages of both 
effi cacy and convenience over older antagonists as the drug may continue to main-
tain effective 5-HT 3  receptor blockade even when it is no longer detectable in 
plasma. 

 In a meeting abstract, Marcacci et al. reported the results of a single-center pro-
spective trial that evaluated the effi cacy of palonosetron in patients undergoing 
high-dose chemotherapy prior to auto-HSCT for a variety of hematological and 
solid malignancies [ 32 ]. A total of 60 patients were accrued in two sequential 
cohorts ( n  = 30 for each) of antiemetic coverage. In the fi rst cohort, patients received 
a single intravenous dose of palonosetron (0.25 mg) in combination with dexameth-
asone (8 mg) before chemotherapy initiation, while in the second cohort, a further 
dose of both palonosetron and dexamethasone was administered on day 3 following 
chemotherapy initiation. The most common chemotherapy regimen was high-dose 
melphalan used in 47 % of the patients, followed by BEAM in 42 % of the patients. 
The study end points were the rates of CR (defi ned as no emesis and no rescue anti-
emetics) in the acute (day 1) and delayed (days 2–5 after chemotherapy initiation), 
while the impact of CINV on daily activities was assessed by the FLIE question-
naire. No differences were observed between the two treatment cohorts in the rate 
of acute CR (98 % for each). Among the patients who received two doses of palo-
nosetron, there was a trend for a better control of delayed nausea compared with 
those in the single-dose cohort (delayed nausea: 53 % vs. 77 %;  P  = 0.06). In addi-
tion, the median value of FLIE nausea score was signifi cantly higher in patients 
receiving two doses of palonosetron compared with those in the single-dose cohort 
(55.3 vs. 40.9, respectively;  P  = 0.0009). These preliminary results indicated that 
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double dosing of palonosetron and dexamethasone, either given on days 1 and 3 
after chemotherapy initiation, may achieve a high control of both acute and delayed 
CINV and signifi cantly reduce the impact of nausea on daily activities in patients 
undergoing high-dose multiple-day chemotherapy. 

 The main results of fully published studies assessing the effi cacy of palonosetron 
in patients undergoing high-dose multiple-day chemotherapy are summarized in 
Table  8.1 . Overall, limited data are currently available to judge the effi cacy of palo-
nosetron in this challenging setting. However, in the published studies, palonosetron 
was shown to have good effi cacy and high tolerability, when used in combination 
with dexamethasone. Current available evidence also suggests that the use of palo-
nosetron in this setting may offer potential effi cacy advantages over older 5-HT 3  
receptor antagonists.

   Table 8.1    Summary of fully published studies investigating the effi cacy of palonosetron in 
patients undergoing high-dose multiple-day chemotherapy   

 Study 
(number of 
patients) 

 Chemotherapy 
regimen 

 Antiemetic prophylaxis 
(dose in mg) 

 Primary 
study end 
point a   Overall results 

 Rzepecki 
et al. [ 33 ] 
( N  = 23) 

 BEAM  Palo (0.25) i.v. on day 1  Highly plus 
moderately 
effective 
responses 

  Acute phase : 
 CARBOPEC  Dex (20) i.v. on day 1, 

then Dex (12) i.v. daily 
during chemotherapy 

 BEAM 70 % 
 BuCY  CARBOPEC 15 % 

 BuCY 32 % 
  Delayed phase : 
 BEAM 100 % 
 CARBOPEC 25 % 
 BuCY 60 % 

 Ripaldi 
et al. [ 34 ] 
( N  = 43 
children) 

 TBI/TY/CY  Palo (0.005/kg) i.v. on 
day 1 

 Complete 
control 

 68 % 
 TBI/Ara-C
Bu/CY/LPAM 
 BU/LPAM 
 Other 

 Mattiuzzi 
et al. [ 35 ] 
( N  = 143) 

 Flu/ara-C   Arm 1 : Onda (8) bolus + 
(24) c.i. on each day of 
chemotherapy 

 Complete 
response 

  Arm 1 : 21 % 
 Ida/ara-C   Arm 2 : 31 % 

  Arm 3 : 35 % 
  Arm 2 : Palo (0.25) i.v. 
on each day of ara-C 
treatment 

 ( P  = 0.32) 

  Arm 3 : Palo (0.25) i.v. on 
days 1, 3, and 5 of ara-C 
treatment 

 Musso 
et al. [ 36 ] 
( N  = 82) 

 BEAM  Palo (0.25) i.v. on day 1  Complete 
response 

 46 % 
 FEAM  Dex (8) i.v. on day 1, 

then Dex (8) i.v. every 
other day during 
chemotherapy 

 Ida/Ara-C 

(continued)
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   A single-center study evaluated the effi cacy of palonosetron plus dexamethasone 
in preventing both acute and delayed emesis following conditioning prior to HSCT 
using a historical cohort of patients ( n  = 23) treated with ondansetron as a control 
[ 33 ]. Among the 46 evaluated patients, 20 of them received BEAM chemotherapy 
for malignant lymphoma, 16 patients were treated with carboplatin/etoposide/
cyclophosphamide (CARBOPEC) for a relapsed germ-cell tumor, and the remain-
ing 10 patients received Bu/CY chemotherapy for acute myeloid leukemia. 

Table 8.1 (continued)

 Study 
(number of 
patients) 

 Chemotherapy 
regimen 

 Antiemetic prophylaxis 
(dose in mg) 

 Primary 
study end 
point a   Overall results 

 Giralt et al. 
[ 37 ] 
( N  = 73) 

 HD melphalan   Arm 1 : Palo (0.25) i.v. 
on day 1 

 Complete 
protection 

  Arm 1 : 42 % 
  Arm 2 : 42 % 

  Arm 2 : Palo (0.25) i.v. 
on days 1 and 2 

  Arm 3 : 44 % 
 ( P  = 0.43) 

  Arm 3 : Palo (0.25) i.v. 
on days 1, 2, and 3 
 Dex (20) i.v. to all 
patients on days 1 and 2 

 Mirabile 
et al. [ 38 ] 
( N  = 58) 

 Ara-C based b  
 Mel based c  
 Other 

 Palo (0.25) i.v. on day 1, 
then every other day 
until chemotherapy 
completion 

 Complete 
control 

 81 % 

 Dex (16) i.v. daily 
during chemotherapy 

 Yeh et al. 
[ 39 ] 
( N  = 27) 

 Flu/Bu 
 TBI/CY 
 RIC 

 Palo (0.25) i.v. on day 1, 
then every other day 
until chemotherapy 
completion 

 No vomiting, 
no nausea 

  Conditioning : 
no vomiting: 37 %; 
no nausea: 22 %
 Posttransplant : 
no vomiting: 37 %;   Dex (10–15) i.v. daily 

during chemotherapy  no nausea: 11 % 

 Chou et al. 
[ 40 ] 
( N  = 28) 

 TBI/Flu/CY 
 TBI/CY 
 Bu/CY 
 HD melphalan 
 BEAM 

 Palo (0.25) i.v. 12 h 
prior to conditioning, 
then every 60 h until 
chemotherapy 
completion 

 No vomiting, 
no nausea 

  Acute phase : 
no vomiting: 29 %; 
no nausea: 11 % 
  Delayed phase : 
no vomiting: 61 % 
 No nausea: 11 %  Dex (10) i.v. 

daily during 
chemotherapy 

   Palo  palonosetron,  Dex  dexamethasone,  BEAM  BCNU/etoposide/ara-C/melphalan,  CARBOPEC  
carboplatin/etoposide/cyclophosphamide,  Bu  busulfan,  CY  cyclophosphamide,  TBI  total body irra-
diation,  TY  thiotepa,  LPAM  melphalan,  Flu  fl udarabine,  Ida  idarubicin,  FEAM  fotemustine/etopo-
side/ara-C/melphalan,  RIC  reduced-intensity conditioning 
  a See text for more details 
  b Regimens containing cytarabine at a dose of 4 g/m 2  per day 
  c Regimens containing melphalan at a single dose of 140–180 mg/m 2   
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Antiemetic outcome was assessed as highly effective response (defi ned as either no 
emesis and no more than moderate nausea or one to two emetic episodes and no 
more than mild nausea) and moderately effective response (defi ned as no emesis but 
severe nausea or one to two emetic episodes and moderate nausea or three to four 
emetic episodes and no more than mild nausea). The acute study period started with 
chemotherapy initiation and continued for 24 h after therapy completion, while the 
delayed study period was 5 days after chemotherapy completion. The effi cacy 
results suggested that a single-dose palonosetron plus a daily dosing of dexametha-
sone is signifi cantly superior to a daily dosing of ondansetron and dexamethasone 
for the prevention of both acute (highly plus moderately effective responses: 70 % 
vs. 35 % for BEAM, 15 % vs. 5 % for CARBOPEC, and 32 % vs. 20 % for Bu/CY) 
and delayed (100 % vs. 50 % for BEAM, 25 % vs.10 % for CARBOPEC, and 60 % 
vs. 30 % for Bu/CY) CINV in patients undergoing conditioning chemotherapy prior 
to HSCT. 

 Ripaldi et al. reported the results of a retrospective review that evaluated the 
effi cacy of palonosetron alone to control nausea and vomiting in a cohort of 43 
children undergoing conditioning prior to HSCT [ 34 ]. Median age at transplanta-
tion was 10 years. The majority of patients suffered from acute leukemia (51 %). 
A total of 47 transplantation procedures were carried out, of which 26 were allo-
geneic and 21 were autologous. Antiemetic effi cacy was assessed as CC, defi ned 
as ≤1 emetic episode per day, and no nausea. Delayed vomiting that occurred 
more than 10 days after the start of conditioning was excluded from analysis. The 
authors concluded that palonosetron is a valuable option for the prevention of che-
motherapy and radiotherapy-induced nausea and vomiting in children undergoing 
HSCT. 

 In a randomized prospective trial, two extended schedules of palonosetron 
(0.25 mg/day) from day 1 to day 5 or on days 1, 3, and 5 were compared with daily 
ondansetron in 143 patients suffering from acute myeloid leukemia or high-risk 
myelodysplastic syndrome who received induction chemotherapy or fi rst salvage 
regimen with high-dose (greater than 1.5 g/m 2  up to 5 days) cytarabine-containing 
regimens [ 35 ]. Patients were followed for a total of 7 days, starting with the fi rst day 
of chemotherapy. The primary end point of the study was the rate of CR (defi ned as 
no emesis and no use of rescue antiemetics) during the 7-day study period. Although 
more patients in each palonosetron arm than in the ondansetron arm achieved CR, 
this difference was not statistically signifi cant ( P  = 0.32). The results of this study 
with a limited number of patients also showed that signifi cantly more patients in the 
palonosetron on days 1–5 arm than in the ondansetron arm and in the palonosetron 
on days 1, 3, and 5 arm experienced no or mild delayed nausea on days 6 (95 % vs. 
73 % vs. 72 %, respectively;  P  = 0.001) and 7 (98 % vs. 80 % vs. 86 %;  P  = 0.02). 
The most common treatment-related adverse events were constipation and head-
ache. The investigators concluded that palonosetron given daily for 4 or 5 days sig-
nifi cantly reduces the incidence and severity of nausea on days 6 and 7 in patients 
receiving multiple-day chemotherapy with a high-dose cytarabine-containing 
regimen. 
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 A single-center prospective trial evaluated a single dose of palonosetron in com-
bination with daily dosing of dexamethasone for the prevention of CINV in 134 
patients undergoing either single-day ( n  = 52) or multiple-day ( n  = 82) high-dose 
chemotherapy as conditioning prior to auto-HSCT for hematological malignancies 
[ 36 ]. The primary end point of the study was the rate of CR (defi ned as no emesis 
and no rescue antiemetics) during the conditioning regimen and within 5 days after 
the end of chemotherapy. The study results were encouraging, but a subgroup analy-
sis showed differences in effi cacy among the different conditioning regimens (CR: 
38 % for BEAM/FEAM and 74 % for idarubicin/ara-C). It also should be noted that 
a large number of patients who received a second dose of palonosetron for break-
through emesis were successfully rescued. 

 A randomized, double-blind pilot study explored the effi cacy and safety of palo-
nosetron for the prevention of CINV in multiple-myeloma patients receiving high- 
dose melphalan for 2 days prior to HSCT [ 37 ]. Patients were assigned to one of 
three cohorts receiving palonosetron for 1, 2, or 3 days. The primary study end point 
was the rate of complete protection (CP), defi ned as no emesis throughout the 
cumulative 7-day study period. This pilot study with a limited number of patient 
showed that the 1-, 2-, or 3-day palonosetron dosing cohorts were not statistically 
different from each other ( P  = 0.43). Most adverse events were of mild-to-moderate 
intensity and, in the investigator’s opinion, unrelated to study medication. However, 
daily dosing of palonosetron is likely to have little to no advantage over an every- 
other- day schedule due to the pharmacology of the antagonist. More recently, 
patients suffering from different hematological and solid malignancies were enrolled 
in a single-center prospective trial to explore the effi cacy of an every-other-day 
palonosetron schedule for the prevention of CINV caused by a variety of high-dose 
multiple-day chemotherapy regimens [ 38 ]. The primary effi cacy end point of the 
study was the rate of CC (defi ned as no emesis, no rescue antiemetics, and no more 
than mild nausea) during the overall study period. The overall period started with 
the initiation of chemotherapy (day 1) and continued for 24 h after the last dose of 
chemotherapy (overall study period). Historical control patients received an intrave-
nous ondansetron dose of 16 mg per day in combination with the same daily dose of 
dexamethasone (16 mg), both administered on each day of chemotherapy duration. 
The average number of days of chemotherapy was 4.7 days (range, 2–6 days) and 
4.3 days (range, 2–6 days) in the palonosetron and historical cohorts, respectively. 
Signifi cantly, more patients in the palonosetron cohort had undergone auto-HSCT 
as part of frontline therapy compared with those in the historical cohort (46 % vs. 
20 %, respectively;  P  = 0.003). The proportion of patients achieving CC in the 
 palonosetron cohort was signifi cantly higher than that observed in the ondansetron 
cohort during the overall study period (81 % vs. 50 %, respectively;  P  = 0.001). In a 
multivariable analysis, both the use of palonosetron ( P  = 0.001) and a longer dura-
tion of chemotherapy ( P  = 0.01) independently predicted a better outcome to anti-
emetic treatment. 

 In a small-size prospective trial, the effi cacy of an every-other-day palonose-
tron schedule combined with daily dexamethasone dosing was evaluated during 
the entire conditioning period prior to allo-HSCT in patients with hematological 
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disorders [ 39 ]. The majority of patients (63 %) received a myeloablative condi-
tioning regimen. The control of nausea and vomiting was assessed on a daily basis 
from the start of conditioning to day 7 after HSCT. The authors concluded that 
palonosetron every other day combined with dexamethasone is effective in pre-
venting emesis during conditioning, but nausea is less effectively prevented, espe-
cially in the fi rst week after HSCT. 

 At a single center, consecutive patients undergoing a variety of conditioning 
regimens, with or without TBI, prior to allo-HSCT for various hematological dis-
eases were retrospectively reviewed [ 40 ]. Patients who received either daily dosing 
of a fi rst-generation 5-HT 3  receptor antagonist or palonosetron administered every 
60 h during the conditioning were stratifi ed into the standard ( n  = 23) and palonose-
tron ( n  = 28) groups, respectively. Daily intravenous dexamethasone was also 
administered to all patients. Acute emesis was defi ned as nausea or vomiting occur-
ring during and 24 h after conditioning, whereas delayed emesis was defi ned as 
nausea or vomiting occurring between 24 and 120 h after completing the condition-
ing regimen. In this retrospective review with a limited number of patients, palono-
setron and older antagonists were at least equally effective for the control of emesis 
in allo-HSCT recipients. However, the majority of patients (52 %) in the standard 
group required rescue antiemetics, compared with only 21 % of the patients in the 
palonosetron group ( P  = 0.04).  

8.5     NK-1 Receptor Antagonists for High-Dose Multiple-Day 
Chemotherapy 

 Aprepitant was the fi rst NK-1 receptor antagonist introduced into clinical care. When 
used for 3 days as approved by the FDA, aprepitant improves the antiemetic effi cacy 
of 5-HT 3  receptor antagonists and dexamethasone, particularly in the setting of 
delayed emesis [ 41 ,  42 ]. Conditioning regimens prior to HSCT typically take up to a 
week to administer, and therefore aprepitant should be continued longer than the drug 
is currently used. In addition, aprepitant has a complex metabolic pathway because it 
is both a substrate and moderate inhibitor of the cytochrome-P450 3A4 system, which 
could lead to clinically signifi cant toxicity implications [ 43 ]. Since both etoposide 
and cyclophosphamide are metabolized by this enzyme, aprepitant could theoreti-
cally affect the transplantation outcome as well as regimen-related toxicity. However, 
two recent reports did not show signifi cant drug interaction of aprepitant with cyclo-
phosphamide as well as negative effects on melphalan pharmacokinetics in cancer 
patients undergoing conditioning prior to HSCT [ 44 ,  45 ]. The main results of fully 
published studies assessing the effi cacy of aprepitant in patients undergoing high-
dose multiple-day chemotherapy are summarized in Table  8.2 . Interpretation of the 
data from most studies is hindered by several factors, including the small sample size, 
variable antiemetic dosing regimens, and nonuniformity of the effi cacy end points.

   In a pilot trial, the effi cacy of an antiemetic regimen containing aprepitant was 
evaluated for the prevention of CINV caused by conditioning regimens prior to 
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   Table 8.2    Summary of fully published studies investigating the effi cacy of aprepitant in patients 
undergoing high-dose multiple-day chemotherapy   

 Study (number 
of patients) 

 Chemotherapy 
regimen 

 Antiemetic prophylaxis 
(dose in mg) 

 Primary 
study end 
point a  

 Overall 
results 

 Paul et al. [ 46 ] 
( N  = 42) 

 BEAM 
 HD melphalan 

 Onda (24) or Dola (100) p.o. on 
day 1 

 Complete 
emetic 
response 

 54 % 

 Bu/CY  Dex (12) p.o. on day 1 
 Other  Apr (125) p.o. on day 1, then 

Apr (80) p.o. daily during 
chemotherapy 

 Jordan et al. 
[ 47 ] ( N  = 64) 

 T/ICE 
 HD melphalan 

 Gra (1) i.v. on each day of 
chemotherapy 

 Complete 
response 

 63 % 

 Dex (8) i.v. daily until 2 days 
after chemotherapy 
 Apr (125) p.o. on day 1, then Apr 
(80) daily until 2 days after 
chemotherapy 

 Pielichowski 
et al. [ 48 ] 
( N  = 56) 

 BEAM  Palo (0.25) i.v. on day 1  Highly 
effective 
response 

  Overall 
phase : 82 % 
  Acute phase : 
94 % 

 Dex (20) i.v. on day 1, then Dex 
(12) i.v. on each day of 
chemotherapy 
 Apr (125) p.o. on day 1, 
then Apr (80) p.o. on days 2 
and 3 

  Delayed 
phase : 85 % 

 Pielichowski 
et al. [ 49 ] 
( N  = 20) 

 Bu/CY  Palo (0.25) i.v. on day 1  Highly 
effective 
response 

  Overall 
phase : 55 % 
  Acute phase : 
70 % 

 Dex (20) i.v. on day 1, then Dex 
(12) i.v. on each day of 
chemotherapy 
 Apr (125) p.o. on day 1, 
then Apr (80) p.o. on days 2 
and 3 

  Delayed 
phase : 55 % 

 Uchida et al. 
[ 50 ] ( N  = 26) 

 MCEC 
 HD melphalan 

 Gra (3) i.v. BID on each day of 
chemotherapy 

 Complete 
response 

 42 % 

 LEED  Apr (125) p.o. on day 1, then 
Apr (80) p.o. daily during 
chemotherapy 

 Other 

 Uchida et al. 
[ 51 ] ( N  = 46) 

 TBI/CY 
 Bu/CY 
 Flu/Bu/TBI 

 Gra (3) i.v. BID on each 
day of chemotherapy 
and/or TBI 

 Complete 
response 

 48 % 

 Flu/CY  Apr (125) p.o. on day 1, then 
Apr (80) p.o. daily during 
chemotherapy 

 Flu/Mel/TBI 
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 Stiff et al. [ 52 ] 
( N  = 179) 

 TBI/CY   Arm 1 : Onda (8) p.o. TID on 
day 1, then every day until 1 day 
after chemotherapy 

 Complete 
response 

  Arm 1 : 82 % 
  Arm 2 : 66 % 
 ( P  < 0.001) 

 Bu/CY 
 TBI/VP/CY 
 BCV  Dex (7.5) i.v. daily until 1 day 

after chemotherapy 
 Apr (125) p.o. on day 1, then 
Apr (80) p.o. daily until 3 days 
after chemotherapy 
  Arm 2 : Onda (8) p.o. TID on 
day 1, then every day until 1 day 
after chemotherapy 
 Dex (10) i.v. daily until 1 day 
after chemotherapy 
 Placebo p.o. daily until 3 days 
after chemotherapy 

 Deauna-
Limayo et al. 
[ 53 ] ( N  = 18) 

 BEAM 
 HD melphalan 

 Palo (0.25) i.v. daily during 
chemotherapy, then Palo (0.25) 
i.v. on day 3 after transplant 

 Complete 
control 

  Acute phase : 
78 % 
  Delayed 
phase : 33 %  Dex (4) i.v. daily during 

chemotherapy 
 Apr (125) p.o. on day 1, then 
Apr (80) p.o. on days 2 and 3 

  Overall 
phase : 17 % 

 Sakurai et al. 
[ 54 ] ( N  = 20) 

 Flu/Mel with 
or without 
TBI 

 Onda (4) i.v. BID during the 
2 days of melphalan 

 Complete 
response 

 35 % 

 Methylprednisolone (62.5) i.v. 
BID during the 2 days of 
melphalan 
 Apr (125) p.o. starting 1 day 
after the second dose of 
melphalan, then Apr (80) p.o. 
daily for 4 days 

   Palo  palonosetron,  Dex  dexamethasone,  Onda  ondansetron,  Dola  dolasetron,  Gra  granisetron,  Apr  
aprepitant,  BID  twice daily,  TID  three times a day,  BEAM  BCNU/etoposide/ara-C/melphalan,  Bu  
busulfan,  CY  cyclophosphamide,  T/ICE  paclitaxel/ifosfamide/carboplatin/etoposide,  MCEC  rani-
mustine/carboplatin/etoposide/cyclophosphamide,  LEED  etoposide/cyclophosphamide/melpha-
lan/dexamethasone,  TBI  total body irradiation,  Flu  fl udarabine,  VP  etoposide,  BCV  BCNU/
cyclophosphamide/VP16,  Mel  melphalan 
  a See text for more details  

HSCT [ 46 ]. The majority of patients had a primary cancer diagnosis of multiple 
myeloma or malignant lymphoma. Eight different chemotherapeutic regimens with 
varying duration and emetogenic potential including TBI were used in the study. 
The primary end point was the rate of complete emetic response (CER; defi ned as 
no episodes of emesis, none-to-mild nausea, and no rescue antiemetics) that was 
evaluated daily beginning on day 1 and continuing up to day 7 following chemo-
therapy. In this exploratory trial, addition of aprepitant to the 1-day regimen of a 

Table 8.2 (continued)
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5-HT 3  receptor antagonist plus dexamethasone failed to meet the primary objective 
of increasing CER rates by 20 % on each of the 7 days after chemotherapy 
initiation. 

 Jordan et al. prospectively evaluated the triple combination of aprepitant, granis-
etron, and dexamethasone in patients undergoing conditioning regimens prior to 
auto-HSCT for either multiple myeloma or a solid tumor [ 47 ]. The primary end 
point was the rate of CR (defi ned as no vomiting and no rescue antiemetics) in the 
overall study period (day 1 until 5 days after chemotherapy completion). For the 
acute phase (i.e., during days of chemotherapy administration), a CR was achieved 
in 53 patients (83 %), while 45 patients (70 %) experienced delayed CR during the 
period of 5 days after chemotherapy completion. The tolerability of the aprepitant 
regimen over 4–5 days was comparable with the 3-day dose regimen. The authors 
concluded that the addition of aprepitant to the standard antiemetic regimen may 
afford improved control of CINV during high-dose multiple-day chemotherapy 
administration. 

 A single-center study was performed to assess a triple-drug combination of apre-
pitant, palonosetron, and dexamethasone in the prevention of both acute and delayed 
emesis caused by BEAM chemotherapy prior to auto-HSCT for malignant lym-
phoma [ 48 ]. The study included historical control patients who received ondanse-
tron (32 mg intravenously daily during chemotherapy;  n  = 20) or single-dose 
palonosetron ( n  = 20), either in combination with daily dexamethasone. Antiemetic 
outcome was assessed as highly effective response (defi ned as either no emesis and 
no more than moderate nausea or one to two emetic episodes and no more than mild 
nausea) in the acute (day 1 until 24 h after chemotherapy completion) and delayed 
(5 days after chemotherapy completion) study periods. This small-size study with 
historical control cohorts showed that the addition of aprepitant to palonosetron and 
dexamethasone is signifi cantly superior to palonosetron or ondansetron, both with 
dexamethasone, for the prevention of both acute (highly effective response: 94 % 
vs. 70 % vs. 35 %, respectively) and delayed (85 % vs. 85 % vs. 50 %) CINV in 
patients undergoing BEAM chemotherapy with HSCT. Another similar study with 
historical control patients was carried out from the same group to evaluate the effi -
cacy of the triple-drug combination in preventing both acute and delayed emesis 
caused by Bu/CY chemotherapy as conditioning prior to allo-HSCT for hemato-
logical malignancies [ 49 ]. The patients treated with the triple-drug combination had 
signifi cantly higher response rates than those receiving palonosetron ( n  = 20) or 
ondansetron ( n  = 20), both with dexamethasone, during both the acute (highly effec-
tive response: 70 % vs. 30 % vs. 20 %, respectively) and delayed (55 % vs. 55 % vs. 
30 %) study periods. 

 Uchida et al. retrospectively evaluated the effectiveness and safety of aprepitant 
in addition to granisetron in Japanese patients with hematological malignancies 
receiving conditioning prior to auto-HSCT [ 50 ]. There was a historical cohort of 22 
patients receiving granisetron alone as a control. Since most patients in the study 
were already highly immunosuppressed, corticosteroids were not administered for 
emetic control. Aprepitant was administered for up to 6 days depending on each 
individual conditioning regimen (range, 3–6 days). The primary end point was the 
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rate of CR (defi ned as no emesis with only grade 1–2 nausea, using the Common 
Terminology Criteria for Adverse Events v.4) during chemotherapy and until 5 days 
after the last dose was administered. The proportion of patients who achieved a CR 
in the aprepitant group was signifi cantly higher than that in the control group (42 % 
vs. 5 %, respectively;  P  = 0.003). The frequencies of drug-related adverse events 
were not signifi cantly different between two treatment groups. In addition, the same 
authors retrospectively assessed the effi cacy and safety of aprepitant added to 
granisetron in the setting of high-dose chemotherapy with allo-HSCT for hemato-
logical malignancies [ 51 ]. The control cohort included 42 consecutive patients who 
received granisetron alone. The rate of CR in the aprepitant group was signifi cantly 
higher than that in the control group (48 % vs. 24 %, respectively;  P  = 0.02). Overall, 
the fi ndings from these two retrospective reviews suggested that the addition of 
aprepitant to granisetron can improve the antiemetic effi cacy without infl uencing 
toxicities in patients undergoing high-dose chemotherapy prior to either autologous 
or allogeneic HSCT. 

 Recently, Stiff et al. performed a randomized, placebo-controlled, phase III trial 
of aprepitant in combination with ondansetron and dexamethasone in patients 
treated with myeloablative regimens before autologous or allogeneic HSCT [ 52 ]. 
Eligible patients who had hematological malignancies were randomized to receive 
oral aprepitant or placebo daily during and for 3 days after chemotherapy  completion. 
The primary effi cacy end point of the study was the rate of CR (defi ned as no emesis 
and none-to-mild nausea) during the entire period of aprepitant administration. 
Secondary effi cacy end points included number of emetic episodes, severity of nau-
sea assessed using a 100-mm visual analog scale (VAS), need for rescue antiemet-
ics, and transplantation outcome, including regimen-related toxicity (RRT). For the 
primary and secondary end points, the data were analyzed as composite responses 
(average daily responses) to account for the different lengths of the conditioning 
regimens, which ranged from 5 to 8 days. The RRT was also measured by docu-
menting engraftment and all non-myelosuppressive grade 3 or 4 toxicity during and 
after the fi rst 30 days after the last dose of aprepitant. The study was powered to 
show a 20 % difference between the antiemetic regimens. The rate of CR in the 
aprepitant group was signifi cantly higher than that in the placebo group ( P  < 0.001). 
Proportions of patients with no emesis all days were 73 % for the aprepitant group 
and 22 % for the placebo group ( P  < 0.001). There were no between- group differ-
ences in the mean VAS scores, amount of rescue antiemetics used, RRT, engraft-
ment, or transplantation outcome. The authors concluded that the addition of 
aprepitant signifi cantly decreased emesis and signifi cant nausea, whereas had no 
impact on use of rescue medication, or overall VAS nausea scores. 

 A pilot study was performed to assess emetic responses to a multiday regimen 
of palonosetron, aprepitant, and low-dose dexamethasone that was used during 
consecutive days of conditioning prior to auto-HSCT [ 53 ]. An additional single 
dose of palonosetron was given on day 3 after transplantation. A total of 20 patients 
with multiple myeloma and malignant lymphoma were enrolled and 18 analyzed. 
The primary end point of the study was to assess the rate of CC (defi ned as no 
emetic episode in each 24-h interval, no rescue antiemetics, and Nausea Visual 
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Score of ≤2.5) in the acute (24 h following chemotherapy initiation), delayed (day 
2 of chemotherapy and up to 72 h after chemotherapy completion), and overall 
study periods. No patient experienced emetic failure in the overall period. However, 
nausea remained a major problem with 78 % of the patients developing nausea, 
although the majority of nauseated patients (61 %) had no signifi cant nausea. 

 A retrospective comparative study evaluated the effi cacy of aprepitant in 60 
patients who received high-dose melphalan-based conditioning prior to allo-HSCT 
for hematological malignancies [ 54 ]. Twenty of the 60 patients also received apre-
pitant for 5 days; the remaining 40 patients, who received ondansetron and methyl-
prednisolone as an antiemetic prophylaxis, served as a control. The overall study 
period was 12 days from the fi rst day of melphalan administration. The rate of CR 
(defi ned as no emesis and no rescue antiemetics) was signifi cantly higher in the 
aprepitant group than in the control group during the overall study period (35 % vs. 
10 %;  P  < 0.05). Overall, the results from very different studies indicate that aprepi-
tant has a greater impact on vomiting than it has on nausea. In addition, there is a 
lack of well-designed and powered randomized studies evaluating aprepitant in 
combination with palonosetron in the setting of high-dose multiple-day 
chemotherapy. 

 More recently, Schmitt et al. reported a randomized, placebo-controlled, double- 
blind, single-center phase III trial to assess the effi cacy of aprepitant in addition to 
a standard regimen in a homogeneous population of patients who were scheduled to 
undergo the same conditioning prior to auto-HSCT [ 55 ]. A total of 362 patients with 
multiple myeloma were randomly assigned at a one-to-one ratio to receive either 
aprepitant (125 mg orally on day 1 and 80 mg orally on days 2–4), granisetron 
(2 mg orally on days 1–4), and dexamethasone (4 mg orally on day 1 and 2 mg 
orally on days 2 and 3) or matching placebo, granisetron (2 mg orally on days 1–4), 
and dexamethasone (8 mg orally on day 1 and 4 mg orally on days 2 and 3). To 
reduce the risk of infection after HSCT, a lower dose of dexamethasone than gener-
ally recommended for highly emetogenic regimens was chosen. High-dose melpha-
lan was administered intravenously on days 1 and 2, while HSCT was performed on 
day 4. The primary end point of the study was the rate of CR (defi ned as no emesis 
and no rescue antiemetics) within 120 h of melphalan administration. The study was 
powered to show a 15 % difference between the antiemetic regimens. In the overall 
phase, more patients in the aprepitant arm experienced a CR compared with those 
in the control arm ( P  = 0.004; Fig.  8.1 ). Signifi cantly, more patients in the aprepitant 
arm did not experience either emesis or signifi cant nausea (VAS >25 mm) over the 
5 days compared with the control arm ( P  = 0.003 and  P  = 0.02, respectively; Fig.  8.1 ). 
However, control of overall nausea was less pronounced (85 % vs. 78 %;  P  = 0.10). 
There was also no between-arm difference in the rescue medication use during the 
entire study period of 7 days after chemotherapy initiation (48 % vs. 40 %;  P  = 0.16). 
More patients in the aprepitant arm, compared with those in the control arm, had an 
FLIE score indicating no impact on daily life (74 % vs. 59 %, respectively; 
 P  = 0.004). Rates of adverse events did not signifi cantly differ between the two treat-
ment arms during the entire study period. However, infl uence of the antiemetic regi-
mens on hematological recovery, progression-free survival, or overall survival was 
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  Fig. 8.1    Effi cacy of aprepitant in providing complete response (no emesis and no rescue antiemet-
ics), no emesis, and no signifi cant nausea (VAS <25 mm) within 120 h of high-dose melphalan 
administration. * P  < 0.05 compared with control arm (Data from Schmitt et al. [ 55 ])       

not assessed in this trial. The authors concluded that the addition of aprepitant to a 
standard antiemetic regimen should be strongly considered in the setting of high- 
dose melphalan conditioning.

8.6        Recommendations and Future Directions 

 High-dose multiple-day chemotherapy remains one of the neglected areas of anti-
emetic research [ 56 ]. There are diffi culties in developing evidenced-based recom-
mendations for the optimal strategy of CINV control in this challenging setting 
[ 15 ]. The lack of consistent recommendations and strategies is due to the fact that 
the larger amount of available information comes from limited series of heteroge-
neous patient populations, characterized as having a variety of tumor types which 
have been treated with different chemotherapy regimens administered over con-
secutive days. Few randomized trials have been done that use different effi cacy end 
points compared to the standard antiemetic trials of conventional-dose chemother-
apy. In addition, most patients have experienced emesis with prior chemotherapy or 
irradiation. It also must be pointed out that both acute and delayed CINV may occur 
on day 2 or subsequent chemotherapy days, delayed symptoms may occur after 
chemotherapy completion, and patients often receive narcotic analgesics and/or 
other medications which may be a risk factor for emesis [ 2 ,  47 ]. The current treat-
ment recommendations for the management of CINV caused by high-dose multiple- 
day chemotherapy are mainly extrapolated from nonrandomized studies of patients 
who have been treated with a fi rst-generation 5-HT 3  receptor antagonist alone or in 
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combination with corticosteroids [ 15 ]. Accordingly, evidence-based guidelines rec-
ommend a two-drug combination of a 5-HT 3  receptor antagonist and dexametha-
sone, either administered on each day of the chemotherapy treatment [ 57 ,  58 ]. In 
spite of a paucity of randomized trials evaluating palonosetron in patients undergo-
ing high-dose multiple-day chemotherapy, available evidence suggests that the 
daily dosing required with older antagonists may be not needed with palonosetron 
in this setting [ 35 ,  37 – 40 ]. Fewer doses of palonosetron seem necessary to achieve 
at least the same level of protection against CINV in this special population. Further 
randomized investigations of long-acting palonosetron could also include the novel 
transdermal formulation of granisetron that has been developed to provide extended 
release of the drug over 7 days [ 59 ]. 

 The updated guidelines from American Society of Clinical Oncology recom-
mend that the addition of an NK-1 receptor antagonist should be strongly consid-
ered, although evidence to support its use is limited [ 58 ]. More recently, meaningful 
prospective data have been added to the current literature to support the use of 
aprepitant, when also administered beyond day 3 of initiating chemotherapy, as an 
effective and safe approach in the setting of high-dose chemotherapy with HSCT 
[ 54 ,  55 ]. It is likely that the fi ndings from randomized trials of aprepitant in this set-
ting will be included in the upcoming version of the antiemetic guidelines from 
Multinational Association of Supportive Care in Cancer. In light of these results, it 
would be of interest to examine the effects of combining daily aprepitant with 
every-other-day dosing of palonosetron versus a daily dosing of aprepitant and an 
older 5-HT 3  receptor antagonist in this setting. It also should be noted that fosapre-
pitant, an intravenous prodrug for aprepitant, as well as novel NK-1 receptor antag-
onists such as netupitant and rolapitant have been shown to have a high degree of 
receptor occupancy for a long duration when given as a single dose and appear to be 
well tolerated [ 60 ,  61 ]. Clinical investigations are needed to determine how these 
agents affect control of CINV as well as safety and compliance with antiemetic 
therapy in the challenging setting of high-dose multiple-day chemotherapy. The 
optimal dose of dexamethasone is also unknown, and, therefore, the minimum 
effective doses of corticosteroids remain to be fully investigated because of the pos-
sible toxicities of prolonged dosing which can be particularly harmful in patients 
conditioned prior to HSCT. However, clinicians should keep in mind that the litera-
ture data suggest that neither 5-HT 3  receptor antagonists nor aprepitant has been 
very effective in controlling nausea that remains frequent in patients undergoing 
conventional-dose chemotherapy [ 62 ]. Since there were similar fi ndings in the 
recent phase III trials of aprepitant for high-dose chemotherapy, it also remains a 
need to improve control of nausea in this setting [ 54 ,  55 ]. Given the previously 
demonstrated effi cacy of the atypical antipsychotic olanzapine against either 
delayed nausea or breakthrough CINV caused by conventional-dose chemotherapy, 
it would seem reasonable to postulate that its addition to antiemetic coverage may 
improve control of nausea, particularly on the latter days of chemotherapy and the 
posttransplantation period [ 63 ,  64 ]. However, the optimal dose  (10 mg/day or lower)  
and tolerability of olanzapine with respect to sedation need exploration in this spe-
cial population in order to minimize the side-effect burden for patients who are 
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already signifi cantly debilitated by their condition [ 65 ]. It must be pointed out that 
the enrollment of a randomized, placebo-controlled, double-blind, multicenter 
phase III trial comparing olanzapine (days 1–4) to placebo in combination with a 
5-HT 3  receptor antagonist (day 1), dexamethasone (days 1–4), and either fosaprepi-
tant (day 1) or aprepitant (days 1–3) in patients treated with single-day, highly 
emetogenic chemotherapy has just been completed (Alliance trial A221301). The 
primary end point of the study is the proportion of patients with no nausea in the 
acute, delayed, and overall study periods, while the incidence of potential toxicities 
related to olanzapine is one of the secondary end points. The results of this large, 
placebo-controlled, double-blind study, which are expected shortly, will provide 
clinicians important information on some issues such as the effectiveness of olan-
zapine combined with a three-drug regimen, particularly in the control of nausea, 
and the tolerability profi le of this agent when used as an antiemetic at the dose of 
10 mg per day. At last but not least, the differences in patient populations (i.e., age, 
gender, disease state, and prior history of CINV) as well as varied high-dose chemo-
therapy regimens could infl uence the comparative responses between antiemetic 
regimens. Therefore, the most appropriate strategy of investigation using standard-
ized end points of effectiveness should be to evaluate one disease state and one 
chemotherapy regimen [ 55 ]. For the implementation of such a strategy, there is also 
a need to plan adequately powered trials in the context of a collaborative clinical 
network in order to complete accrual in a reasonable time frame.     
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    Chapter 9   
 Clinical Management of CINV                     

       Rudolph     M.     Navari    

9.1            Principles in the Management of CINV 

 Antiemetic guidelines have been published by NCCN [ 1 ], ASCO [ 2 ], and MASCC 
[ 3 ]. These guidelines form the basis for the recommendations for the management 
of CINV. As new information and new studies emerge, the guidelines will evolve to 
provide the highest quality evidence-based clinical practice.  

9.2     Single-Day Chemotherapy 

 For patients receiving highly emetogenic chemotherapy (HEC), current evidence 
suggests the following [ 1 – 3 ]:

•    Pre-chemotherapy—any of the 5-HT 3  receptor antagonists with dexamethasone 
and one of the available oral neurokinin-1 (NK-1) receptor antagonists. 
Fosaprepitant may be administered intravenously as an alternative to one of the 
oral NK-1 receptor antagonists on day 1. 

 The guidelines suggest that the combination of cyclophosphamide and doxo-
rubicin should be considered as HEC and the appropriate preventative agents 
should be used.  

•   Post-chemotherapy—oral aprepitant on days 2 and 3 (omit if fosaprepitant has been 
given on day 1) and dexamethasone on days 2–4. No NK-1 receptor antagonist is 
necessary if the NK-1 receptor antagonist netupitant or rolapitant is given on day 1.    
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 For patients receiving moderately emetogenic chemotherapy (MEC), current 
evidence suggests the following [ 1 – 3 ]:

•    Pre-chemotherapy—the 5-HT 3  receptor antagonist palonosetron plus dexametha-
sone. If palonosetron is not available, ondansetron or granisetron may be employed.  

•   Post-chemotherapy—dexamethasone on days 2–4.    

 Antiemetic guidelines of the past [ 4 ] have included the available oral fi rst- 
generation 5-HT 3  receptor antagonists as optional therapy for the prevention of 
delayed emesis, but the level of evidence supporting this practice is low [ 4 – 7 ]. The 
fi rst-generation 5-HT 3  receptor antagonists are no longer recommended for use 
post-chemotherapy [ 1 – 3 ]. 

 For patients receiving low emetogenic chemotherapy, a single agent in the form 
of a 5-HT 3  receptor antagonist, dexamethasone, or a phenothiazine, depending on 
the clinical situation, should be used pre-chemotherapy, and an antiemetic following 
chemotherapy should be given only as needed.  

9.3     Treatment of Breakthrough CINV 

 Breakthrough CINV occurs in patients who develop emesis and/or nausea despite ade-
quate prophylaxis prior to chemotherapy. Phenothiazine, metoclopramide, dexametha-
sone, or olanzapine may be effective in the treatment of breakthrough nausea and 
vomiting [ 3 ]. A 5-HT 3  receptor antagonist may also be effective unless a patient presents 
with nausea and vomiting that developed following the use of a 5-HT 3  receptor antago-
nist as prophylaxis for chemotherapy- or radiotherapy-induced emesis. It is very unlikely 
that breakthrough nausea and vomiting will respond to an agent in the same drug class 
after unsuccessful 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 3-day regimen of 
oral olanzapine or oral metoclopramide. A recently completed phase III study dem-
onstrated that oral olanzapine (10 mg/day for 3 days) was signifi cantly better than 
oral metoclopramide (10 mg three times daily for 3 days) in controlling both emesis 
and nausea in patients receiving HEC who developed breakthrough CINV despite 
guideline-directed prophylactic antiemetics [ 8 ]. 

 It is important to note that the NK-1 receptor antagonists have been approved as 
additive agent to a 5-HT 3  receptor antagonist and dexamethasone for the prevention 
of CINV. They have not been studied and should not be used to treat breakthrough 
nausea and vomiting.  

9.4     Refractory CINV 

 Patients who develop CINV during subsequent cycles of chemotherapy despite 
adequate prophylaxis are considered to have refractory CINV. When antiemetic 

R.M. Navari



159

prophylaxis has not been successful in controlling CINV in earlier cycles, patients 
should be considered for a change in their prophylactic antiemetic regimen. If anxi-
ety is considered to be a major patient factor in the CINV, a benzodiazepine such as 
lorazepam or alprazolam can be added to the prophylactic regimen. If the patient is 
receiving HEC, olanzapine (days 1–3) can be substituted for an NK-1 receptor 
antagonist in the prophylactic antiemetic regimen [ 9 ]. If the patient is receiving 
MEC, an NK-1 receptor antagonist may be considered to be added the palonosetron 
and dexamethasone antiemetic regimen [ 10 – 12 ].  

9.5     Anticipatory CINV 

 Anticipatory CINV develops when a patient’s CINV is not well controlled in pre-
vious chemotherapy cycles, and patients develop nausea and vomiting without 
any chemotherapy in anticipation of the next chemotherapy cycle. In order to 
prevent the occurrence of anticipatory CINV, patients should be counseled prior 
to the initial course of treatment concerning their “expectations” of CINV. Patients 
should be informed that very effective prophylactic antiemetic regimens will be 
used and that 70–75 % of patients will have a complete response (no emesis, no 
use of rescue medications). The most effective prophylactic antiemetic regimen 
for the patient’s specifi c type of chemotherapy should be used prior to the fi rst 
course of chemotherapy in order to obtain the optimum control of CINV during 
the fi rst course of chemotherapy. If CINV is effectively controlled during the fi rst 
cycle, it is likely that the patient will have effective control during subsequent 
cycles of the same chemotherapy. If the patient has a poor experience with CINV 
in the fi rst cycle, it may be more diffi cult to control CINV in subsequent cycles, 
and refractory and/or anticipatory CINV may occur. The use of antianxiety medi-
cations such as lorazepam or another benzodiazepine may be considered for 
excess anxiety prior to the fi rst course of chemotherapy in order to obtain an 
optimum outcome and prevent anticipatory CINV. If anticipatory CINV occurs 
despite the use of prophylactic antiemetics, behavioral therapy might be 
considered.  

9.6     Multi-day Chemotherapy and High-Dose Chemotherapy 
with Stem Cell or Bone Marrow Transplantation 

 Although there have been signifi cant improvements in the prevention of CINV in 
patients receiving single-day HEC and MEC, there has been limited progress in the 
prevention of CINV in patients receiving multiple-day chemotherapy or high-dose 
chemotherapy with stem cell transplant. The current recommendation is to give a 
fi rst-generation 5-HT 3  receptor antagonist and dexamethasone daily during each 
day of chemotherapy in patients receiving multiple-day chemotherapy or high-dose 
chemotherapy with stem cell transplant [ 13 ]. This regimen appears to be at least 
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partially effective in controlling acute CINV but is not very effective in controlling 
delayed CINV. The complete response in most studies of 5 days of cisplatin and in 
various high-dose chemotherapy regimens is 30–70 %, with the majority of studies 
reporting a complete response of ≤50 % [ 13 ]. 

 Patients should receive the appropriate prophylaxis for the emetogenic risk of the 
chemotherapy for each day of the chemotherapy treatment. Both acute and delayed 
CINV may occur on day 2 or subsequent chemotherapy days and delayed CINV 
may occur after the last day of the multi-day chemotherapy treatment. 

 The antiemetic agents palonosetron, aprepitant, netupitant, rolapitant, and olan-
zapine have shown effectiveness in controlling both acute and delayed CINV in 
patients receiving single-day MEC and HEC. They may have application in patients 
receiving multiple-day or high-dose chemotherapy. Palonosetron has been used in 
one report of patients receiving 5 days of cisplatin [ 14 ], and Albany et al. [ 15 ] 
reported that the addition of aprepitant to a 5-HT 3  receptor antagonist and dexa-
methasone signifi cantly improved the complete response in patients receiving 
5 days of cisplatin. 

 Stiff et al. [ 16 ] reported an improvement in nausea and emesis when aprepitant 
was added to ondansetron and dexamethasone in patients receiving highly emeto-
genic chemotherapy as a preparative regimen for patients receiving stem cell trans-
plants. Jordan et al. [ 17 ] demonstrated some improvement in nausea and emesis 
when aprepitant was added to granisetron and dexamethasone in patients receiving 
high-dose chemotherapy (high-dose melphalan and high-dose T-ICE: paclitaxel, 
ifosfamide, carboplatin, etoposide). Additional studies are needed to defi ne an opti-
mal regimen for the control of CINV in patients receiving preparative chemotherapy 
regimens for stem cell and bone marrow transplants.  

9.7     Prevention and Treatment of Nausea 

 The current data in the literature from multiple large studies suggest that the fi rst- or 
second-generation 5-HT 3  receptor antagonists and the neurokinin-1 receptor antag-
onists 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 [ 9 ,  11 ,  12 ,  18 ]. It appears that neither the serotonin nor the substance P 
receptors may be important in mediating nausea. Recent phase II and phase III 
studies with olanzapine have demonstrated very good control of both emesis and 
nausea in patients receiving either MEC or HEC [ 9 ,  19 ,  20 ]. Preliminary small stud-
ies with gabapentin, cannabinoids, and ginger are inconclusive in defi ning their 
role, if any, in the prevention of CINV. At this time, olanzapine appears to have high 
potential for the prevention of both emesis and nausea in patients receiving MEC or 
HEC [ 9 ,  18 – 20 ]. If patients are having diffi culty with signifi cant nausea, consider-
ation should be given to including olanzapine in their prophylactic antiemetic regi-
men [ 9 ,  18 – 20 ]. Olanzapine may also be effi cacious in the treatment of breakthrough 
nausea [ 8 ].     
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    Chapter 10   
 Treatment of Chemotherapy-Induced Nausea                     

       Rudolph     M.     Navari     

10.1            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 ]. The use of 5-hydroxytryptamine-3 (5-HT 3 ) receptor antagonists 
plus dexamethasone has signifi cantly improved the control of CINV [ 2 ]. Recent 
studies have demonstrated additional improvement in the control of CINV with the 
use of a number of new agents: palonosetron, a second-generation 5-HT 3  receptor 
antagonist [ 3 ]; aprepitant, the fi rst agent available in the drug class of neurokinin- 1 
(NK-1) receptor antagonists [ 4 ,  5 ]; recent introduction of additional NK-1 receptor 
antagonists netupitant and rolapitant [ 6 ,  7 ]; and olanzapine, an antipsychotic which 
blocks multiple neurotransmitters in the central nervous system [ 8 – 10 ]. 

 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 [ 2 ]. Recent studies have shown that the combination of a 5-HT 3  receptor antago-
nist, dexamethasone, and an NK-1 receptor antagonist has been very effective in 
controlling emesis in patients receiving either highly emetogenic chemotherapy 
(HEC) or moderately emetogenic chemotherapy (MEC) over a 120 h period follow-
ing chemotherapy administration [ 4 – 7 ]. Many of these same studies have measured 
nausea as a secondary endpoint and have demonstrated that nausea has not been 
well controlled [ 2 – 7 ]. 
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 Emesis is a well-defi ned event which is easily measured, but nausea may be more 
subjective and more diffi cult to measure. There are, however, two well-defi ned mea-
sures of nausea which appear to be effective measurement tools which are reproduc-
ible: the visual analogue scale (VAS) and the Likert scale [ 11 ]. 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, moder-
ate, or severe. 

 The purpose of this review is to evaluate the effectiveness of the various antiemetic 
agents currently in use in the control of chemotherapy-induced nausea and to provide 
suggestions for the prevention of nausea in the acute, delayed, and overall periods 
post chemotherapy. Many studies have reported the secondary endpoint of “no sig-
nifi cant nausea” or “only mild nausea” [ 2 – 7 ]. This review concentrates on studies that 
have reported “no nausea” in an attempt to identify the most effective available agents.  

10.2     Defi nition and Pathophysiology 

 Nausea is a subjective, diffi cult-to-describe, sick or queasy sensation, usually per-
ceived as being in the stomach that is sometimes followed by emesis [ 11 ]. The 
experience of nausea is diffi cult to describe in another person because it is a subjec-
tive sensation. Nausea and emesis are not necessarily 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 awareness of unusual sensations in 
the “vomiting center” of the brainstem (Fig.  10.1 ), but the existence of such a center 
and its relationship to nausea remain controversial [ 11 ].

   Figure  10.2  illustrates the various receptors that are considered to be involved in 
CINV.

   These receptors are located both in the periphery such as the gastrointestinal tract 
and in the central nervous system. Various antiemetic agents have been developed as 
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 substance P recep-
tors 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 [ 2 ].  

10.3     Antiemetic Agents 

10.3.1     First-Generation 5-HT 3  Receptor Antagonists 

 The 5-HT 3  receptor antagonists currently in use include the fi rst-generation sero-
tonin (5-HT 3 ) receptor antagonists dolasetron, granisetron, ondansetron, tropisetron 
[ 12 ], azasetron [ 13 ], and ramosetron [ 14 ]. These are considered equivalent in effi -
cacy and toxicities when used in the recommended doses, and they have not been 
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associated with major toxicities [ 2 ]. Azasetron and ramosetron are not available in 
North American and Europe and have not been compared extensively to the other 
5-HT 3  receptor antagonists. 

 In 2006, Canada issued a drug alert for dolasetron, due to the potential of serious 
cardiovascular adverse events (cardiac arrhythmias) [ 15 ], stating that dolasetron 
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  Fig. 10.1    Proposed pathways of chemotherapy-induced emesis and nausea       
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was not indicated for use in children but only for prevention of CINV in adults [ 15 ]. 
Subsequently, in 2010, the US Food and Drug Administration (FDA) announced 
that the intravenous form of dolasetron 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 arrhythmias [ 16 ]. 

 The fi rst-generation 5-HT 3  receptor antagonists have not been as effective 
against delayed emesis as they are against acute CINV [ 17 – 19 ]. The fi rst-genera-
tion 5-HT 3  receptor antagonists alone do not add signifi cant effi cacy to that 
obtained by dexamethasone in the control of delayed emesis [ 18 ]. Hickok et al. 
[ 19 ] reported that the fi rst-generation 5-HT 3 s used in the delayed period were no 
more effective than prochlorperazine in controlling nausea. The antiemetic effects 
of prochlorperazine can be attributed to postsynaptic dopamine receptor blockade 
in the chemoreceptor trigger zone. A meta-analysis [ 18 ] showed that there was 
neither clinical evidence nor considerations of cost-effectiveness to justify using 
the fi rst-generation 5-HT 3  antagonists beyond 24 h after chemotherapy for the pre-
vention of delayed emesis. A number of recent studies have demonstrated that 
there has been poor control of delayed nausea by the fi rst-generation 5-HT 3  recep-
tor antagonists in patients receiving HEC or MEC [ 10 ,  20 ,  21 ] (Table  10.1 ). The 
use of granisetron and dexamethasone in patients receiving highly emetogenic 
chemotherapy resulted in “no nausea” in 25–27 % of patients [ 20 ]. The use of 
ondansetron plus dexamethasone in patients receiving moderately emetogenic 
chemotherapy resulted in “no nausea” in 33 % of patients and “no signifi cant nau-
sea” in 56 % of patients [ 21 ].

10.3.2        Palonosetron 

 Palonosetron is a second-generation 5-HT 3  receptor antagonist which has antiemetic 
activity at both central and gastrointestinal sites. In comparison to the fi rst- generation 
5-HT 3  receptor antagonists, it has a higher potency, a signifi cantly longer half-life, 
and a different molecular interaction with 5-HT 3  receptors [ 30 ,  31 ]. 

 Animal studies have demonstrated that chemotherapy agents produce nausea and 
vomiting by releasing substance P in the central nervous system and serotonin from 
the enterochromaffi n cells of the small intestine. The released serotonin activates 
the 5-HT 3  receptors located on the vagal afferents to initiate the vomiting refl ex. 
Palonosetron demonstrated a 5-HT 3  receptor-binding affi nity at least 30-fold higher 
than other 5-HT 3  receptor antagonists [ 22 ]. Rojas et al. [ 31 ] recently reported that 
palonosetron exhibited allosteric binding and positive cooperativity when binding 
to the 5-HT 3  receptor compared to simple bimolecular binding for both granisetron 
and ondansetron. Additional studies by Rojas et al. [ 31 ] suggested that palonosetron 
triggers 5-HT 3  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 fi rst-generation 5-HT 3  receptor antago-
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nists [ 3 ]. These differences may explain palonosetron’s effi cacy in delayed CINV 
compared to the fi rst-generation receptor antagonists [ 3 ]. A high level of effi cacy 
and an excellent safety profi le has been demonstrated in a number of studies [ 3 ,  20 , 
 26 ,  30 ,  32 ,  33 ]. In subgroup analyses in single-dose trials, palonosetron appeared to 

           Table 10.1    Phase II and III trials of various agents for the treatment of chemotherapy-induced 
nausea   

 Study  Chemotherapy 

 Phase 
II or 
III 

 No. 
patients 

 No nausea, delayed 
(%) 

 No nausea, overall 
(%) 

 Saito et al. 
[ 20 ] 

 HEC  III  1114  Palo+Dex:  38*  Palo+Dex:  32* 
 Gran+Dex:  27  Gran+Dex:  25 

 Hesketh 
et al. [ 22 ] 

 HEC  III  1043  Women: 
   Aprepitant:  46 
   Control:  38 
 Men: 

 Warr et al. 
[ 23 ] 

   Aprepitant:  50 
   Control:  44 

 Aprepitant  52*  Aprepitant  48* 
 Control  44  Control  42 

 Warr et al. 
[ 21 ] 

 Cyclo+Doxo/Epi  III  866  Aprepitant:  37  Aprepitant:  33 
 Control:  36  Control:  33 

 Grote et al. 
[ 24 ] 

 MEC  II  58  APD:  31  APD:  30 

 Celio et al. 
[ 25 ] 

 MEC  III  334  Palo+Dex1:  57  Palo+Dex1:  52 
 Palo+Dex3:  62  Palo+Dex3:  57 

 Aapro 
et al. [ 39 ] 

 Cyclo+Doxo/Epi  III  300  Palo+Dex1:  50  Palo+Dex1:  47 
 Palo+Dex3:  55  Palo+Dex3:  50 

 Navari 
et al. [ 9 ] 

 MEC  II  32  OPD:  78  OPD:  78 

 Tan et al. 
[ 10 ] 

 MEC  III  229  OAD:  83*  OAD:  83* 

 HEC  III 
 AD:  58  AD:  56 
 OAD:  70*  OAD:  70* 
 AD:  30  AD:  28 

 Navari 
et al. [ 27 ] 

 HEC  III  257  OPD:  69*  OPD:  69* 
 APD:  38  APD:  38 

 Cruz et al. 
[ 28 ] 

 HEC  III  80  Gabapentin:  72  Gabapentin:  62 
 Control:  52  Control:  45 

 Meiri et al. 
[ 29 ] 

 MEC, HEC  III  61  No difference 
between 
dronabinol or 
ondansetron 

 Not reported 

 Navari [ 7 ]  HEC  III  1070  Rolapitant  56*  Rolapitant  52* 
 Control  44  Control  42 

    Palo  palonosetron,  Dex  dexamethasone,  Gran  granisetron,  APD  aprepitant, palonosetron, dexameth-
asone,  OPD  olanzapine, palonosetron, dexamethasone,  OAD  olanzapine, azasetron, dexamethasone 
 * p  < 0.05  
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control nausea better than dolasetron [ 32 ] and ondansetron [ 33 ] in patients receiv-
ing moderately emetogenic chemotherapy. 

 International antiemetic guidelines suggest the use of a 5-HT 3  receptor antago-
nist and dexamethasone prechemotherapy and dexamethasone post chemotherapy 
for patients receiving MEC and the use of a 5-HT 3  receptor antagonist plus dexa-
methasone plus an NK-1 receptor antagonist prechemotherapy and dexamethasone 
plus an NK-1 receptor antagonist post chemotherapy for patients receiving HEC 
[ 34 – 36 ]. Based on the recent palonosetron studies, palonosetron has been recom-
mended as the preferred 5-HT 3  receptor antagonist by multiple international anti-
emetic guidelines [ 34 – 36 ] for the prevention of acute nausea and vomiting associated 
with initial and repeat courses of MEC and HEC and for the prevention of delayed 
nausea and vomiting associated with initial and repeat courses of MEC. 

 Saito et al. [ 20 ] conducted a comparison of palonosetron plus dexamethasone 
versus granisetron plus dexamethasone for the prevention of CINV in patients 
receiving HEC. 

 The palonosetron regimen provided a signifi cantly higher complete response and 
control of nausea, but neither regimen provided effective control of nausea (no nau-
sea, overall period: 31.9 % palonosetron group; 25.0 % granisetron group) (Table  10.1 ). 

 There are no other second-generation 5-HT 3  receptor antagonists on the market 
and there is no information available on other second-generation agents in 
development.  

10.3.3     Aprepitant 

 Aprepitant is an NK-1 receptor antagonist which blocks the emetic effects of sub-
stance- P [ 4 ,  5 ,  37 ]. When combined with a standard regimen of the corticosteroid 
dexamethasone and a 5-HT 3  receptor antagonist, aprepitant is effective in the pre-
vention of CINV in patients receiving HEC [ 5 ,  37 ]. This regimen is recommended 
in the guidelines of multiple international groups for the control of CINV in patients 
receiving HEC [ 34 – 36 ]. 

 Combined data from two large phase III trials of aprepitant plus a fi rst- generation 
5-HT 3  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 analyzed for gender (no nausea, overall 
period: 46 % for women, aprepitant group, and 38 % for women, control group; 
50 % for men, aprepitant group, and 44 % for men, control group) [ 22 ] (Table  10.1 ). 
Using the same pooled data, a separate analysis [ 23 ] showed a statistical but small 
improvement in no nausea with the use of aprepitant (no nausea, overall period: 
48 %, aprepitant group; 42 %, control group) (Table  10.1 ). 

 In a similar study involving breast cancer patients receiving cyclophosphamide and 
doxorubicin or epirubicin, aprepitant was added to ondansetron and dexamethasone 
for the prevention of CINV. The addition of aprepitant to the 5-HT 3  receptor antagonist 
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plus dexamethasone improved the complete response, but there was no improvement 
in nausea (no nausea, overall period: 33 % aprepitant group; 33 % control group) [ 37 ]. 

 Palonosetron and aprepitant have been combined with dexamethasone for the pre-
vention of CINV in a phase II study of 58 patients who received doxorubicin and 
cyclophosphamide [ 24 ]. This three-drug antiemetic regimen was found to be safe and 
highly effective in preventing emesis and rescue in the acute, delayed, and overall peri-
ods, but there was poor control of nausea (no nausea, overall period: 30 %) (Table  10.1 ).  

10.3.4     Netupitant 

 Netupitant is a new NK-1 receptor antagonist with the structure and a mechanism of 
action similar to aprepitant, the fi rst agent approved by the FDA in this drug class. 
Netupitant has a high binding affi nity, a long half-life of 90 h, is metabolized by 
CYP3A4, and is an inhibitor of CYP3A4 [ 6 ]. 

 NEPA is an oral fi xed-dose combination of netupitant and palonosetron which 
has recently been employed in phase II and phase III clinical trials for the prevention 
of CINV in patients receiving MEC and HEC. The clinical trials demonstrated that 
NEPA (300 mg of netupitant plus 0.50 mg of palonosetron) signifi cantly improved 
the prevention of CINV compared to the use of palonosetron alone in patients 
receiving either HEC or MEC. The signifi cant improvement in the delayed period 
(24–120 h) and the overall period (0–120 h) post chemotherapy was maintained 
over multiple cycles of chemotherapy. Adverse events were few in number (≤3.5 %) 
and were mild to moderate in severity. No cardiac adverse events were noted [ 6 ]. 

 In an attempt to determine the degree of nausea control with the use of NEPA 
compared to palonosetron, patients from two randomized, multinational studies 
who received a single dose of NEPA (netupitant 300 mg plus palonosetron 0.50 mg) 
or palonosetron and dexamethasone prior to cisplatin or an anthracycline plus cyclo-
phosphamide were evaluated for no signifi cant nausea (<25 mm, 0–100 mm, visual 
analogue scale). The NEPA group had more patients with no signifi cant nausea and 
this was most apparent in the delayed nausea phase of the cisplatin patients [ 6 ]. 

 On October 10, 2014, NEPA (Akynzeo) was approved by the FDA to treat nau-
sea and vomiting in patients undergoing cancer chemotherapy [ 6 ].  

10.3.5     Rolapitant 

 Rolapitant is a high-affi nity, highly selective NK-1 receptor antagonist which pen-
etrates the central nervous system following oral administration. It is functionally a 
competitive antagonist which reverses NK-1 agonist-induced emesis and apomor-
phine- and cisplatin-induced emesis in animal models. It has a long half-life of 
approximately 180 h, a high affi nity ( K  i  = 0 · 66 nM) for the NK-1 receptor, and does 
not induce or inhibit CYP3A4 [ 7 ]. 
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 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. A phase II randomized, double-blind, active- 
controlled dose-fi nding study showed that a 180 mg dose of rolapitant plus granis-
etron and dexamethasone was safe and effective in the prevention of CINV in 
patients receiving HEC. CR was signifi cantly 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 signifi cantly 
improved CR compared to granisetron and dexamethasone alone in patients receiv-
ing MEC and HEC. There were no serious adverse events in the two clinical trials, 
and there were no differences in the number of adverse events in the rolapitant or 
control arms. No nausea and no signifi cant nausea, secondary endpoints, were sig-
nifi cantly ( p  < 0.05) improved in the delayed and overall periods with rolapitant in 
one (HEC-1) of the two (HEC-1, HEC-2) studies (Table  10.1 ) [ 7 ]. 

 On September 2, 2015, rolapitant (VARUBI) was approved by the FDA to treat 
nausea and vomiting in patients undergoing cancer chemotherapy.  

10.3.6     Dexamethasone 

 Dexamethasone has been an effective antiemetic in controlling both acute and delayed 
CINV, and it is essentially the main corticosteroid used as an antiemetic. Concern has 
been expressed, however, with the potential toxicity of the use of multiple- day dexa-
methasone to control CINV [ 38 ]. Patients receiving dexamethasone for prophylaxis 
for CINV reported moderate to severe problems with insomnia, hyperglycemia, indi-
gestion, epigastric discomfort, agitation, increased appetite, weight gain, and acne 
[ 38 ]. Dexamethasone might be decreased or eliminated in an antiemetic regime if 
other agents effective in both the acute and delayed periods are employed. 

 Dexamethasone added to a 5-HT 3  receptor antagonist improves the control of 
acute CINV [ 34 – 36 ] and it has been used as a single agent or in combination with 
other agents in an attempt to control delayed CINV [ 34 – 36 ]. The available studies 
show that with dexamethasone alone, or combined either with a 5-HT 3  receptor 
antagonist or metoclopramide in patients receiving cisplatin, the incidence of delayed 
CINV has been reduced but still remains a signifi cant problem [ 37 ]. As an antiemetic, 
metoclopramide acts as a dopamine antagonist and its action raises the threshold of 
activity in the chemoreceptor trigger zone and decreases the input from afferent vis-
ceral nerves. High doses of metoclopramide have been found to antagonize 5-hydroxy-
tryptamine (5-HT) receptors in the peripheral nervous system in animals. 

 Celio et al. [ 25 ] 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 (67.5 % versus 71.1) or no nausea (52.1 versus 56.5) 
over the 5-day overall period. A similar study [ 39 ] using palonosetron plus dexa-
methasone for 1 day versus 3 days for patients receiving MEC showed similar 
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results: no improvement in complete response (53.6 versus 53.7) or in no nausea 
(47.0 versus 49.7) over the 5-day overall period (Table  10.1 ).  

10.3.7     Olanzapine 

 Olanzapine is an FDA-approved antipsychotic that blocks multiple neurotransmit-
ters: dopamine at D1, D2, D3, and D4 brain receptors; serotonin at 5-HT 2a , 5-HT 2c , 
5-HT 3 , and 5-HT 6  receptors; catecholamines at alpha1 adrenergic receptors; ace-
tylcholine at muscarinic receptors; and histamine at H1 receptors [ 40 ,  41 ]. Common 
side effects are sedation and weight gain [ 42 ,  43 ], as well as an association with the 
onset of diabetes mellitus [ 44 ]. Signifi cant sedation has not been observed with the 
doses (≤10 mg/day for 3–5 days) administered for the prevention of CINV [ 8 – 10 ]. 
Weight gain and the onset of diabetes is observed only when olanzapine is given at 
higher doses (>10 mg/day) for longer time periods (daily for>3 months) [ 42 – 44 ]. 

 Olanzapine’s activity at multiple receptors, particularly at the D2, 5-HT 2c , and 
5-HT 3  receptors which appear to be involved in nausea and emesis, suggests that it 
may have signifi cant antiemetic properties. 

 A phase II trial demonstrated that olanzapine, when combined with a single dose 
of dexamethasone and a single dose of palonosetron, was very effective in control-
ling acute and delayed CINV in patients receiving both HEC and MEC [ 9 ]. There 
was excellent control of nausea in 32 patients receiving MEC (no nausea: overall 
period, 78 %) without the use of multiple days of dexamethasone. 

 A phase III study showed the addition of olanzapine to the 5-HT 3  receptor 
antagonist azasetron and dexamethasone improved delayed CINV in patients 
receiving HEC or MEC [ 10 ]. There was a signifi cant improvement in nausea in the 
olanzapine group compared to the control group for both patients receiving HEC 
(no nausea, overall period: 70 % versus 28 %) and MEC (no nausea, overall 
period: 86 % versus 56 %). 

 A phase III study randomized patients receiving HEC to olanzapine, palonose-
tron, and dexamethasone (OPD) or aprepitant, palonosetron, and dexamethasone 
(APD) for the prevention of CINV [ 27 ]. The completed response was similar, but no 
nausea was signifi cantly improved in the OPD group (no nausea, overall period: 
69 % versus 38 %). These results were consistent with the previous phase II and 
phase III studies using olanzapine and suggest that olanzapine is an effective and 
safe agent for the control of both emesis and nausea (Table  10.1 ).  

10.3.8     Gabapentin 

 Gabapentin is a gamma-aminobutyric acid analogue which has been used for the 
treatment of seizures, chronic neuropathic pain, and postherpetic neuralgia [ 45 ]. 
The mechanism of action exerted by gabapentin is unknown. Gabapentin is 
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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 [ 45 ]. 

 Guttuso et al. [ 46 ] reported an improvement in CINV in six of nine breast cancer 
patients when gabapentin was used to prevent nausea. Cruz et al. [ 28 ] added gaba-
pentin to ondansetron, dexamethasone, and ranitidine to prevent CINV in patients 
receiving HEC. The complete response was signifi cantly improved in the patients 
receiving gabapentin but nausea was not signifi cantly improved (no nausea, overall: 
62 % versus 45 %) (Table  10.1 ).  

10.3.9     Cannabinoids 

 Studies in animal models have suggested that delta-9-tetrahydrocannabinoid 
(dronabinol) selectively acts on CB1 receptors in specifi c regions of the dorsal vagal 
complex to inhibit emesis [ 47 ,  48 ]. There have been few reported studies that have 
explored this mechanism in patients [ 29 ,  49 ]. Meiri et al. [ 29 ] looked at the effi cacy 
of dronabinol versus ondansetron in patients receiving chemotherapy for a wide 
variety of neoplasms. Dronabinol and ondansetron were similarly effective anti-
emetic treatments in 61 patients receiving MEC and HEC. 

 Nabilone is a synthetic cannabinoid, a racemic mixture of isomers, which mim-
ics 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 benefi ts of the 5-HT 3  receptor antagonists [ 49 ]. 
Additional studies need to be performed to determine the role of this drug class in 
the prevention or treatment of CINV.  

10.3.10     Ginger 

 Ginger is a herbal supplement which has been used for reducing the severity of 
motion sickness, pregnancy-induced nausea, and postoperative nausea and vomit-
ing [ 50 ]. The mechanism of action by which ginger might exert antiemetic effects is 
unclear. Animal studies have described enhanced gastrointestinal transport, anti- 5- 
hydroxytryptamine activity, and possible CNS antiemetic effects .  Human experi-
ments to determine the mechanism of action show varying results regarding gastric 
motility and corpus motor response [ 50 ]. 

 Pillai et al. [ 51 ] 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. [ 52 ] reported that ginger provided no additional benefi t for reduction of 
the prevalence or severity of acute or delayed CINV when given with 5-HT 3  recep-
tor antagonists and/or aprepitant in 162 cancer patients receiving chemotherapy. 
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Ryan et al. [ 53 ] 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 fi rst day of chemotherapy. The available studies do not support 
ginger as an effective agent for the prevention of chemotherapy-induced nausea.   

10.4     Discussion 

 The current data in the literature of multiple large studies suggest that neither the 
fi rst- nor second-generation 5-HT 3  receptor antagonists have been effective in the 
control of nausea in patients receiving either MEC or HEC, despite the marked 
improvement in the control of emesis. Similarly, aprepitant, the fi rst NK-1 receptor 
antagonist to be used clinically for the prevention of CINV, is effective for the con-
trol of emesis but not nausea in patients receiving MEC or HEC. This is well docu-
mented in multiple large phase III clinical trials. 

 The new NK-1 receptor antagonists netupitant and rolapitant also do not appear 
to be effective antinausea agents based on phase III clinical trial data. Rolapitant 
may have some effect in patients receiving cisplatin HEC. These studies suggest 
that the serotonin (5HT 3 ) and the substance P (NK-1) receptors may not be the 
important receptors in the mediation of nausea, despite their important role in 
chemotherapy- induced emesis. 

 The recent phase II and phase III studies using olanzapine suggest that this may 
be an important agent in the control of chemotherapy-induced nausea. Olanzapine 
is known to affect a wide variety of receptors including dopamine D2, 5-HT 2C , his-
taminic, and muscarinic receptors. Any or all of these receptors may be the media-
tors of chemotherapy-induced nausea. 

 Preliminary small studies with gabapentin have demonstrated some effectiveness 
in the control of chemotherapy-induced emesis, but the control of nausea remains to 
be determined. More studies with the use of cannabinoids need to be performed 
before it is known whether this class of agents is clinically effi cacious in the control 
of CINV. The studies performed to date do not support the use of ginger as an effec-
tive agent in the prevention of CINV.  

10.5     Conclusion 

 It is apparent that the current commonly used antiemetics are not effective for the 
control of chemotherapy-induced nausea, despite their recent success in the control 
of emesis. New studies using novel agents and using nausea as the primary endpoint 
need to be performed. At this point, olanzapine appears to have high potential for 
the control both emesis and nausea in patients receiving MEC or HEC.     
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    Chapter 11   
 Conclusions                     

       Rudolph     M.     Navari     

        The fi rst-generation 5-HT 3  receptor antagonists (dolasetron, granisetron, ondanse-
tron, tropisetron, ramosetron, and azasetron) have signifi cant and similar effi cacy in 
the prevention of acute CINV for patients receiving moderately emetogenic chemo-
therapy (MEC) and highly emetogenic chemotherapy (HEC). These agents do not 
appear to have signifi cant effi cacy in the prevention of delayed CINV, and these 
agents compete primarily on an economic basis. 

 The second-generation 5-HT 3  receptor antagonist palonosetron improves the 
complete response rate of acute and delayed emesis in patients receiving MEC and 
HEC. The current data in the literature of multiple large studies suggest that neither 
the fi rst- nor the second-generation 5-HT 3  receptor antagonists have been effective 
in the control of nausea in patients receiving either MEC or HEC, despite the marked 
improvement in the control of emesis. 

 The NK 1  receptor antagonists aprepitant, netupitant, and rolapitant signifi cantly 
improve the control of acute and delayed CINV when added to a 5-HT 3  receptor 
antagonist and dexamethasone for patients receiving HEC and MEC. The NK 1  
receptor antagonists do not appear to be effective as antinausea agents. 

 Recently completed phase II and phase III clinical trials have demonstrated that 
the use of olanzapine in combination with a 5-HT 3  receptor antagonist and dexa-
methasone is safe and effective in the prevention of emesis and nausea in patients 
receiving MEC and HEC. 

 Olanzapine appears to be an important agent in the control of chemotherapy- 
induced nausea. Olanzapine is known to affect a wide variety of receptors, including 
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dopamine D2, 5-HT 2C , 5-HT 3 , and histaminic and muscarinic receptors. Any or all 
of these receptors may be the mediators of chemotherapy-induced nausea. 

 A recent randomized phase III clinical trial demonstrated that olanzapine also 
appears to be an effective agent in the treatment of chemotherapy-induced break-
through emesis and nausea. 

 Preliminary small studies with gabapentin have demonstrated some effectiveness 
in the control of chemotherapy-induced emesis, but the control of nausea remains to 
be determined. The studies on the use of cannabinoids and ginger do not support the 
use of these agents as effective in the prevention of CINV. 

 Clinicians and other healthcare professionals who are involved in administering 
chemotherapy should be aware that studies have strongly suggested that patients 
experience more acute and delayed CINV than is perceived by practitioners, and 
patients often do not receive adequate prophylaxis. A number of international orga-
nizations have published extensive guidelines on the use of prophylactic antiemetic 
regimens as well as directives on the management of patients with breakthrough, 
refractory, and anticipatory CINV. 

 Oncology practitioners are encouraged to use the evidence-based guidelines for 
the prevention of CINV. 

 Palonosetron, aprepitant, netupitant, rolapitant, and olanzapine have not been 
studied extensively in multi-day chemotherapy, bone marrow transplantation, or 
radiotherapy-induced nausea and vomiting. Future studies may address whether 
these agents would be effective in patients who experience nausea and vomiting 
during these clinical settings. Future studies may determine not only how these 
agents should be used and what combinations of new and older agents will be the 
most benefi cial for patients but may also provide new information on the mecha-
nism of CINV.   
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    Chapter 12   
 Future Directions                     

       Rudolph     M.     Navari     

      The various international clinical guidelines have consistently recommended the 
use of the combination of the antiemetic agents discussed in this text for the preven-
tion of CINV. It is anticipated that the 5-HT 3  receptor antagonists will continue to 
be used extensively in the preventative regimens due to their high effi cacy in the 
prevention of emesis. The choice of whether to use ondansetron, granisetron, or 
palonosetron will be dependent on the issues of cost and effi cacy. Palonosetron is 
the recommended agent of this class by the international guidelines based on effi -
cacy, but its cost may be an issue for some institutions compared to the generic 
availability of ondansetron and granisetron. At this time, there do not appear to be 
other 5-HT 3  receptor antagonists in development for commercial use. 

 Even though the mechanism of dexamethasone as an antiemetic is unknown, it 
appears to be very effective for the prevention of acute and delayed CINV. There 
have been no serious toxicities reported with 1–4-day uses in the various clinical 
trials. Some recent trials have suggested that 1 day of dexamethasone pre- 
chemotherapy may be equivalent in effi cacy to 3 days. Future trials may further 
explore this issue. 

 At present, there are no defi nitive clinical trials reporting a comparison of the 
effi cacy and safety of the various NK 1  receptor antagonists (aprepitant, fosaprepi-
tant, netupitant, rolapitant). One of the NEPA clinical trials involving patients 
receiving highly emetogenic chemotherapy (HEC) included a comparative arm con-
sisting of oral aprepitant plus intravenous ondansetron. All patients in all arms 
received standard doses of dexamethasone. Based on the data reported in this NEPA 
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clinical trial, there appeared to be no signifi cant differences in the prevention of 
CINV between NEPA and the aprepitant and ondansetron combination. A formal 
statistical comparison of the NEPA and aprepitant/ondansetron arms was not 
reported. 

 The NEPA clinical trials and the rolapitant clinical trials were designed to com-
pare each of the new NK 1  receptor antagonists plus a 5-HT 3  receptor antagonist and 
dexamethasone to a 5-HT 3  receptor antagonist and dexamethasone alone. The study 
design was similar to the clinical trial which led to the approval of the fi rst NK 1  
aprepitant in 2003. The studies were not designed to compare the new NK 1  receptor 
antagonists to aprepitant, the commercially available NK 1 , at the time of the studies. 
It is not known whether this was a decision made by the study sponsor(s) or by a 
regulatory agency. As a result, there is currently little or no clinical trial comparison 
of effi cacy information available for practicing oncologists and patients to base their 
choice of available NK 1 s. 

 The major clinical studies of the NK 1  receptor antagonists have been performed 
with oral agents, with fosaprepitant being the only commercially available intrave-
nous NK 1  agent. The clinical importance of the availability of an intravenous form 
of a specifi c NK 1  remains to be determined. In addition, it is important to note that 
netupitant is not available as a single agent; it is only commercially available in 
combination with palonosetron. 

 Based on the available clinical trial data, the NK 1  receptor antagonists have sig-
nifi cantly improved the prevention of acute and delayed emesis in patients receiving 
MEC or HEC. There is little evidence, however, that these agents are effective in 
controlling nausea. Recent reviews have concluded that aprepitant has little effect 
on the prevention of chemotherapy-induced nausea. In a subgroup analysis of 
patients receiving cisplatin or an anthracycline plus cyclophosphamide, data from 
two clinical trials demonstrated that NEPA may have improved no signifi cant nau-
sea (a secondary endpoint) compared to palonosetron. The rolapitant clinical trials 
showed no improvement in the control of nausea in the patients receiving MEC and 
improvement in the control of nausea in one of the two trials in patients receiving 
HEC. 

 At present, there do not appear to be data which differentiate the three NK 1  
receptor antagonists in terms of effi cacy and/or safety, and until comparative studies 
are performed, the three agents appear to be similar for the prevention of CINV. The 
determining factors in the choice of the NK 1  receptor antagonists will be cost and 
the preference for the use of either an oral or an intravenous agent. Fosaprepitant is 
the only intravenous agent available in 2015. It is unknown whether intravenous 
forms of netupitant will be available in the near future. In May 2015, the manufac-
turer of rolapitant announced the successful completion of a rolapitant bioequiva-
lence study. The results of the study indicated that the exposure for a 166.5 mg dose 
of intravenous rolapitant was similar to the exposure of a 180 mg dose of oral rolapi-
tant. It is anticipated that intravenous rolapitant will be available in 2016. 

 Other possible considerations for the choice of an NK 1  receptor antagonist by 
oncologists will be the choice of which 5-HT 3  receptor antagonist to use with the 
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NK 1  receptor antagonists. At present, netupitant is only available for use in combi-
nation with palonosetron. 

 Although there appear to be other NK 1  receptor antagonists in development, 
there do not appear to be any which are pending regulatory approval in the near 
future. 

 There have been a number of phase III clinical trials demonstrating the benefi t of 
olanzapine for the prevention of chemotherapy-induced nausea and emesis. The 
effi cacy of olanzapine for decreasing nausea is in contrast to the control of nausea 
in clinical trials of the NK 1  receptor antagonists. Nausea has not been signifi cantly 
improved by the use of fosaprepitant (aprepitant) in two phase III studies of patients 
receiving cisplatin and in two phase III studies of patients receiving an anthracy-
cline and cyclophosphamide chemotherapy regimen. The recent clinical trials used 
by the FDA for the approval of netupitant and rolapitant did not demonstrate effec-
tive control of nausea. Two reviews on the prevention of chemotherapy-induced 
nausea concluded that NK 1  receptor antagonists are not effective in controlling 
nausea. 

 The data from the currently reported clinical trials support NCCN guidelines 
which list the olanzapine, palonosetron, and dexamethasone regimen as an optional 
fi rst-line therapy for the prevention of CINV in patients receiving HEC. 

 There are economic benefi ts of olanzapine. Four days of generic oral olanzapine 
at 10 mg/day, the dose used in this study and previous prophylactic studies, is 
approximately $3.00 which is signifi cantly lower than the cost of 1 day of intrave-
nous fosaprepitant at 150 mg (approximate wholesale acquisition cost, $257.00). 

 Olanzapine appeared to be well tolerated in the various clinical trials. In the ran-
domized, double-blind clinical trial of patients receiving HEC, patients who received 
olanzapine had more drowsiness on day 2 compared to baseline, but this was 
resolved by day 3 despite continued oral olanzapine on days 3 and 4, suggesting that 
patients adapted to the olanzapine. Due to the temporary drowsiness seen in this 
trial and reports of temporary drowsiness in some patients, more detailed data on 
drowsiness ratings should be obtained in future trials. To conclude, there is defi ni-
tive clinical trial convincing evidence that olanzapine does decrease nausea and 
vomiting associated with chemotherapy. Future investigations may include explor-
ing the effi cacy of olanzapine as an oral agent for the treatment of chronic nausea, 
unrelated to chemotherapy, as well as for clinical situations such as multi-day che-
motherapy or high-dose chemotherapy and stem cell transplantation.   

12 Future Directions
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