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Abstract
Chemotherapy-induced nausea and vomiting (CINV) are still two of the most feared side effects of cancer therapy. Although 
major progress in the prophylaxis of CINV has been made during the past 40 years, nausea in particular remains a significant 
problem. Older patients have a lower risk of CINV than younger patients, but are at a higher risk of severe consequences of 
dehydration and electrolyte disturbances following emesis. Age-related organ deficiencies, comorbidities, polypharmacy, 
risk of drug–drug interactions, and lack of compliance all need to be addressed in the older patient with cancer at risk of 
CINV. Guidelines provide evidence-based recommendations for the prophylaxis of CINV, but none of these guidelines offer 
specific recommendations for older patients with cancer. This means that the recommendations may lead to overtreatment in 
some older patients. This review describes the development of antiemetic prophylaxis of CINV focusing on older patients, 
summarizes recommendations from antiemetic guidelines, describes deficiencies in our knowledge of older patients, sum-
marizes necessary precautions, and suggests some future perspectives for antiemetic research in older patients.

Key Points 

Older patients have a lower risk for chemotherapy-
induced nausea and vomiting (CINV) than younger ones.

Evidence-based CINV guidelines do not include specific 
recommendations for older patients with cancer.

This review summarizes the evidence for prophylaxis of 
CINV focusing on older patients with cancer.

1  Introduction

Approximately 19.3 million new cancer cases were diag-
nosed worldwide in 2020. This number is expected to 
increase to 28.4 million cases in 2040 [1]. Cancer is pri-
marily a disease in older people and the number of individu-
als aged ≥ 70 years diagnosed with cancer worldwide was 
approximately 7.2 million (37% of all cases) in 2020 and 
is expected to increase to 13.6 million new cancer cases in 
2040, representing 48% of all new cases in 2040 [2]. This 
will have substantial economic and social impact. The fact 
that patients live longer after a cancer diagnosis will add to 
this burden [3].

Older patients present clinicians with challenges requir-
ing knowledge and skills related to the complexities of 
managing multiple conditions concurrently. Issues like age-
related organ deficiencies, comorbidity, polypharmacy, and 
frailty have the potential to influence decisions on anti-can-
cer treatment and supportive care [4]. It is therefore of great 
importance that oncologists are skilled in treating cancer and 
treatment-related complications in the elderly.

Chemotherapy-induced nausea and vomiting (CINV) are 
still two of the most feared side effects of cancer therapy, but 
significant progress in prophylaxis and treatment has been 
made over the past 40 years [5]. Older patients seem to have 
a lower risk of CINV than younger patients [6], but on the 
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other hand they are at a higher risk of severe consequences 
(e.g., dehydration, electrolyte disturbances) associated with 
CINV. In this review, we will discuss the specific circum-
stances of CINV focusing older patients with cancer.

2 � Risk Factors for Chemotherapy‑Induced 
Nausea and Vomiting (CINV)

2.1 � Chemotherapy‑Related Risk Factors

The emetic potential of antineoplastic drugs is defined by 
the Multinational Association of Supportive Care in Can-
cer as high (> 90%), moderate (30–90%), low (10–30%), 
and minimal (< 10%) risk of emesis within the first 24 h 
after initiating chemotherapy. Except for the combination 
of an anthracycline and cyclophosphamide (AC), classified 
as high risk, the risk classification concerns only single anti-
neoplastic drugs [7]. Patients are today exposed to a range 
of antineoplastic drugs across the emetic risk categories 
such as classical cytostatics, targeted agents, and immune 
therapy. Fortunately, targeted agents and immune therapy are 
most often classified as minimal emetic risk or low emetic 
risk agents. An exception to this is the poly (ADP ribose) 
polymerase (PARP) inhibitors, which often cause nausea 
and sometimes vomiting in the first months after start of 
treatment. Doses of chemotherapy are often reduced in the 
elderly [8], but except for a few drugs, guidelines do not dis-
tinguish between chemotherapy doses when defining emetic 
risk potentials.

2.2 � Patient‑Related Risk Factors

Several patient-related factors affect the risk of CINV.

2.2.1 � Age

A number of studies show that older patients have a lower 
risk of CINV than younger patients. This is reported both 
when age is set at a threshold (e.g., 60 years) [9] or as a con-
tinuous variable [10]. However, the impact of chemotherapy-
related side effects such as vomiting is greater in the elderly.

2.2.2 � Gender

In randomized trials, women persistently have a higher risk 
of CINV than men [11, 12]. The reason for this is unknown.

2.2.3 � Previous CINV

Patients who have experienced nausea and/or vomiting dur-
ing previous courses of chemotherapy are at an increased 
risk of CINV in subsequent cycles [6, 12]. In addition, a 

history of CINV with previous chemotherapy has been 
shown to increase the risk of CINV with current chemo-
therapy [13].

2.2.4 � Other Patient‑Related Risk Factors

Low alcohol intake, anxiety, anticipation of CINV, emesis in 
pregnancy, and motion sickness are all additional individual 
risk factors for CINV [12, 14, 15].

2.3 � Anti‑emetic Prophylaxis

Adherence to guidelines has been shown to increase the 
control of CINV in patients receiving chemotherapy with 
high or moderate emetic risk [16]. Optimal prophylaxis with 
antiemetics reduces the risk of acute emesis with cisplatin 
from almost 100% to 10–20%.

3 � Considerations When Prescribing 
Chemotherapy and Anti‑emetics for Older 
Cancer Patients

3.1 � Physiology of the Elderly

There is no universal definition of old age, but geriatric 
oncology is commonly defined as cancer in individuals aged 
70 years or older [17]. Chronological age is, however, less 
important than biological age, because older people differ 
significantly in terms of physiological and psychological 
age-related ability. Individual assessment of suitability for 
cancer treatment and supportive care is therefore manda-
tory, rather than assessment based on chronological age 
alone [18].

Several age-related impairments should be considered 
in older patients with cancer. A change in drug absorption 
with ageing can be due to decreased esophageal, gastric, and 
colonic motility and/or to degeneration of villi in the small 
intestine [19].

Drug metabolism may be decreased by reductions in liver 
volume or cytochrome P450 enzymes, leading to increased 
bioavailability of some drugs. Reduced liver function may 
result in less protein binding of drugs, increasing the frac-
tion of active drug. For example, the dose-adjusted exposure 
of the antiemetic olanzapine increases with age after oral 
administration, resulting in increased serum levels of olan-
zapine in older compared with younger adults [20]. This may 
explain the higher risk of sedation in older patients receiving 
olanzapine [5].

The glomerular filtration rate (GFR) normally declines 
from the fourth decade by around 1% per year [21, 22]. This 
has implications for dosing and drug toxicity. While GFR 
can be easily estimated based on serum creatinine in younger 
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patients, these estimations are often inaccurate in the elderly 
[23], meaning that the gold standard in older patients with 
cancer should be direct measurement of exogenous filtration 
markers such as 51Cr-EDTA.

Aging results in a decline in diastolic function and cardiac 
reserve due to left ventricular wall thickening as well as an 
increased prevalence of atrial fibrillation [24]. Examples of 
age-related heart disorders to consider are heart failure and 
arrhythmias, which may impact decisions regarding antican-
cer therapy and supportive care medications. In particular, 
QTC prolongation should be considered because this is a 
class adverse effect of the antiemetic group of 5-HT3-recep-
tor antagonists [25].

Bone marrow and bone density changes occur frequently 
in the elderly. The most apparent change in bone marrow 
function is decreased cellularity, estimated to be only 30% 
in those aged ≥ 65 years as compared with younger people 
[26]. This likely contributes to the increased risk of chem-
otherapy-induced neutropenia [27] and thrombocytopenia 
observed in older patients with cancer.

Age-related cognitive impairment can be aggravated by 
cancer and antineoplastic therapy [28]. Difficulties with 
short-term memory can result in non-adherence to oral 
drug therapy [29]. Consequently, simple antineoplastic and 
antiemetic treatment regimens may be preferred in order to 
optimize compliance.

3.2 � Comorbidity

Comorbidity in cancer patients is defined as the occurrence 
or the existence of any distinct additional medical condi-
tion to cancer [30]. Two in three older adults (aged 65 years 
or more) have at least one comorbidity and the number of 
comorbidities increases with age. Approximately 40% and 
13% of older adults have three or more and five or more 
comorbidities, respectively [30]. It is known that older 
patients with cancer have a higher prevalence of comorbid-
ity than an age-matched control group without cancer [31]. 
Also, the number and type of comorbidities differ with the 
type of cancer [31]. The difference in prevalence accord-
ing to cancer diagnoses is likely explained by overlapping 
risk factors associated with both comorbidity and cancer; for 
example, smoking is a risk factor for both chronic obstruc-
tive pulmonary disease and lung cancer. Some of the most 
common comorbidities in patients with cancer are hyper-
tension, cardiovascular disease, musculoskeletal or joint 
disease, diabetes mellitus, and pulmonary disease [32]. Dif-
ferent scales have been developed and validated to measure 
comorbidity burden, such as Charlson’s Comorbidity Index 
(CCI) [33] and the Cumulative Rating Scale for Geriatrics 
[34]. When assessing cancer patients with comorbidity it 
is important to address how the comorbidity might affect 
prognosis, the impact of comorbidity on anticancer and 

supportive care therapy, and the potential effects of anti-
cancer and supportive care therapy on comorbid diseases.

3.3 � Polypharmacy

There is no consensus on the definition of polypharmacy, but 
the most frequently used define polypharmacy as the use of 
five or more medications [35]. Due to increased prevalence 
of multi-morbidity, physiological changes, and functional 
limitations, older patients with cancer have a high risk for 
polypharmacy, adverse drug reactions, and potentially inap-
propriate medications [36, 37]. In a study of patients newly 
diagnosed with cancer and aged 70 + years, 35% used five 
or more prescription medications daily [38]. The addition of 
non-prescription medication, antineoplastic agents, and sup-
portive care agents (like antiemetics) will increase this num-
ber significantly. Polypharmacy results in high risk of poten-
tial drug–drug interactions that may have major implications 
for older patients with cancer, such as an increased risk of 
unplanned hospitalization [39]; consequently, antiemetics 
with a low risk of drug–drug interactions should be preferred 
in older patients with cancer.

3.3.1 � Antiemetics

Until the 1960s, treatment of CINV was carried out on an 
empirical basis. CINV studies in the years 1960–1980 pri-
marily included dopamine2-receptor antagonists or cannabi-
noids, but study methodology did not meet the requirements 
of today and only the first 24 h after initiation of chemo-
therapy were studied.

During the next 15 years (1980–1995), the primary focus 
was on studies with corticosteroids and serotonin (5-HT)3-
receptor antagonists. In particular, methodology of the 
5-HT3-receptor antagonist studies was improved and the 
study period often prolonged to include the first 5 days after 
chemotherapy.

The studies from 1995 to today have concentrated on the 
development of neurokinin (NK)1-receptor antagonists and 
lately on the multi-receptor targeting agent, olanzapine.

3.4 � Dopamine (D)2,3‑Receptor Antagonists

Dopamine was described as a brain neurotransmitter in 
1957 [40]. Dopamine receptors are divided into five groups 
(D1–D5 receptors), but only D2 and D3 receptors seem to 
be involved in the emesis pathway [41, 42]. Numerous 
D2-receptor antagonists have been studied, such as pheno-
thiazines (metopimazine and prochlorperazine), butyroph-
enone (haloperidol), the substituted benzamide (metoclo-
pramide), and the benzimidazole derivative (domperidone). 
The D2-receptor antagonists are not included in the fixed 
antiemetic regimens of the evidence-based guidelines of 
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today [5], but are only recommended as rescue antiemetics. 
Recently, the D3-receptor antagonist, amisulpride, has been 
investigated in CINV [43].

3.4.1 � Metopimazine

Metopimazine was investigated by Moertel and Reitemeier 
in two randomized, double-blind studies. In the first study, 
metopimazine 5 mg × 3 orally was equal to metoclopramide 
20 mg × 3 orally, but none of the drugs were superior to 
placebo [44]. In the second study, metopimazine (15 mg × 3 
orally) was equal to prochlorperazine but with less sedation, 
and both were superior to placebo [45]. Based on these stud-
ies, it was suggested to investigate metopimazine in higher 
doses. In two subsequent studies, it was then demonstrated 
that metopimazine in doses of 30 mg × 4 orally increases the 
antiemetic effect of the 5-HT3-receptor antagonist, ondan-
setron, in CINV [46, 47]. In contrast to the majority of the 
other D2-receptor antagonists, metopimazine does not induce 
extrapyramidal adverse effects because of its low penetra-
tion of the blood–brain barrier [48]. Metopimazine delays 
gastric emptying, and constipation is therefore an adverse 
event in 10–20% of patients. Unfortunately, metopimazine is 
not globally available and therefore of only limited research 
interest.

3.4.2 � Prochlorperazine

Prochlorperazine is superior to placebo against CINV 
induced by chemotherapy of low and moderate emetic risk 
[44] and inferior [49] or equal to metoclopramide [50]. A 
number of studies have compared prochlorperazine to a 
cannabinoid, but primarily in patients who were refractory 
to prochlorperazine in previous courses of chemotherapy, 
meaning that no conclusions can be drawn [51]. A recent 
study has demonstrated activity of prochlorperazine in com-
bination with dexamethasone against delayed CINV [52].

3.4.3 � Metoclopramide

Metoclopramide is the D2-receptor antagonist that is best 
studied. It is a substituted benzamide derived from procaina-
mide (methoxychloroprocainamide) and was first described 
by Justin-Besancon in 1964 [53]. Metoclopramide was effec-
tive against nausea and vomiting induced by a number of 
non-malignant conditions [54]. In low doses (20 mg × 2–3, 
orally), metoclopramide was no better than placebo [44] 
and inferior to dexamethasone and domperidone [55]. The 
interest in investigating metoclopramide further was there-
fore modest until Gralla and coworkers [56] demonstrated 
the significant effect of high-dose metoclopramide (2 mg/
kg intravenously [IV] × 5) against cisplatin-induced nausea 
and vomiting. Subsequent studies optimized the high-dose 

metoclopramide regimen, by comparing the 2 mg/kg IV 
× 5 regimen with a continuous infusion [57] or with two 
IV bolus infusions only [58, 59]. Acute dystonic reactions 
induced by high-dose metoclopramide were a significant 
problem, but the addition of diphenhydramine or loraz-
epam resulted in a significant reduction in the incidence of 
extrapyramidal adverse effects [58]. A modified high-dose 
metoclopramide regimen (3 mg/kg IV × 2 or 4 mg/kg IV × 
1) combined with dexamethasone and lorazepam or diphen-
hydramine (to decrease the incidence of extrapyramidal 
adverse effects) became the standard antiemetic regimen 
in cisplatin-based chemotherapy [58] until the early 1990s. 
Metoclopramide has a prokinetic effect on the GI tract, and 
diarrhea is therefore a frequent adverse effect. It was soon 
verified that the antiemetic effect of high-dose metoclopra-
mide was not caused by antagonism at D2-receptors, but was 
caused by antagonism at 5-HT3-receptors [60–63]. This led 
to the development of a new class of antiemetic agents, the 
serotonin-receptor antagonists.

3.4.4 � Domperidone

Domperidone was investigated in high doses in a num-
ber of studies in the 1980s in order to explore a possible 
dose–effect relationship like the one seen with metoclopra-
mide. Unfortunately, high doses of domperidone induced 
cardiac adverse effects (cardiac arrest and sudden death) in 
a number of patients [64–67]. Consequently, the parenteral 
formulation was withdrawn from general use. In low IV 
doses or oral doses of 20 mg × 3, domperidone was superior 
to placebo [68], inferior [69] or superior [55] to metoclo-
pramide, and inferior [69] or equal to dexamethasone [55]. 
Like metoclopramide, domperidone has a prokinetic effect 
on the GI tract and diarrhea is a frequent adverse effect. 
Extrapyramidal adverse effects are rarely seen, because the 
penetration of the blood–brain barrier is limited [48].

3.5 � Corticosteroids

The first randomized double-blind study was published in 
1979 and concluded that dexamethasone was superior to 
placebo in patients receiving non-cisplatin chemotherapy 
[70]. Subsequent studies supported the finding that single-
agent corticosteroids possess an antiemetic effect in patients 
receiving chemotherapy with low and moderate emetic risk 
[55, 71]. When prescribed to patients receiving chemo-
therapy with moderate or high emetic risk, corticosteroids 
improve the effect of other antiemetics such as the 5-HT3-
receptor antagonists [72, 73]. Dexamethasone is the best 
investigated agent, but there is no reason to believe that 
there are major differences between dexamethasone and 
prednisolone. Recently, a number of studies have compared 
a 1-day regimen of dexamethasone with a 3-day regimen 
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(‘steroid-sparing regimens’). In patients receiving carbo-
platin-based or AC-based chemotherapy and a three-drug 
combination as antiemetic prophylaxis (a 5-HT3-receptor 
antagonist, a NK1-receptor antagonist, and dexamethasone), 
no major differences were observed between the 1-day and 
3-day regimens of dexamethasone. This is also acknowl-
edged in the recently published guidelines (see Sects. 5.3 
and 5.4).

3.6 � Serotonin (5‑HT)3‑Receptor Antagonists

Serotonin (5-HT) was discovered in 1948. 5-HT receptors 
are divided into seven groups (5-HT1–5-HT7) with 5-HT3 
receptors as the most important in the emesis pathway. The 
5-HT3-receptor antagonists are the most effective antiemet-
ics in the prophylaxis of acute nausea and vomiting (0–24 h 
after initiation of chemotherapy), whereas the effect against 
delayed nausea and vomiting (24–120 h after initiation of 
chemotherapy) is modest. There are only minor differences 
between the 5-HT3-receptor antagonists as concerns effect 
and tolerability. A large number of 5-HT3-receptor antag-
onists have been marketed, but only the most frequently 
used (ondansetron, granisetron, and palonosetron) will be 
addressed. The first two clinical studies were published in 
1987 [74, 75]. The most important studies are summarized 
in Tables 1, 2 and 3.

3.6.1 � Ondansetron

Ondansetron was initially compared with single antiemetic 
agents and found to be superior to placebo in the prophylaxis 
of CINV induced by high-risk [76] and moderate emetic 
risk [77] chemotherapy and to high-dose metoclopramide 
in prophylaxis of CINV induced by chemotherapy with high 
emetic risk [78]. In patients receiving chemotherapy with 
moderate emetic risk, ondansetron was either superior [79, 
80] or equal to [81] metoclopramide in the prophylaxis of 
acute nausea and vomiting, but without any significant dif-
ference in the delayed phase. A study compared ondansetron 
with dexamethasone in patients treated with moderate emetic 
risk chemotherapy and concluded that both antiemetics were 
equal in prevention of acute nausea and vomiting, whereas 
dexamethasone was superior in prophylaxis of delayed nau-
sea [82]. As previously mentioned, dexamethasone improves 
the effect of ondansetron [72].

3.6.2 � Granisetron

In contrast to the development of ondansetron, granise-
tron was initially compared with antiemetic combina-
tion regimens. In patients receiving moderate emetic risk 
chemotherapy, granisetron was superior to a combination 
of prochlorperazine and dexamethasone in the prophylaxis 

of acute emesis [83], and granisetron was as effective as a 
combination of high-dose metoclopramide, dexamethasone, 
and diphenhydramine in patients receiving cisplatin-based 
chemotherapy with high emetic risk [84]. As for the other 
5-HT3-receptor antagonists, the effect is improved by the 
addition of dexamethasone [73]. Two large randomized, 
double-blind studies compared oral granisetron with intra-
venous ondansetron [85, 86] and found no differences in effi-
cacy and tolerability. In a subsequent randomized, double-
blind study, extended-release granisetron was noninferior to 
palonosetron [87].

3.6.3 � Palonosetron

Palonosetron was marketed in 2003 (more than 10 years after 
ondansetron and granisetron), and the phase III pivotal tri-
als consequently used a noninferiority design and compared 
palonosetron with two of the older 5-HT3-receptor antago-
nists. Two randomized, double-blind studies in patients 
receiving single-agent chemotherapy with moderate emetic 
risk or AC or low-dose cisplatin (< 50 mg/m2) compared 
palonosetron with ondansetron [88] and dolasetron [89], 
respectively. Palonosetron was statistical significantly supe-
rior to ondansetron [88] and noninferior to dolasetron [89] in 
terms of patients with a complete response (CR) in the acute 
phase (no emesis and no need for other antiemetics 0–24 h 
after initiation of chemotherapy). In a third study, palonose-
tron was noninferior to ondansetron in prevention of acute 
nausea and vomiting in patients receiving cisplatin-based, 
high-emetic-risk chemotherapy [90]. In contrast to the two 
previously mentioned studies [88, 89], 67% of patients in 
both study arms received dexamethasone. In a large, rand-
omized, double-blind, phase III post-marketing trial, palono-
setron plus dexamethasone was compared with granisetron 
plus dexamethasone in patients receiving high-emetic-risk 
chemotherapy [91]. Palonosetron plus dexamethasone was 
noninferior to granisetron plus dexamethasone in the acute 
phase, but superior in the delayed phase.

3.6.4 � Adverse Effects and Potential Drug–Drug Interaction 
Risks

The 5-HT3-receptor antagonists are generally well toler-
ated, with constipation, headache, slight reversible increase 
in liver transaminases, and QTC prolongation as drug class 
adverse effects. The 32-mg dose of ondansetron and the 
intravenous formulation of dolasetron were both withdrawn 
from the market due to FDA warnings (QTC prolongations). 
Palonosetron seems to have a low risk and did not cause QTc 
prolongation when investigated in 221 healthy volunteers, 
but the mean age of the volunteers was 41 years, which is 
approximately 25 years younger than the average cancer 
patient [92]. A few reports of palonosetron QTc prolongation 
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[93] and ventricular tachycardia [94] have been published. 
The risk of 5-HT3-receptor antagonist-induced QTc prolon-
gation is enhanced in older cancer patients, in particular if 
patients receive other agents with potential QTc prolonga-
tion risk.

The 5-HT3-receptor antagonists are metabolized through 
different pathways. Granisetron is metabolized through 
the CYP450 3A4 enzyme pathway, whereas ondansetron 
and palonosetron are primarily metabolized through the 
CYP 2D6 pathway. The CYP 2D6 pathway is subject to 
genetic polymorphisms, meaning that patients can have zero 
(poor metabolizers), one (normal), two (extensive metabo-
lizers), or three (ultrarapid metabolizers) active CYP2D6 
genes. From an antiemetic point of view, the ultrarapid 
metabolizers are the most interesting group, because lack 
of antiemetic effect has been described with tropisetron and 
ondansetron in these patients [95]. In this case, rotation to 
granisetron can be useful.

3.7 � Neurokinin (NK)1‑Receptor Antagonists

Substance P (neurokinin) was discovered in 1931, but was 
not sequenced and purified until 1970. Three neurokinin 
(NK) receptors were identified in the mid-1980s, of which 
the NK1 receptor is involved in the emetic reflex arch. The 
NK1-receptor antagonists have antiemetic effect in the pre-
vention of both acute and delayed nausea and vomiting. A 

large number of NK1-receptor antagonists have been inves-
tigated, but only the three marketed oral agents, aprepitant, 
netupitant, and rolapitant, and their intravenous formulations 
will be reviewed. The first clinical study with one of these 
agents was published in 1997 [96]. The pivotal and other 
important studies are summarized in Tables 4, 5 and 6.

3.7.1 � Aprepitant and Fosaprepitant

Aprepitant and the prodrug fosaprepitant were investigated 
in five randomized, double-blind, phase II trials using a 
5-day aprepitant regimen [97–101]. Aprepitant was inferior 
to the 5-HT3-receptor antagonists, ondansetron and grani-
setron, against acute nausea and vomiting, but active in the 
prevention of delayed nausea and vomiting. In combination 
with either ondansetron plus dexamethasone or granisetron 
plus dexamethasone, aprepitant increased the antiemetic 
effect compared with placebo [101]. The phase II studies 
revealed a drug–drug interaction between aprepitant and 
dexamethasone (both metabolized through CYP3A4), result-
ing in an approximately 50% increase in plasma concentra-
tions of dexamethasone [101]. Consequently, the phase III 
studies used a 3-day aprepitant regimen in lower dosages 
than used in phase II and the dosage of dexamethasone was 
reduced to 50–60% when combined with aprepitant. Two 
phase III studies in cisplatin-based chemotherapy com-
pared ondansetron on day 1 plus dexamethasone on days 

Table 2   Key trials in the development of the serotonin (5-HT)3-receptor antagonist granisetron

A anthracycline, C cyclophosphamide, CIS cisplatin, DB double-blind, DEX dexamethasone, DPH diphenhydramine, EE emetic episodes, GRA​ 
granisetron, HEC highly emetogenic chemotherapy, IV intravenously, MCP metoclopramide, MEC moderately emetogenic chemotherapy, OND 
ondansetron, P parallel, PAL palonosetron, PCP prochlorperazine, PLA placebo, PO orally, R randomized

References Design Investigational arm Comparator Chemotherapy Primary parameter Result

Warr et al. [83] R, DB, P
n = 152

GRA 80 μg/kg IV PCP 10 mg IV + 
DEX 10 mg IV

Dactinomycin, CIS, 
AC, or MEC

Severity of nausea 
and number of EE 
0–24 h

GRA > PCP + DEX

Warr et al. [84] R, DB, P
n = 149

GRA 80 μg/kg IV DEX 10 mg IV + 
DPH 10 mg IV 
+ MCP 2 mg/kg 
IV every 2 h for 5 
doses

CIS Severity of nausea 
and number of 
patients with no 
EE 0–24 h

GRA = DEX + MCP 
+ DPH

Perez et al. [85] R, DB, P
n = 1085

GRA 2 mg PO ± 
DEX

OND 32 mg IV ± 
DEX

Primarily carbopl-
atin or C

Total control (no 
EE, no nausea, no 
rescue medica-
tions) 0–24 h and 
25–48 h

GRA = OND

Gralla et al. [86] R, DB, P
n = 1054

GRA 2 mg PO ± 
DEX

OND 32 mg IV ± 
DEX

CIS Total control (no 
EE, no nausea, no 
rescue medica-
tions) 0–24 h

GRA = OND

Raftopoulos et al. 
[87]

R, DB, P
n = 1395

Sustained-release 
GRA 250 µg or 
500 µg subcutane-
ously

PAL 0.25 mg IV HEC/MEC Complete response 
(no EE, no rescue 
medications) 
0–24 h

Both doses of GRA 
noninferior to PAL
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1–4 plus placebo on days 1–3 with ondansetron on day 1 
plus dexamethasone on days 1–4 plus aprepitant on days 1–3 
[102, 103], and a third study used the same methodology 
and comparison but added ondansetron on days 2–4 in the 
placebo arm [104]. All studies were randomized, double-
blinded, and concluded that aprepitant increased the CR rate 
(no emesis and no need for rescue antiemetics) both in the 
acute and delayed phases of CINV. Two studies in patients 
receiving AC-based chemotherapy [105] or AC or chemo-
therapy with moderate emetic risk [106], respectively, com-
pared ondansetron on day 1 plus dexamethasone on days 1–3 
plus placebo on days 1–3 with ondansetron on day 1 plus 
dexamethasone on days 1–3 plus aprepitant on days 1–3. 
Both concluded that aprepitant was significantly superior 
to placebo as concerns CR on days 1–5 after chemotherapy. 
The first of these studies [105] included a multiple cycle 
extension part and demonstrated that the effect of aprepitant 
was maintained over four cycles of AC chemotherapy [107]. 
Finally, a large, randomized, double-blind study (n = 2.322) 
found that a single dose of fosaprepitant IV was noninferior 
to the standard 3-day regimen of oral aprepitant [108].

3.7.2 � Netupitant and Fosnetupitant

Netupitant was investigated and developed in combina-
tion with palonosetron (NEPA) given as a single oral dose 
administered before chemotherapy. Three pivotal studies 
were conducted [109, 110, 112]. A dose ranging study in 
patients receiving cisplatin-based chemotherapy concluded 
that a single oral dose of NEPA plus dexamethasone on days 
1–4 was superior to a single oral dose of palonosetron plus 
dexamethasone on days 1–4 and recommended the 300-mg 
netupitant dose for use in phase III trials [109].

A large, randomized, double-blind study (n = 1449) 
compared the antiemetic effect of NEPA + dexamethasone 
(12 mg) on day 1 with palonosetron plus dexamethasone 
(20 mg) on day 1 in patients receiving either AC chemo-
therapy or epirubicin + cyclophosphamide (EC). NEPA was 
superior to palonosetron in terms of CR in the delayed phase 
(primary parameter), but also in the acute and overall phase 
and as concerns no emesis and no significant nausea [110]. 
This study also included a multiple cycle extension in which 
1286 of the 1449 patients participated. The antiemetic effect 
of NEPA was superior to palonosetron during all four cycles 
and no safety concerns were raised [111].

A phase III, randomized, double-blind study (n = 412) 
investigated a single dose of NEPA + dexamethasone 
(on day 1 in moderate-emetic-risk and days 1–4 in high-
emetic-risk patients) during multiple cycles of chemo-
therapy [112]. The comparator arm included aprepitant 
on days 1–3 plus palonosetron on day 1 and dexametha-
sone as in the NEPA arm. The primary parameter was 
safety during multiple cycles. Patients received either Ta
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a high-emetic-risk agent (e.g., cisplatin) or one of sev-
eral moderate-emetic-risk agents (e.g., doxorubicin or 
cyclophosphamide, but not the combination). Seventy-
five percent of the patients completed at least four cycles 
of chemotherapy and the incidence and type of adverse 
effects were comparable for both groups with no indica-
tion of increasing adverse events over multiple cycles.

A single infusion of fosnetupitant (IV NEPA) was com-
pared with a single oral dose of NEPA (both combined 
with dexamethasone) in two randomized, double-blind 
trials including patients receiving a single high-emetic-
risk agent [113] or AC chemotherapy [114], respectively. 
IV NEPA was as effective as oral NEPA and no treatment-
related injection-site adverse effects or episodes of hyper-
sensitivity or anaphylaxis were reported.

3.7.3 � Rolapitant

Rolapitant was primarily investigated in a phase II dose-
finding study [115] and in three randomized, double-blind, 
phase III trials, two in patients treated with cisplatin-based 
chemotherapy [116] and one in patients receiving AC/EC 
chemotherapy or different agents with moderate emetic risk 
[117].

The randomized, double-blind, dose-finding, phase II 
study included 454 patients all receiving cisplatin-based 
chemotherapy and ondansetron plus dexamethasone as 
antiemetic prophylaxis. Patients were randomized to one of 
four doses of rolapitant (9–180 mg) or to placebo. The great-
est benefit was observed with the 180-mg dose of rolapi-
tant, which consequently became the dose used in phase III 

Table 5   Key trials in the development of the neurokinin (NK)1-receptor antagonist netupitant

A anthracycline, APR aprepitant, C cyclophosphamide, CIS cisplatin, DB double-blind, DEX dexamethasone, EE emetic episodes, HEC highly 
emetogenic chemotherapy, IV intravenously, MEC moderately emetogenic chemotherapy, NEPA NET + PAL, NET netupitant, P parallel, PAL 
palonosetron, PO orally, R randomized

References Design Investigational arm Comparator Chemotherapy Primary parameter Result

Hesketh et al. [109] R, DB, P
n = 677

a) NET 100 mg PO 
on day 1

b) NET 200 mg PO 
on day 1

c) NET 300 mg PO 
on day 1

d) APR 125 mg PO + 
OND 32 mg IV + 
DEX 12 mg PO on 
day 1 + APR 80 mg 
PO + DEX 4 mg × 
2 PO on days 2–3 + 
DEX 4 mg × 2 PO 
on day 4

a-c: PAL 0.5 mg PO 
+ DEX 12 mg PO 
on day 1 + DEX 
4 mg × 2 PO on 
days 2–4

PAL 0.5 mg PO + 
DEX 20 mg PO on 
day 1 + DEX 8 mg 
× 2 PO on days 2–4

CIS Complete response 
(no EE, no rescue 
medication) 
0–120 h

NET + PAL + DEX > 
PAL + DEX + PLA 
in all doses

NET 300 mg chosen 
for phase III studies

Aapro et al. [110] R, DB, P
n = 1449

NEPA (NET 300 mg 
+ PAL 0.5 mg) PO 
+ DEX 12 mg PO

PAL 0.5 mg + DEX 
20 mg PO

AC Complete response 
(no EE, no rescue 
medication) 
24–120 h

NEPA + DEX > PAL 
+ DEX

Gralla et al. [112] R, DB, P
n = 412

NEPA (NET 300 mg 
+ PAL 0.5 mg) PO 
on day 1 +

HEC: DEX 12 mg 
PO on day 1 + 
DEX 8 mg PO on 
days 2–4

MEC: DEX 12 mg 
PO on day 1

APR 125 mg PO + 
PAL 0.5 mg PO on 
day 1 + APR 80 mg 
PO on days 2–3 +

HEC: DEX 12 mg 
PO on day 1 + 
DEX 8 mg PO on 
days 2–4

MEC: DEX 12 mg 
PO on day 1

HEC or MEC Safety over multiple 
cycles

NEPA + DEX = APR 
+ PAL + DEX, no 
increase in adverse 
events over multiple 
cycles
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trials [115]. Rolapitant was investigated in two (HEC-1 and 
HEC-2) phase III studies (identical except for the location of 
the participating sites) in patients receiving cisplatin-based 
(≥60 mg/m2) chemotherapy. All patients received granise-
tron IV (10 µg/kg) and dexamethasone 20 mg orally before 
chemotherapy plus dexamethasone 8 mg × 2 orally on days 
2–4 and were randomized to receive placebo or rolapitant 
180 mg on day 1 in addition (n = 526 in HEC-1 and 544 
in HEC-2). The primary endpoint was CR (defined as no 
emesis and no rescue antiemetics) in the delayed phase 
(24–120 h after chemotherapy). Significantly more patients 
in the rolapitant group had CR as compared with the pla-
cebo-treated patients in HEC-1, HEC-2, and in the combined 
analysis of both studies with no significant differences in 
adverse effects [116].

In a third study, 1332 patients either received AC/EC 
chemotherapy or different agents with moderate emetic risk 
such as cyclophosphamide, an anthracycline, irinotecan, 
oxaliplatin, or carboplatin. All patients received granisetron 
2 mg orally and dexamethasone 20 mg orally before chemo-
therapy and continued with granisetron 2 mg orally × 1 on 
days 2–3 and were randomized to rolapitant or placebo × 1 
on day 1. A significantly higher proportion of patients in the 
rolapitant group as compared with the placebo group had 
CR in the delayed phase (primary effect parameter) with no 
significant differences in adverse effects [117].

3.7.4 � Adverse Events and Potential Drug–Drug Interaction 
Risks

The oral NK1-receptor antagonists are generally very well 
tolerated with no obvious differences in adverse event pro-
files. The most commonly described adverse events are 
headache, constipation, and hiccups, but in some of the 
pivotal trials these adverse events were not different in fre-
quency or intensity compared with the placebo-control arms. 
Fosaprepitant (intravenous prodrug of aprepitant) has some 
local hypersensitivity reactions, in particular in AC patients, 
which is probably due to surfactant PS 80 [118]. HTX-019 
(intravenous aprepitant) without surfactant has a lower inci-
dence of hypersensitivity reactions [119] as does intravenous 
NEPA [118]. Intravenous rolapitant is no longer available 
due to a number of anaphylactic reactions.

Potential drug–drug interaction risks have been very well 
investigated and described for the NK1-receptor antagonists. 
The major difference is that aprepitant and netupitant are 
primarily metabolized through CYP3A4, whereas rolapitant 
is primarily metabolized through CYP2D6. This results in 
a difference in potential drug–drug interaction risks. For 
example, although it is recommended that the dose of dexa-
methasone is reduced to approximately 50% when combined 
with aprepitant or netupitant, this is not necessary when Ta

bl
e 

6  
K

ey
 tr

ia
ls

 in
 th

e 
de

ve
lo

pm
en

t o
f t

he
 n

eu
ro

ki
ni

n 
(N

K
) 1

-r
ec

ep
to

r a
nt

ag
on

ist
 ro

la
pi

ta
nt

A 
an

th
ra

cy
cl

in
e,

 A
PR

 a
pr

ep
ita

nt
, C

 c
yc

lo
ph

os
ph

am
id

e,
 C

IS
 c

is
pl

at
in

, D
B 

do
ub

le
-b

lin
d,

 D
EX

 d
ex

am
et

ha
so

ne
, E

E 
em

et
ic

 e
pi

so
de

s, 
G

RA
​ g

ra
ni

se
tro

n,
 I

V 
in

tra
ve

no
us

ly
, M

EC
 m

od
er

at
el

y 
em

e-
to

ge
ni

c 
ch

em
ot

he
ra

py
, O

N
D

 o
nd

an
se

tro
n,

 P
 p

ar
al

le
l, 

PL
A 

pl
ac

eb
o,

 P
O

 o
ra

lly
, R

 ra
nd

om
iz

ed
, R

O
L 

ro
la

pi
ta

nt

Re
fe

re
nc

es
D

es
ig

n
In

ve
sti

ga
tio

na
l a

rm
C

om
pa

ra
to

r
C

he
m

ot
he

ra
py

Pr
im

ar
y 

pa
ra

m
et

er
Re

su
lt

R
ap

op
or

t e
t a

l. 
[1

15
]

R
, D

B
, P

n 
=

 4
54

D
ay

 1
:

a)
 R

O
L 

9 
m

g 
PO

b)
 R

O
L 

22
.5

 m
g 

PO
c)

 R
O

L 
90

 m
g 

PO
d)

 R
O

L 
18

0 
m

g 
PO

A
ll:

 O
N

D
 3

2 
m

g 
IV

 +
 D

EX
 

20
 m

g 
PO

 o
n 

da
y 

1 
+

 D
EX

 
8 

m
g 

× 
2 

PO
 o

n 
da

ys
 2

–4

O
N

D
 3

2 
m

g 
IV

 +
 D

EX
 2

0 
m

g 
PO

 o
n 

da
y 

1 
+

 D
EX

 8
 m

g 
× 

2 
PO

 o
n 

da
ys

 2
–4

C
IS

C
om

pl
et

e 
re

sp
on

se
 (n

o 
EE

, n
o 

re
sc

ue
 m

ed
ic

at
io

n)
 0

–1
20

 h
RO

L 
+

 O
N

D
 +

 D
EX

 >
 O

N
D

 
+

 D
EX

, a
ll 

do
se

s e
xc

ep
t R

O
L 

9 
m

g
RO

L 
18

0 
m

g 
ch

os
en

 fo
r p

ha
se

 
II

I s
tu

di
es

R
ap

op
or

t e
t a

l. 
[1

16
]

R
, D

B
, P

n 
=

 1
07

0
RO

L 
18

0 
m

g 
PO

 +
 G

R
A

 
10

 µ
g/

kg
 IV

 +
 D

EX
 2

0 
m

g 
PO

 o
n 

da
y 

1 
+

 D
EX

 8
 m

g 
× 

2 
PO

 o
n 

da
ys

 2
–4

G
R

A
 1

0 
µg

/k
g 

IV
 +

 D
EX

 
20

 m
g 

PO
 o

n 
da

y 
1 

+
 D

EX
 

8 
m

g 
× 

2 
on

 d
ay

s 2
–4

C
IS

C
om

pl
et

e 
re

sp
on

se
 (n

o 
EE

, n
o 

re
sc

ue
 m

ed
ic

at
io

n)
 2

4–
12

0 
h

RO
L 

+
 G

R
A

 +
 D

EX
 >

 G
R

A
 

+
 D

EX

Sc
hw

ar
tz

be
rg

 e
t a

l. 
[1

17
]

R
, D

B
, P

n 
=

 1
33

2
RO

L 
18

0 
m

g 
PO

 +
 G

R
A

 2
 m

g 
PO

 +
 D

EX
 2

0 
m

g 
PO

 o
n 

da
y 

1 
+

 G
R

A
 2

 m
g 

× 
1 

on
 

da
ys

 2
–3

G
R

A
 2

 m
g 

PO
 +

 D
EX

 2
0 

m
g 

PO
 o

n 
da

y 
1 

+
 G

R
A

 2
 m

g 
× 

1 
on

 d
ay

s 2
–3

A
C

 o
r v

ar
io

us
 M

EC
C

om
pl

et
e 

re
sp

on
se

 (n
o 

EE
, n

o 
re

sc
ue

 m
ed

ic
at

io
n)

 2
4–

12
0 

h
RO

L 
+

 G
R

A
 +

 D
EX

 >
 G

R
A

 
+

 D
EX



12	 J. Herrstedt et al.

used together with rolapitant. For an overview of potential 
drug–drug interaction risks, see Table 7.

3.8 � Others

3.8.1 � Cannabinoids

The cannabinoid delta-9-tetrahydrocannabinol (Δ-9-THC) 
and the synthetic cannabinoids dronabinol and nabilone 
were investigated in a number of trials in the 1970s and 
1980s. Only a few randomized trials with small sample 
sizes were conducted and the majority did not comply with 
today’s recommended trial methodology. Furthermore, 
adverse events such as dysphoria, euphoria, dizziness, and 
sedation were frequent making use difficult in older patients 
with cancer. These trials all used cannabinol and compared 
the cannabinol with antiemetics such as prochlorperazine 
and other dopamine-receptor antagonists no longer recom-
mended as standard antiemetic therapy.

Meiri and coworkers compared the antiemetic effect of 
dronabinol, ondansetron, and the combination with placebo 
in patients receiving moderate- or high-emetic-risk chemo-
therapy (n = 61). Unfortunately, the study was prematurely 
closed and no relevant conclusions can be drawn [120].

A recent phase II, randomized, double-blind, placebo-
controlled, crossover study (n  =  72) investigated the 
antiemetic effect of an extract of THC and cannabidiol 
(CBD) in patients with refractory chemotherapy-induced 
nausea and/or vomiting [121]. The authors concluded that 
the addition THC/CBD to standard antiemetics resulted 
in less nausea and vomiting but also in additional adverse 
events. The median age of patients in this trial was only 55 
years, meaning that more adverse events could be expected 

in real-life patients with cancer who are 10–15 years older. 
Due to the modest antiemetic effect and the high risk of 
adverse effects, interest in investigating cannabinoids in 
combination with modern antiemetics has been limited. 
The National Comprehensive Cancer Network (NCCN) 
antiemetic guidelines include dronabinol as an antiemetic 
in breakthrough nausea and vomiting not responding to other 
antiemetics, but no other evidence-based guidelines recom-
mend the use of cannabinoids for CINV [5], and a recent 
systematic review concluded that although there is some 
neurophysiological support for the use of cannabinoids in 
CINV, this is not supported by randomized clinical trials 
[122].

3.8.2 � Olanzapine

Olanzapine is approved as an antipsychotic drug targeting 
multiple receptors such as D1–D4, 5-HT2A, 5-HT2C, 5-HT3, 
5-HT6, histamine H1, α1-adrenergic, acetylcholine, and 
muscarinic receptors [123] and has been investigated as an 
antiemetic in a number of phase II [124–127] and phase 
III trials [128–130] and addressed in a number of scientific 
reviews [131, 132].

In an open-designed, phase III study (n = 241), chemo-
therapy-naïve patients were treated with cisplatin-based (≥ 
70 mg/m2) or AC chemotherapy and all received palonose-
tron plus dexamethasone as antiemetic prophylaxis on day 1. 
Patients were randomized to receive either olanzapine 10 mg 
once daily on days 1–4 (OPD) or aprepitant on days 1–3 plus 
dexamethasone on days 2–4 (APD) as additional antiemetic 
prophylaxis. No significant difference was found in CR (no 
emesis and no rescue antiemetics 0–120 h after initiation of 

Table 7   Potential drug–drug interaction risks with the NK1-receptor antagonists aprepitant, netupitant, and rolapitant

BCRP breast cancer resistance protein, CYP cytochrome 450, DI drug–drug interaction, IV intravenously, PDI potential drug–drug interaction, 
SNRI selective noradrenaline reuptake inhibitor, SSRI selective serotonin reuptake inhibitor
Bold indicates the primary metabolizing CYP enzyme for each antiemetic agent

Aprepitant Netupitant Rolapitant

CYP enzymes 3A4, 1A2, 2C9 3A4 2D6
Mechanism Inhibitor of 3A4 and substrate for 3A4 

and inducer of 3A4 and 2C9
Inhibitor of 3A4 and substrate for 3A4 Inhibitor of 2D6 and of BCRP

No DI risk IV vinorelbine, docetaxel, cyclophos-
phamide, ondansetron, granisetron, 
palonosetron, digoxin

Palonosetron, digoxin, docetaxel, etopo-
side, cyclophosphamide, digoxin

Dexamethasone, ranitidine, ondansetron, 
metoclopramide, doxorubicin, epiru-
bicin, irinotecan, topotecan, docetaxel, 
5-FU, etoposide, methotrexate, keto-
conazole, midazolam

PDI risks Dexamethasone, methylprednisolone, 
warfarin, oral contraceptives, mida-
zolam, tolbutamid, ifosfamide, ritonavir 
clarithromycin, itraconazole, phenytoin 
rifampicin, phenobarbital, carbamaz-
epine, oxycodone

Dexamethasone, methylprednisolone, 
oral contraceptives, clarithromycin, 
erythromycin, itraconazole, ritonavir, 
rifampicin, carbamazepine, phenytoin, 
phenobarbital, SSRI, SNRI

Antidepressants, thioridazine, pimozide
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chemotherapy), but nausea was better controlled with the 
OPD regimen [128].

A randomized, double-blind study (n = 380) in chemo-
therapy-naïve patients receiving cisplatin-based (≥ 70 mg/
m2) or AC chemotherapy compared olanzapine (10 mg × 1 
orally on days 1–4) with placebo, both in combination with 
aprepitant (or fosaprepitant) plus a 5-HT3-receptor antago-
nist plus dexamethasone [129]. Nausea prevention (the pri-
mary endpoint) was significantly improved by olanzapine, 
as were the CR rates (no emesis and no rescue antiemetics) 
0–24 h, 25–120 h and 0–120 h after initiation of chemo-
therapy, respectively [129]. Some patients had increased 
sedation with olanzapine, which was severe in 5%. Again, 
the median age in this trial was only 57 years (approximately 
10 years younger than real-life patients), meaning that the 
risk of sedation could be higher in older real-life patients.

A recent, randomized, double-blind trial (n = 710) in 
chemotherapy-naïve patients treated with cisplatin-based 
chemotherapy (≥ 50 mg/m2) demonstrated that a 5-mg dose 
of olanzapine (once daily on days 1–4) is also superior to 
placebo (both combined with aprepitant, palonosetron and 
dexamethasone) [130].

Based on these three trials, olanzapine is now recom-
mended as an option in evidence-based antiemetic guide-
lines [5]. Besides sedation, postural hypotension, fatigue, 
and anticholinergic effects have been described.

3.8.3 � Evidence‑Based Prophylaxis 
of Chemotherapy‑Induced Nausea and Vomiting

Several guidelines have been published, but the most fre-
quently used are the Multinational Association of Support-
ive Care in Cancer/European Society for Medical Oncol-
ogy (MASCC/ESMO) [133, 134], the American Society 
of Clinical Oncology (ASCO) [135], and the NCCN [136] 
guidelines. The MASCC/ESMO and ASCO guidelines are 
strictly evidence-based, whereas the NCCN guidelines are 
more pragmatic based on evidence but also on experts’ opin-
ion. There are only minor differences between the guideline 
recommendations; primarily, the NCCN guidelines have 
more detailed recommendations and a more extended indi-
cation for some antiemetics than the others. The MASCC/
ESMO and ASCO guidelines are updated when new data 
have been published. The NCCN guidelines are updated 
once every year. None of the guidelines have specific rec-
ommendations for older patients receiving chemotherapy, 
although the NCCN guidelines do have some pharmacologi-
cal considerations.

Guidelines provide recommendations for the prophylaxis 
of acute and delayed emesis induced by single-day chemo-
therapy and multiple-day chemotherapy. Recommendations 
are also provided for breakthrough nausea and vomiting and 
for anticipatory nausea and vomiting. Recommendations are 

given for both adult and pediatric patients. Below is a sum-
mary (adults only) of the recommendations for the prophy-
laxis of acute and delayed CINV induced by single-day IV 
chemotherapy or by multiple-day IV chemotherapy with 
moderate- and/or high-emetic-risk IV chemotherapy on day 
1 only.

3.9 � Minimal Emetic Risk (< 10%)

None of the guidelines recommended routine antiemetic 
prophylaxis. Patients should have access to rescue antiemet-
ics such as a D2-receptor antagonist, a 5-HT3-receptor antag-
onist or a corticosteroid.

3.10 � Low Emetic Risk (10–30%)

A dopamine-receptor antagonist (MASCC/ESMO, NCCN), 
a serotonin-receptor antagonist (MASCC/ESMO, ASCO, 
NCCN) or dexamethasone (MASCC/ESMO, ASCO, 
NCCN) is recommended for prophylaxis in the first 24 h 
after chemotherapy. None of the guidelines recommend rou-
tine antiemetics for delayed CINV protection.

3.11 � Moderate Emetic Risk (30–90%)

3.11.1 � Carboplatin

Patients treated with carboplatin ≥ AUC 4 mg/mL/min are 
recommended a three-drug combination of an NK1-receptor 
antagonist, a 5-HT3-receptor antagonist, and dexamethasone 
(day 1). The NCCN guidelines consider carboplatin a drug 
with high emetic risk, although the risk of emesis in the first 
24 h after carboplatin is < 90% [137]. In patients receiving 
the above three-drug combination only, rescue antiemetics 
are recommended after the first 24 h.

3.11.2 � Other than Carboplatin

Patients treated with moderate-emetic-risk chemotherapy 
other than carboplatin ≥4 mg/mL/min are recommended a 
two-drug combination of a 5-HT3-receptor antagonist and 
dexamethasone on day 1 (MASCC/ESMO, ASCO, NCCN). 
Patients treated with cyclophosphamide, doxorubicin/epiru-
bicin, or oxaliplatin (MASCC/ESMO, ASCO, NCCN) and 
other moderate-emetic-risk agents known to cause delayed 
nausea and vomiting (ASCO, NCCN) may be offered dexa-
methasone on days 2–3. The NCCN guidelines also suggest 
an NK1-receptor antagonist or olanzapine (both as part of 
a three-drug regimen with a 5-HT3-receptor antagonist and 
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dexamethasone) as an option on day 1 and as a single agent 
on days 2–3.

3.12 � High Emetic Risk (> 90%)

The ASCO guidelines recommend a four-drug regimen of 
an NK1-receptor antagonist, a 5-HT3-receptor antagonist, 
dexamethasone, and olanzapine for prophylaxis of CINV 
induced by a single agent (cisplatin and other) high-emetic-
risk chemotherapy or induced by the AC combination (day 
1). It is recommended to continue dexamethasone and olan-
zapine on days 2–4 in cisplatin-based chemotherapy and to 
continue olanzapine on days 2–4 in AC chemotherapy. If 
the NK1-receptor antagonist chosen is aprepitant, aprepitant 
should be continued on days 2–3. Both MASCC and NCCN 
recommend the four-drug regimen as well, but also suggest 
two different three-drug regimens as alternative options 
(palonosetron and dexamethasone combined with olanzapine 
[day 1] or a 5-HT3-receptor antagonist and dexamethasone 
combined with an NK1-receptor antagonist [day 1], with the 
same treatment on days 2–4 or days 2–3 as described above).

4 � Conclusion and Future Perspectives

Evidence-based recommendations for the prophylaxis of 
CINV have been optimized during the past 40 years. Today, 
vomiting can be prevented in the majority of patients, 
whereas nausea remains a significant problem. This is due 
to the fact that 5-HT3-receptor antagonists and NK1-receptor 
antagonists are very effective in the prophylaxis of emesis, 
but only have limited effect against nausea. The most effec-
tive anti-nausea agents seem to be those targeting multiple 
receptors, such as olanzapine.

None of the guidelines have specific recommendations for 
older patients receiving chemotherapy. Young age is a risk 
factor for CINV, meaning that older patients have a lower 
risk of CINV than younger patients provided they receive 
the same kind of chemotherapy and antiemetic prophylaxis. 
Our knowledge about the risk of CINV in older patients 
is limited, because randomized clinical trials (RCTs) do 
not represent real-life patients. Patients included in RCTs 
are younger, they have less comorbidity and use a lower 
number of medications than real-life patients. In a review 
of >260,000 patients included in 302 trials published on 
the ClinicalTrials.gov website in the period 1994–2015, the 
average age of included patients was almost 7 years younger 
than the average age of the background cancer population 
in the same period [138]. The average number of exclusion 
criteria in industry-sponsored trials is 49 [139] and 91% of 
trials have exclusion criteria with respect to physical func-
tion and 85% with respect to organ function [140]. This is 
also a fact as concerns RCTs in CINV.

In Table 8, median or mean age is listed for patients 
included in the pivotal and largest post-marketing studies 
of 5-HT3-receptor antagonists and NK1-receptor antago-
nists (see also Tables 1, 2, 3, 4, 5 and 6). In all but two 
of the 21 trials with data of median (or mean) age, the 
median (mean) age is < 60 years. As in other RCTs, this 
is 5–10 years younger than in real-life patients. Because of 
the younger age of patients in CINV RCTs as compared 
with real-life patients, one could speculate that the emetic 
risk of chemotherapy in the RCTs is higher than in real-life. 
Therefore, some older patients may have been over treated 
with antiemetics.

As previously mentioned, a number of studies have 
investigated steroid-sparing regimens comparing dexa-
methasone on day 1 of chemotherapy only with 2–4 days 
of dexamethasone [141, 142]. With cisplatin-based chemo-
therapy as an exception, it seems that dexamethasone on 
day 1 is as good as several days of dexamethasone. In 
cisplatin-based chemotherapy, no clear-cut conclusion 
can be drawn from studies currently available [143, 144]. 
In patients receiving immunotherapy, the lowest effective 
dose of dexamethasone is recommended [145] and the 
lowest effective dose is also recommended for prophylaxis 

Table 8   Age of patients included in industry-funded pivotal trials and 
largest post-marketing studies in Tables 1, 2, 3, 4, 5 and 6

References Age, years; median or mean (range)

Investigational arm Standard/placebo arm

Marty et al. [78] Median 57 (29–69) Median 57 (29–69)
Bonneterre et al. [79] No data No data
Kaasa et al. [80] Median 58 (19–80) Median 58 (19–80)
Marschner et al. [81] Median 55 (28–79) Median 53 (29–77)
Warr et al. [84] Median 57 (no data) Median 55 (no data)
Perez et al. [85] Mean 55 (18–87) Mean 56 (21–94)
Gralla et al. [86] Mean 62 (19–87) Mean 62 (20–88)
Gralla et al. [88] Mean 56 (no data) Mean 55 (no data)
Eisenberg et al. [89] Mean 53 (no data) Mean 54 (no data)
Aapro et al. [90] Mean 53 (no data) Mean 51 (no data)
Saito et al. [91] Mean 58 (no data) Mean 58 (no data)
Navari et al. [97] Mean 64 (no data) Mean 60 (no data)
Chawla et al. [101] Mean 56 (no data) Mean 54 (no data)
Hesketh et al. [102] Mean 59 (no data) Mean 58 (no data)
Poli-Bigelli et al. [103] Mean 54 (no data) Mean 53 (no data)
Warr et al. [105] Mean 53 (no data) Mean 52 (no data)
Hesketh et al. [109] Median 53 (19–77) Median 55 (no data)
Aapro et al. [110] Median 54 (22–79) Median 54 (no data)
Gralla et al. [112] Median 57 (27–76) Median 59 (no data)
Rapoport et al. [115] Median 56 (20–75) Median 54 (18–77)
Rapoport et al. [116] Median 59 (21–86) Median 59 (18–90)
Schwartzberg et al. 

[117]
Median 58 (22–86) Median 56 (22–88)
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1. Define the eme�c risk poten�al of the pa�ent’s chemotherapy 

2. Define the an�eme�c guideline recommenda�on accordingly

3. Check for organ deficiencies

a) Intes�nal absorp�on - if compromised (e.g. nausea, short bowel syndrome) use iv an�eme�cs)  

b) Renal func�on 

c) Liver func�on 

4. Check for comorbidity

a) Cardiovascular disease primarily arrhythmias and QTc prolonga�on 

b) If QTc prolonga�on is present be careful when prescribing 5-HT3-receptor antagonists and follow-up 

c) Diabetes – consider to avoid prescrip�on of steroids 

5. Check for polypharmacy

a) Check all different medica�ons for poten�al drug-drug interac�ons with an�eme�cs 

b)  Choose an�eme�cs with the lowest risk of a drug-drug interac�on with the current medica�on.  

c) Choose an�eme�cs with the lowest risk of a drug-drug interac�on with the an�neoplas�c therapy (AT) 

6. Check for poten�al lack of pa�ent compliance 

a) Any sign of demen�a?  

b) Use the most simple an�eme�c regimen, preferably one dose of each an�eme�c before AT 

7. Modify the an�eme�c guideline recommenda�on if necessary 

a) If dexamethasone is part of the regimen, consider to use only one dose 

b) If olanzapine is part of the an�eme�c regimen use a 5 mg dose and limit the number of days  

c) If an NK1-receptor antagonist is part of the an�eme�c regimen use a single dose of a long-ac�ng agent.  

d) If a 5-HT3-receptor antagonist is part of the regimen, use a single dose, check for cons�pa�on, follow-up. 

8. Follow-up (effect and tolerability) at the next chemotherapy cycle and modify if necessary

Fig. 1   Flow diagram for prescribing antiemetic prophylaxis of CINV in older cancer patients



16	 J. Herrstedt et al.

of CINV during the COVID-19 pandemic [146]. This is 
of special interest for older cancer patients, because the 
single-day dexamethasone strategy enables the entire 
antiemetic prophylaxis to be administered before chemo-
therapy with no need for routine antiemetics in the sub-
sequent days, resulting in optimal compliance. For exam-
ple, for the prophylaxis of carboplatin-induced nausea and 
vomiting, guidelines recommend the combination of single 
doses of a 5-HT3-receptor antagonist, dexamethasone, and 
one of the long-acting NK1-receptor antagonists (netupi-
tant or rolapitant) as an option [133].

Also, when using olanzapine for prophylaxis of CINV 
in older cancer patients, the lowest effective dose should 
be used. Studies confirm that olanzapine 5 mg is superior 
to placebo [130], but no large RCT has directly compared 
5 mg and 10 mg of olanzapine. In older patients, it seems 
reasonable to start with the 5-mg dose of olanzapine to 
avoid the risk of severe sedation.

Other considerations should be taken into account when 
prescribing antiemetics to older patients with cancer. Fig-
ure 1 shows a flow diagram with these considerations and 
recommendations for prescribing antiemetics to older 
patients.

Future trials should investigate deprescription of 
antiemetics in older patients in order to reduce the risk 
of drug–drug interactions and to reduce costs. A meta-
analysis of four previously published studies concluded 
that the NK1-receptor antagonist, aprepitant, increased the 
antiemetic effect of a 5-HT3-receptor antagonist plus dexa-
methasone in patients aged 65 + years as compared with 
placebo, but in fact this difference was only statistically sig-
nificant in one of the four trials [147]. Another post-hoc 
subanalysis of three previously published trials concluded 
that NEPA is effective and well tolerated in older patients 
receiving moderately or highly emetogenic chemotherapy 
[148]. Since our knowledge of the use of NK1-receptor 
antagonists in older cancer patients is limited to post-hoc 
subanalysis of previously published studies, we need a well-
designed prospective phase II trial that limits inclusion to 
older patients with cancer (e.g., 70 + years old) receiving 
emetogenic chemotherapy and investigates deprescription of 
antiemetics (two antiemetics instead of three) and includes 
a preplanned subanalysis of patients with other emetogenic 
low risk factors (e.g., men vs women). In case of promising 
phase II results, a phase III RCT should follow comparing 
two versus three antiemetics in a double-blind noninferiority 
design. If non-inferiority (of two antiemetics versus three) is 
confirmed, guidelines should be updated accordingly includ-
ing specific recommendations for older patients.
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