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Abstract
Purpose This review summarizes the recommendations for
the prophylaxis of nausea and vomiting in adults receiving
highly emetogenic chemotherapy (HEC) which includes cis-
platin, mechlorethamine, streptozocin, cyclophosphamide
>1500 mg/m2, carmustine, dacarbazine, and the combination
of an anthracycline and cyclophosphamide (AC) administered
to womenwith breast cancer, as agreed at theMASCC/ESMO
Antiemetic Guidelines Update meeting in Copenhagen in
June 2015.
Methods A systematic review of the literature using PubMed
and the Cochrane Database from 2009 to June 2015 was
performed.
Results The NK1-receptor antagonists netupitant (300 mg
given in combination with palonosetron 0.5 mg as NEPA)
and rolapitant have both completed phase II and III programs
and were approved by FDA (both) and EMA (NEPA) in
2014–2015. Addition of one of these agents (or of
(fos)aprepitant) to a combination of a serotonin (5-HT)3-re-
ceptor antagonist and dexamethasone improved the number of

patients with a complete response (no emesis and no rescue
medication) days 1–5 after AC HEC with 8–9 % and after
non-AC HEC by 8–20 %. Olanzapine has improved control
of delayed nausea as compared to aprepitant in a randomized
open designed study. In the prophylaxis of delayed nausea and
vomiting, metoclopramide is an option instead of aprepitant in
patients receiving cisplatin-based chemotherapy and dexameth-
asone is an option instead of aprepitant in patients receiving AC
chemotherapy.
Conclusions Two new NK1-receptor antagonists (netupitant
and rolapitant) have been included in the updated recommen-
dations as additional options to aprepitant or fosaprepitant.
Addition of one of these NK1-receptor antagonists to a com-
bination of a 5-HT3-receptor antagonist and dexamethasone is
recommended in both non-AC HEC and AC HEC.
Olanzapine is included as an option in HEC in particular if
nausea is the main symptom.
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Introduction

This manuscript is an update of the recommendations pub-
lished after the last MASCC/ESMO antiemetic consensus
conference in 2009 [1–3]. It summarizes evidence-based rec-
ommendations for the prophylaxis of nausea and vomiting in
adult patients receiving high emetic risk chemotherapy.

High emetic risk is defined as a risk of vomiting within
the first 24 h after start of chemotherapy of >90 % in
patients who do not receive prophylactic antiemetics. In
2009, high emetic risk chemotherapy (HEC) included cis-
platin, mechlorethamine, streptozocin, cyclophosphamide
>1500 mg/m2, carmustine, and dacarbazine. At that point,
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the combination of an anthracycline (A) and cyclophos-
phamide (C) was classified as moderate emetic risk che-
motherapy [2], but in the recent MASCC/ESMO update
of the emetic risk classification, AC chemotherapy was
included in the HEC category [4] and recommendations
for AC chemotherapy are included in this review. The
recommendations for dose and schedule of antiemetics
are given in Table 1 and updated guidelines for the use
of antiemetics in HEC in Table 2.

Methods

A literature search was done from January 01, 2009, through
June 01, 2015, in PubMed and in the Cochrane Database. The
keywords included were: (cisplatin OR anthracycline OR cy-
clophosphamide OR mechlorethamine OR streptozocin OR
carmustine OR dacarbazine) AND clinical trial. A supplemen-
tary search through PubMed was also completed using the key

words: (ondansetron OR granisetron OR dolasetron OR
tropisetron OR palonosetron OR ramosetron OR azasetron
OR metoclopramide OR domperidone OR metopimazine
OR prochlorperazine OR olanzapine OR aprepitant OR
fosaprepitant OR netupitant OR rolapitant OR casopitant)
AND chemotherapy. The first search resulted in 511
Bhits^ the second in 819 Bhits,^ a total of 1330 references.
The flow diagram for the literature search is summarized
in Fig. 1.

Findings

Since the 2009 update [1–3], numerous studies involving the
serotonin (5-HT)3-receptor antagonist, palonosetron, were
published; the new neurokinin (NK)1-receptor antagonists
netupitant and rolapitant have been approved by the FDA
(netupitant as NEPA and rolapitant) and the EMA (netupitant
as NEPA), and an intravenous formulation of aprepitant,

Table 1 Dose–schedule of antiemetic agents to prevent nausea and vomiting induced by high emetic risk chemotherapy in adults

Antiemetics Single dose given before
single day chemotherapy

Doses given days 2–4 after
single day chemotherapy

MASCC level
of confidence

MASCC level
of consensus

ESMO level
of evidence

ESMO grade of
recommendation

5-HT3 -receptor antagonists

Ondansetron Oral: 16 mga All serotonin antagonists
are dosed on day 1 only

High Moderate I A

IV: 8 mg or 0.15 mg/kg,
max 16 mg

High High I A

Granisetron Oral: 2 mgb High High I A

IV: 1 mg or 0.01 mg/kg High High I A

Transdermal: 3.1 mg/24 h Moderate High I A

Tropisetron Oral or IV: 5 mg Moderate High I A

Dolasetron Oral: 100 mg Moderate High I A

Palonosetron IV: 0.25 mg Moderate High II A

Oral: 0.50 mg Moderate High II A

Dexamethasone Oral or IV: 20 mgc, e Oral or IV:
8 mg bid for 3–4 daysd

Day 1: High
Day 2–4: Low

Day 1: High
Day 2–4: High

Day 1: I
Day 2–4: III

Day 1: A
Day 2–4: A

NK1-receptor antagonists

Aprepitant Oral: 125 mgf Oral: 80 mg days 2 and 3f High High I A

Fosaprepitant IV: 150 mg None Moderate High II A

Netupitant Oral: 300 mgg None High High I A

Rolapitant Oral: 180 mgh None High High I A

aA schedule of 8 mg × 2 is preferred by some panelists in anthracycline-cyclophosphamide-based chemotherapy
bA dose of 1 mg is preferred by some panelists
c 12 mg if the NK1-receptor antagonist used is (fos)aprepitant or netupitant
d 8 mg once daily if the NK1-receptor antagonist used is (fos)aprepitant or netupitant
e If dexamethasone is not available limited data suggest that prednisolone or methylprednisolone can be substituted at doses about 7 and 5 times higher,
respectively
f EMA has approved a single oral dose of 165 mg (and none days 2–3), but no randomized clinical trials have tested this dose schedule
g Administered in combination with oral palonosetron 0.5 mg in a single capsule (NEPA)
h Equivalent to 200 mg rolapitant hydrochloride monohydrate
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fosaprepitant, has been marketed. Another NK1-receptor an-
tagonist, casopitant was evaluated in phase III studies [5, 6];
however, it did not receive FDA approval and hence data on
this agent will not be included in this review. In addition, the
antiemetic effect of olanzapine, an agent targeting multiple
receptors, has been further investigated and data will be
reviewed. This paper will also review the dose, the schedule,
and the route of administration of dexamethasone, the 5-HT3-,
and NK1-receptor antagonists.

Recommendations for the use of these agents are
given indicating the MASCC level of evidence and

consensus and the ESMO type of evidence and grade
of recommendation (Table 2).

Dose, schedule, and route of administration
of antiemetics

5-HT3-receptor antagonists

ECG changes, particularly QTc prolongation, are a class effect of
the 5-HT3-receptor antagonists. The risk may differ between

Table 2 Recommendations: antiemetic agents to prevent nausea and vomiting induced by high emetic risk chemotherapy in adults

Setting Recommendation MASCC level
of confidence

MASCC level
of consensus

ESMO level
of evidence

ESMO grade of
recommendation

Prevention of acute nausea and
vomiting following non-AC
chemotherapy of high emetic risk

A three-drug regimen including single
doses of a 5-HT3-receptor antagonist,
dexamethasone, and an NK1 receptor
antagonist (aprepitant, fosaprepitant,
netupitanta, or rolapitant), given before
chemotherapy is recommended

High High I A

Prevention of delayed nausea and
vomiting following non-AC
chemotherapy of high emetic risk

In patients receiving non-AC highly
emetogenic chemotherapy treated
with a combination of an NK1 receptor
antagonistb, a 5-HT3-receptor
antagonist, and dexamethasone to
prevent acute nausea and vomiting,
dexamethasone on days 2–4 is
suggested to prevent delayed nausea
and vomiting

High Moderate I B

Prevention of acute nausea and
vomiting following
anthracycline-cyclophosphamide-
based chemotherapy of high
emetic risk

In women with breast cancer, a three-drug
regimen including single doses of a
5-HT3-receptor antagonist,
dexamethasone, and an NK1 receptor
antagonist (aprepitant, fosaprepitant,
netupitanta, or rolapitant), given before
chemotherapy is recommendedc.

High High I A

Prevention of delayed nausea and
vomiting following anthracycline-
cyclophosphamide-based
chemotherapy of high emetic risk

In women with breast cancer treated with
a combination of a 5-HT3-receptor
antagonist, dexamethasone and a NK1

receptor antagonist to prevent acute
nausea and vomiting, aprepitant or
dexamethasoned should be used on
days 2 and 3 or none if fosaprepitant,
netupitant or rolapitant has been used
in day 1.

Moderate Moderate II B

The MASCC/ESMO Antiemetics
Guidelines Committee has discussed
the presently available published data
about olanzapine, which suggest that it
is an effective antiemetic agent.

Olanzapine may be considered with a
5-HT3-receptor antagonist plus
dexamethasone, particularly when
nausea is an issuee.

Low Low II B

aNetupitant is administered with palonosetron as part of the fixed-dose oral combination agent NEPA
b If aprepitant 125 mg is used on day 1, then dexamethasone 8 mg × 1 (days 2–4) + aprepitant 80mg × 1 (days 2–3) or dexamethasone 8 mg × 2 (days 2–
4) +metoclopramide 20mg × 4 (days 2–4). Please note that this dosage ofmetoclopramide derives from a phase III study and some regulatory authorities
like EMA now recommend a maximum 0.5 mg/kg total daily dose
c If a NK1-receptor antagonist is not available for AC chemotherapy, palonosetron is the preferred 5-HT3 -receptor antagonist
d If aprepitant 125 mg is used on day 1, then aprepitant 80 mg × 1 (days 2–3) or dexamethasone 4 mg × 2 (days 2–3).
e Patient sedation may be a concern for the 10-mg dose
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these agents and palonosetron seems to induce the lowest risk
[7]. Due to cardiac adverse effects, FDAwarnings against both
the intravenous dose of dolasetron (Drug Safety
Communication, December 2010) and the high 32-mg intrave-
nous dose of ondansetron (Drug Safety Communication, June
2012) have been released. These formulations have therefore
been withdrawn [7]. Antiemetic dose recommendations to pre-
vent nausea and vomiting induced by HEC in adults are given in
Table 1.

Ondansetron The 32-mg intravenous dose has been with-
drawn. There are no other changes in dose and schedule.

Dolasetron The intravenous dose has been withdrawn. There
are no changes in dose and schedule of the oral formulation.

Granisetron A randomized, double-blind study (n = 582)
found that a transdermal formulation of granisetron was as
effective as daily oral granisetron (2 mg/day for 3–5 days) in
patients receiving multiple-day moderately or highly
emetogenic chemotherapy [8]. A patch providing 3.1 mg
granisetron/24 h for up to 7 days has been marketed. There
are no other changes in dose and schedule.

Tropisetron There are no changes in dose and schedule.

Palonosetron Since the last update, two large randomized,
double-blind studies confirmed non-inferiority of the oral
0.5-mg dose compared to the intravenous 0.25-mg dose in
patients receiving cisplatin-based chemotherapy [9] or dif-
ferent antineoplastic agents with a moderate emetic

potential [10]. The oral formulation of palonosetron
0.5 mg has also been combined with the NK1-receptor
antagonist netupitant (see below).

NK1-receptor antagonists

Aprepitant and fosaprepitant A large randomized, double-
blind study (n = 2.247) demonstrated that a single intravenous
dose of fosaprepitant 150 mg is non-inferior to a 3-day oral
regimen of apepitant (125/80/80 mg) in patients receiving their
initial cycle of cisplatin-based (≥70mg/m2) chemotherapy [11].
A study in young, healthy volunteers (n = 16) showed that the
5-day NK1-receptor binding affinity of a single dose of oral
aprepitant 165 mg was as high as a single intravenous dose of
fosaprepitant 150 mg [12]. It is unknown if the results can be
extrapolated to cancer patients, who are older than the healthy
volunteers in the study and typically require 4–6 different drugs
each day, running into a risk of drug-drug interaction with the
oral formulation. Nevertheless, the single oral dose was ap-
proved by the EMA, but not the FDA. No clinical trial has
investigated the 165-mg single oral dose.

Netupitant NEPA, an oral combination of the NK1-receptor
antagonist, netupitant, and the 5-HT3-receptor antagonist,
palonosetron, was investigated in a randomized, double-blind,
dose-ranging phase II study [13]. In a total of 694 chemother-
apy-naive, cisplatin-treated patients (≥50mg/m2) three different
oral doses of netupitant (100, 200, and 300 mg) plus oral
palonosetron 0.50 mg were compared with oral palonosetron
0.50 mg, all given on day 1. A standard 3-day oral aprepitant
regimen plus a single intravenous dose of ondansetron 32 mg

Iden�fica�on1

Screening

Fine-tuning

Final evalua�on 

1330

103

75

22

Step 1

Step 2

Step 3

1. The search strategy is described in the methods sec�on.
Step 1: 1.227 publica�ons excluded (not an an�eme�c trial or an�eme�c trial, but not in a cancer popula�on). 
Step 2: 28 publica�ons excluded; duplicates (17), moderately emetogenic chemotherapy (5), not a clinical trial (5), no data (1).
Step 3: 53 publica�ons excluded (other se�ngs; chemo- radiotherapy (2), children (1), mul�ple-day chemotherapy (9), refractory- or 

breakthrough nausea and vomi�ng (3), high-dose chemotherapy and stem cell transplanta�on (7)), post hoc subanalysis (7),     
NK1 receptor antagonist not used in cispla�n-based chemotherapy (9), not a randomized trial (14), under-powered, n = 20 (1).

Fig. 1 Flow chart of the literature
search and selection of
publications
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was included as an exploratory arm. In the NEPA- and
aprepitant arms, patients received 12 mg oral dexamethasone
on day 1 and 4 mg twice daily on days 2–4 and in the
palonosetron arm the dose of dexamethasone was 20 mg orally
day 1 followed by 8 mg twice daily on days 2–4. Aprepitant
125 mg on day 1 and 80 mg on days 2 and 3 was added in the
aprepitant arm. The primary parameter was complete response
(no emesis and no use of rescue antiemetics) days 1–5. All
NEPA doses showed statistically significant superior complete
response rates days 1–5 compared with palonosetron (87.4 %
NEPA100, 87.6 % NEPA200, and 89.6 % NEPA300 and 76.5 %
with palonosetron, p = 0.004–0.018), while 86.6 % of patients
receiving aprepitant and ondansetron achieved a complete re-
sponse. Complete response days 2–5 was also statistically sig-
nificant superior in the NEPA (and aprepitant) arms compared
to palonosetron (p < 0.05). On day 1, the complete response
was 93.3, 92.7, and 98.5 %, respectively, versus 89.7 % with
palonosetron and 94.8 % with aprepitant and ondansetron. On
day 1, only NEPA 300 mg and aprepitant plus ondansetron
were significantly superior to palonosetron alone (p < 0.05).
Based on these results, a dose of 300 mg NEPA was selected
for phase III trials.

Rolapitant A randomized, double-blind, dose-finding study
investigated four different oral doses of rolapitant (9, 22.5, 90,
and 180 mg, respectively) in comparison with placebo all
combined with intravenous ondansetron 32 mg and oral dexa-
methasone 20 mg on day 1 followed by dexamethasone 8 mg
twice daily on days 2–4. A total of 454 patients receiving
cisplatin-based (≥70 mg/m2) chemotherapy were included
[14]. The primary endpoint was complete response in the
overall phase (days 1–5). All doses of rolapitant statistically
significantly improved complete response days 1–5. The
greatest benefit was observed with rolapitant 180 mg (62.5
versus 46.7 % on days 1–5, p = 0.032; 87.6 versus 66.7 %
on day 1, p = 0.001, and 63.6 versus 48.9 % on days 2–5,
p = 0.045). Rolapitant 180 mg (corresponding to 200 mg of
rolapitant hydrochloride monohydrate) was subsequently se-
lected for phase III studies.

Dexamethasone and other corticosteroids

No dose-ranging studies with dexamethasone have been com-
pleted since the last update of the guidelines [1–3]. Only the
day 1 dose of dexamethasone in cisplatin and in
anthracycline-cyclophosphamide chemotherapy has been
established [15, 16], whereas no randomized trials have inves-
tigated the dexamethasone dose on days 2–4. The dose of
dexamethasone in combination with an NK1-receptor antago-
nist has been of particular interest (see paragraph about differ-
ences between NK1-receptor antagonists).

Two studies have investigated whether the administra-
tion of dexamethasone in patients receiving either AC or

moderate risk chemotherapy can be limited to day 1 (ste-
roid-sparing studies), when given in combination with
palonosetron [17, 18]. Neither of these studies included
an NK1-receptor antagonist as recommended by the
guidelines and other 5-HT3-recptor antagonists (than
palonosetron) were not investigated; hence, it is uncer-
tain whether the results are restricted to concomitant use
with palonosetron or could be extended to all 5-HT3-
receptor antagonists. A recent meta-analysis of individu-
al patient data examining the effect of age on outcome in
a pooled sample of 405 patients with breast cancer re-
ceiving AC chemotherapy support these findings [19].
The overall conclusion is that the benefit of administering
dexamethasone beyond day 1 in patients treated with AC che-
motherapy and palonosetron is modest. This does not change
the guidelines, because the recommendation in AC patients is
to use a combination of a 5-HT3-receptor antagonist, dexa-
methasone, and an NK1-receptor antagonist on day 1 only
(aprepitant days 2–3, if the NK1-receptor antagonist chosen
day 1 is aprepitant at 125 mg).

New studies

5-HT3-receptor antagonists

No studies with the potential to change the guidelines in AC or
cisplatin-treated patients have been published since 2009. Two
studies compared granisetron and palonosetron in different set-
tings and did not find major differences [20, 21].

NK1-receptor antagonists

Aprepitant and fosaprepitant in cisplatin-based chemotherapy

The current recommendations in cisplatin-based chemotherapy
from 2009 were based on two double-blind phase III trials with
identical design comparing standard therapy with ondansetron
32 mg intravenous plus oral dexamethasone 20 mg on day 1,
followed by oral dexamethasone 8 mg twice a day on days 2–4
with ondansetron 32 mg intravenous, oral dexamethasone
12 mg, and oral aprepitant 125 mg on day 1, followed by oral
dexamethasone 8 mg daily on days 2–4 and oral aprepitant
80 mg on days 2 and 3 [22, 23]. A third study used the same
design, but ondansetron was continued in the control arm
days 2–4 in an oral dose of 8 mg twice daily [24]. The
dexamethasone dose was reduced in the aprepitant arms
because one pharmacokinetic study found that aprepitant
increased dexamethasone plasma concentrations resulting
in approximately twofold increase in area under the curve
(AUC). In all three studies, the primary endpoint (com-
plete response, defined as no emesis and no use of rescue
antiemetics 0–120 h after the initiation of chemotherapy)
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was significantly superior with the addition of aprepitant
(73 versus 52 %, p < 0.001, 63 versus 43 %, p < 0.001,
and 72 versus 61 %, p < 0.003) [22–24].

Subsequently, a double-blind, randomized, non-inferiority
study compared the efficacy and tolerability of a single 150-
mg intravenous dose of fosaprepitant (a prodrug of aprepitant),
with the 3-day oral aprepitant administration in 2247 cancer
patients submitted to cisplatin-based chemotherapy [11]. All
patients received ondansetron on day 1 and dexamethasone
on days 1–4. Complete response rate was not significantly
nferior with fosaprepitant with respect to aprepitant. Complete
response was achieved in 89.0 versus 88.0 % of patients on day
1, in 74.3 versus 74.2% on days 2–5, and in 71.9 versus 72.3%
on days 1–5, respectively. Therefore, a single fosaprepitant dose
is not inferior to the 3-day oral aprepitant regimen and can be
recommended in the prevention of cisplatin-induced emesis.
Subsequent studies confirmed the efficacy of the 150-mg single
intravenous dose of fosaprepitant [25] and the 3-day oral regi-
men of aprepitant in cisplatin-based chemotherapy [26].

Aprepitant in women with breast cancer receiving
anthracycline-cyclophosphamide chemotherapy

The current recommendations were based on a double-blind,
randomized phase III study carried out in 866 breast cancer
patients treated with cyclophosphamide plus anthracyclines
[27]. The study compared orally administered ondansetron
(8 mg twice daily on days 1–3) and dexamethasone (20 mg)
versus orally administered ondansetron (8 mg twice daily on
day 1), dexamethasone (12 mg), and aprepitant (125 mg on
day 1 and 80mg on days 2–3) (9). Complete response on days
1–5 (the primary endpoint) was significantly superior with
aprepitant (51 versus 42 %, p = 0.015) as well as on day 1
(76 versus 69 %, p = 0.034), whereas no significant difference
was seen on days 2–5 (55 versus 49 %, p = 0.064). A subse-
quent study, in which nearly 50 % of the patients received AC
chemotherapy and the same antiemetics as in the first study,
confirmed these results [28].

Netupitant in cisplatin-based chemotherapy

The phase II NEPA study in cisplatin-treated patients is de-
scribed within the BDose, schedule, and route of administra-
tion of antiemetics^ paragraph [13]. In a phase III study in-
cluding 413 patients of which 24 % received highly
emetogenic chemotherapy (primarily cisplatin), netupitant
plus palonosetron plus dexamethasone was investigated dur-
ing six cycles of chemotherapy [29]. The study focused on
safety and in particular no cardiac safety concerns were raised
based on cardiac adverse effects and ECGs. In the first cycle
of this study [29], 81 % of the patients treated with netupitant
300 mg plus palonosetron and dexamethasone obtained a
complete response on days 1–5 as compared to 89.6 % of

the patients treated with netupitant 300 mg plus palonosetron
and dexamethasone in the phase II study [13].

Netupitant in women with breast cancer receiving
anthracycline-cyclophosphamide chemotherapy

A double-blind phase III study including 1455 patients
undergoing anthracycline-cyclophosphamide chemothera-
py compared NEPA (oral netupitant 300 mg and
palonosetron 0.5 mg) plus oral dexamethasone 12 mg
with oral palonosetron 0.5 mg plus oral dexamethasone
20 mg [30]. The primary endpoint was the complete
response achieved during the delayed phase. The com-
plete response on days 2–5 was significantly superior
with netupitant 76.9 versus 69.5 % (p = 0.001) as well
as on day 1 (88.4 versus 85.0 %, p = 0.047) and on day
1–5 (74.3 versus 66.6 %, p = 0.001). Addition of
netupitant significantly increased the antiemetic effect
of palonosetron and dexamethasone in women (98 %)
with breast cancer (97–98 %). Although the benefit was
less than 10 % as concerns both the primary and sec-
ondary efficacy parameters, these differences seems to
be clinically relevant, because a significantly higher
number of patients in the NEPA arm reported that nau-
sea and vomiting had no impact on daily living as com-
pared to patients in the palonosetron arm.

Rolapitant in cisplatin-based chemotherapy

Rolapitant was approved by the FDA (September 2, 2015) for
prevention of delayed nausea and vomiting associated with
initial and repeat courses of emetogenic cancer chemotherapy.

Two phase III studies (HEC-1 and HEC-2) have evaluated
rolapitant in cisplatin-treated patients. The studies were initial-
ly presented separately in abstract form [31, 32], but combined
in the full publication [33]. The two phase III studies had the
same design and compared the standard antiemetic treatment
(granisetron 10 μg/kg iv and oral dexamethasone 20 mg on
day 1 and 8 mg twice daily on days 2–4) with granisetron and
dexamethasone in the same doses and schedules plus
rolapitant 180 mg orally (equivalent to 200 mg rolapitant hy-
drochloride monohydrate). The dose of dexamethasone was
not reduced in the experimental arm because rolapitant is not
an inducer or inhibitor of CYP3A4. The primary endpoint of
these studies was the complete response on days 2–5 which
was significantly superior in the rolapitant arms in both studies
(HEC-1 73 versus 58 %, p = 0.0006 [31], and HEC-2 70 ver-
sus 62 %, p = 0.043 [32]). Complete responses on day 1 and
days 1–5 were 84 versus 74 % (p = 0.0051) and 70 versus
56 % (p = 0.0013), respectively, in HEC 1 and 83 versus
79 % and 68 versus 60 % (both not statistically significant)
in HEC-2 [33]. Combining data from these two trials
(n = 1.087) [33], the addition of rolapitant significantly

282 Support Care Cancer (2017) 25:277–288



improved the effect of granisetron plus dexamethasone com-
pared to placebo in all primary and secondary parameters.

Rolapitant in women with breast cancer receiving
anthracycline-cyclophosphamide chemotherapy

A randomized, double-blind phase III study (n = 1369) evalu-
ated rolapitant in patients receiving a combination of
anthracycline-cyclophosphamide (AC) or non-ACmoderately
emetogenic chemotherapy [34]. Oral granisetron (2 mg daily
on days 1–3) and dexamethasone (20 mg on day 1) were
compared with oral rolapitant (180 mg on day 1) plus oral
granisetron and dexamethasone in the same doses and sched-
ules as in the control arm. The primary endpoint was complete
response on days 2–5. Protocol-specified subanalysis in wom-
en with breast cancer receiving AC (53 %) and patients of
different diagnosis receiving non-AC (47 %) chemotherapy
were planned. Rolapitant significantly improved the effect of
granisetron and dexamethasone both in the entire population
and in women with breast cancer receiving AC chemotherapy
with respect to complete response days 2–5 (total population
71 versus 62 %, p = 0.0002, and AC population 67 versus
60 %, p = 0.0465). Also, the number of patients obtaining a
complete response days 1–5 was significantly improved by
rolapitant in the entire population and in the AC subgroup,
whereas no significant difference was seen day 1 in either
group [34].

Are there differences among the NK1-receptor
antagonists in the prevention of nausea and vomiting
following high emetic risk chemotherapy?

Differences in pharmacokinetics including risk
of drug-drug interactions

Aprepitant is a CYP3A4 substrate and is a moderate inhibitor
of CYP3A4 [35, 36]. The AUC and half-life of aprepitant is
increased following co-administration with ketoconazole, and
decreased following co-administration with rifampicin.

Netupitant has a half-life of approximately 90 h and is also
primarily metabolized by CYP3A4 [37]. In vitro data suggest
that netupitant inhibits CYP3A4 and is a substrate for and a
weak inhibitor of P-glycoprotein (P-gp) [38]. As a conse-
quence, both aprepitant and netupitant significantly increase
the exposure of dexamethasone; hence, reduction of dexa-
methasone doses is recommended during co-administration.

Rolapitant has a half-life of 180 h and is not an inhibitor or
inducer of CYP3A4 [39]. It is therefore unlikely that it inter-
acts with drugs metabolized through the CYP3A4 system, and
therefore there is no need to reduce the dose of dexamethasone
during co-administration [39]. Rolapitant is a moderate

inhibitor of CYP2D6 and should not be used concomitantly
with CYP2D6 substrates such as thioridazine.

There are a few differences, in terms of DDI profiles of
aprepitant and netupitant. For example, aprepitant may reduce
the efficacy of hormonal contraception, while netupitant did
not significantly affect the exposures to contraceptives [37].
Aprepitant is also a mild inducer of CYP2C9, which can affect
the metabolism of tolbutamide [40]. Netupitant, conversely,
has not been shown to induce CYP2C9 [38].

Aprepitant has also been shown to exert an inductive effect
on CYP3A4; in a study using intravenous midazolam as a
probe, administration of a standard 3-day regimen of
aprepitant was associated with weak CYP3A4 inhibition on
day 4 and weak induction on day 8, with no effect on day 15
[40]. Netupitant and its metabolites have not shown any in-
ductive effects on CYP3A4 [38].

Clinical differences

At present, no comparative studies have been carried out to
identify differences in efficacy and toxicity between the three
NK1-receptor antagonists. Therefore, when available, choice
may be dependent on respective convenience and cost.

Conclusion cisplatin-based and AC-based
chemotherapy

Cisplatin-based chemotherapy

The addition of an NK1-receptor antagonist in patients receiv-
ing cisplatin chemotherapy increased the complete response on
day 1 between 4 and 14 %, on days 2–5 between 8 and 21 %,
and on days 1–5 between 8 and 20 % [13, 22–24, 33]. This
increase is not only statistically significant but also clinically
relevant because of the potential positive impact on the rates of
complete response in the first cycle on the subsequent cycles of
chemotherapy. The magnitude of the differences observed be-
tween the studies could be affected by differences in the control
arm, (e.g. differences in 5-HT3-receptor antagonist use).
Furthermore, part of the antiemetic effect days 2–5 could also
be due to a dependence effect from day 1 (the better results
obtained on day 1, the higher chance of complete responses
on days 2–5).

The updated MASCC/ESMO guidelines include recom-
mendations for the use of NEPA and rolapitant (Table 2).

AC-treated female patients with breast cancer

The addition of anNK1 receptor antagonist in patients receiving
AC chemotherapy for breast cancer increased the complete
response on day 1 between 0 and 7 %, on days 2–5 between
6 and 9 % and, on days 1–5 between 8 and 9 % [27, 30, 34].
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The improvement in the delayed and overall phases is not only
statistically significant but also clinically relevant because of the
potential positive impact on the complete response rates in the
subsequent cycles of chemotherapy. Similar to the cisplatin
studies, the differences in the magnitude of benefit could be
influenced by differences in the control arm. Also, as with the
cisplatin-based studies, none of the AC chemotherapy studies
were designed specifically for the investigation of delayed nau-
sea and vomiting, and a carry-over effect of a day 1 difference
cannot be excluded.

Other high emetic risk chemotherapy

These agents include mechlorethamine, streptozocin, cy-
clophosphamide >1500 mg/m2, carmust ine, and
dacarbazine. Since the last update in 2009, a few random-
ized clinical trials have been published. These studies pri-
marily investigated high dose chemotherapy used in con-
nection with stem cell transplantation and are reviewed
elsewhere [41]. The recommendation is to add a NK1

receptor antagonist to the combination of a 5-HT3-recep-
tor antagonist and dexamethasone.

Are other antiemetics useful in the prevention
of nausea and vomiting following HEC?

Olanzapine

Three recent studies [42–44] of low to moderate quality have
investigated the use of olanzapine and are summarized in
Table 3.

A randomized, double-blind, phase III trial (published as
an abstract only) was performed in 109 (100 evaluable) che-
motherapy and radiation therapy naïve patients receiving con-
current local radiation and cisplatin, ≥70mg/m2 based chemo-
therapy [45]. Patients were randomized to antiemetic prophy-
laxis with 10 mg of oral olanzapine, 0.25 mg of intravenous
palonosetron and intravenous dexamethasone 20mg on day 1,
and 10 mg/day of oral olanzapine on days 2–4 post-
chemotherapy or to 150 mg of intravenous fosaprepitant,
0.25 mg of intravenous palonosetron and intravenous dexa-
methasone 12 mg on day 1, and 4 mg of oral dexamethasone
twice daily on days 2 and 3. Distribution of patients in different
groups was similar with respect to gender, types of cancer, and
radiotherapy regimens. Complete response (CR) (no emesis, no
rescue) was 88 % for the acute period (24 h post-chemothera-
py), 76% for the delayed period (days 2–5 post-chemotherapy),
and 76 % for the overall period (0–120 h) for 51 patients re-
ceiving the olanzapine regimen. CR was 84 % for the acute
period, 73 % for the delayed period, and 73 % for the overall
period in 49 patients receiving the fosaprepitant regimen (no

significant differences). Patients without nausea (0, scale 0–10,
visual analogue scale) were as follows: 86 %, acute; 71 %,
delayed; and 71 %, overall for the olanzapine regimen and
77 %, acute; 41 %, delayed; and 41 %, overall for the
fosaprepitant regimen (p < 0.01). No grade 3 or 4 toxicities
were documented.

A phase II study [46] and a recent randomized, double-
blind phase III study published as an abstract only [47], both
reported high CR rates and high protection rates against nau-
sea in patients receiving cisplatin-based [46, 47] or AC che-
motherapy [47], when olanzapine was combined with a three-
drug combination of a 5-HT3-receptor antagonist, dexameth-
asone, and the NK1 receptor antagonist, aprepitant.

In conclusion, olanzapine seems to be useful in the prophy-
laxis of delayed nausea (superior to (fos)aprepitant) and equal
to (fos)aprepitant in the prevention of acute symptoms. The
studies published to date are of low to moderate quality (small
sample sizes and/or open design, poorly described patient
populations).

Dexamethasone and metoclopramide for delayed nausea
and vomiting

Two randomized, double-blind studies, specifically designed
to investigate delayed nausea and vomiting, compared the
effect of aprepitant with metoclopramide [48] and with dexa-
methasone [49], respectively.

In the first study [48], 303 chemotherapy-naïve patients re-
ceived cisplatin-based chemotherapy and intravenous
palonosetron 0.25 mg, dexamethasone 12 mg, and oral
aprepitant 125 mg as antiemetic prophylaxis (day 1). Patients
were randomized to oral dexamethasone 8 mg (days 2–4) plus
oral aprepitant 80 mg (days 2–3) or to oral metoclopramide
20 mg four times daily plus oral dexamethasone 8 mg twice
daily (both days 2–4). No significant differences were observed
on day 1. On days 2–5, the complete response rates (primary
parameter, defined as no vomiting and no rescue antiemetics)
were 80.3 % (aprepitant plus dexamethasone) versus 82.5 %
(p = 0.38). Also, no significant differences were observed with
respect to the secondary efficacy parameters and toxicity. The
conclusion is that in patients receiving cisplatin-based chemo-
therapy and the same antiemetic prophylaxis on day 1 (includ-
ing aprepitant 125 mg), patients could receive either aprepitant
(days 2–3) plus dexamethasone (days 2–4) or metoclopramide
plus dexamethasone days 2–4.

The other study [49] investigated 580 chemotherapy-naïve
women with breast cancer, who received adjuvant
anthracycline plus cyclophosphamide and intravenous
palonosetron 0.25 mg, dexamethasone 8 mg, and oral
aprepitant 125 mg as antiemetic prophylaxis (day 1).
Patients were randomized to oral dexamethasone 4 mg twice
daily (days 2–3) or oral aprepitant 80 mg (days 2–3). No
significant differences were observed on day 1. On days 2–

284 Support Care Cancer (2017) 25:277–288



T
ab

le
3

Su
m
m
ar
y
of

ra
nd
om

iz
ed

st
ud
ie
s
(2
00
9–
20
15
)
in
ve
st
ig
at
in
g
th
e
us
e
of

ol
an
za
pi
ne

in
hi
gh

em
et
ic
ri
sk

ch
em

ot
he
ra
py

(H
E
C
)
in

ad
ul
ts

R
ef
er
en
ce

In
ve
st
ig
at
io
na
la
rm

C
om

pa
ra
to
r

C
he
m
ot
he
ra
py

D
es
ig
n
an
d
pa
tie
nt
s

Pr
im

ar
y
pa
ra
m
et
er

R
es
ul
ts
an
d
in
te
rp
re
ta
tio

n

Ta
n
et
al
[4
2]

D
ay

1:
A
za
se
tr
on

10
m
g
iv

D
E
X
10

m
g
iv

O
L
A
10

m
g
po

D
ay

1:
A
za
se
tr
on

10
m
g
iv

D
E
X
10

m
g
iv

H
E
C
(N

=
10
2)

or
M
E
C
(N

=
12
7)

R
an
do
m
iz
ed
,o
pe
n,
pa
ra
lle
l.

N
=
22
9

C
T-
na
iv
e
an
d
N
on
-n
aï
ve
.N

o
pr
ot
oc
ol
-s
pe
ci
fi
ed

su
ba
na
ly
si
s

of
H
E
C
an
d
M
E
C

C
om

pl
et
e
re
sp
on
se

(d
ef
in
ed

in
th
e

ab
st
ra
ct
on
ly

as
no

na
us
ea
,n
o

vo
m
iti
ng

an
d
no

re
sc
ue

th
er
ap
y)

D
ay

1:
C
R
no

di
ff
er
en
ce

D
ay

2-
5:

C
R
as

de
fi
ne
d
w
as

no
t

re
po
rt
ed
,b
ut

N
o
na
us
ea

an
d

N
o
vo
m
iti
ng

w
er
e
si
gn
if
ic
an
tly

hi
gh
er

in
th
e
O
L
A
gr
ou
p

(p
<
0.
05
)
in

H
E
C
.

T
he

st
ud
y
is
of

lo
w
qu
al
ity
.

A
ss
es
sm

en
ts
no
ts
pe
ci
fi
ed
,

C
T-
na
ïv
e/
N
on
-n
aï
ve

no
t

sp
ec
if
ie
d.

D
ay
s
2–
5:

O
L
A
10

m
g
po

D
ay
s
2–
5:

D
E
X
10

m
g
iv

N
av
ar
ie
ta
l[
43
]
D
ay

1:
PA

L
0.
25

m
g
iv

D
E
X
20

m
g
iv

O
L
A
10

m
g
po

D
ay

1:
PA

L
0.
25

m
g
iv

D
E
X
12

m
g
iv

A
PR

12
5
m
g
po

H
E
C
as

ci
sp
la
tin

or
A
C

R
an
do
m
iz
ed
,o
pe
n,
pa
ra
lle
l,

st
ra
tif
ic
at
io
n
fo
r
ge
nd
er

an
d

ci
sp
la
tin

vs
A
C
.

N
=
24
1

C
T-
na
iv
e

C
R
de
fi
ne
d
as

no
em

es
is
an
d
no

re
sc
ue

m
ed
ic
at
io
n
0–
12
0
h

po
st
-c
he
m
ot
he
ra
py
.

C
R
0–
24
,2
4–
12
0,
an
d
0–
12
0
h:

no
si
gn
if
ic
an
td

if
fe
re
nc
es
.N

o
na
us
ea

(s
ec
on
da
ry

pa
ra
m
et
er
)

w
as

si
gn
if
ic
an
tly

hi
gh
er

in
th
e

ol
an
za
pi
ne

gr
ou
p
(6
9
vs

38
%
,

p
<
0.
00
1)
.

T
he

st
ud
y
is
of

m
od
er
at
e
qu
al
ity

(o
pe
n
de
si
gn
).

D
ay
s
2–
4:

O
L
A
10

m
g
po

D
ay
s
2–
4:

D
E
X
4
m
g
×
2
po

D
ay
s
2–
3:

A
P
R
80

m
g
po

M
iz
uk
am

ie
ta
l

[4
4]

D
ay

1:
5-
H
T
3
-r
ec
ep
to
r
an
ta
go
ni
st

D
E
X
9.
9
m
g
iv

A
PR

12
5
m
g
po

O
L
A
5
m
g
(d
ay

0
an
d
1)

D
ay

1:
5-
H
T
3
-r
ec
ep
to
r
an
ta
go
ni
st

D
E
X
9.
9
m
g
iv

A
PR

12
5
m
g
po

P
L
A
po

H
E
C
(N

=
29
)
or

M
E
C
(N

=
15
)

R
an
do
m
iz
ed
,d
ou
bl
e-
bl
in
d.

N
=
44

C
T-
na
ïv
e?

To
ta
lc
on
tr
ol

(T
C
)
de
fi
ne
d
as

no
vo
m
iti
ng
,n
o
re
sc
ue

m
ed
ic
at
io
n

an
d
a
m
ax
im

um
na
us
ea

of
5
m
m

on
a
10
0-
m
m

V
A
S.

B
ot
h
to
ta
lc
on
tr
ol

0–
24
,2
4–
12
0,

an
d
0–
12
0
w
er
e
in
di
ca
te
d
as

pr
im

ar
y
en
dp
oi
nt
s.

T
C
24
–1
20

an
d
0–
12
0
w
as

si
gn
if
ic
an
tly

hi
gh
er

in
th
e

ol
an
za
pi
ne

gr
ou
p.

T
he

st
ud
y
is
of

lo
w
qu
al
ity
,

be
ca
us
e
of

th
e
lo
w
nu
m
be
r
of

pa
tie
nt
s,
no

sp
ec
if
ic
at
io
n
of

C
T-
na
iv
ity

or
no
t,
us
e
of

di
ff
er
en
t5

-H
T
3
-r
ec
ep
to
r

an
ta
go
ni
st
s.
U
se

of
bo
th

H
E
C

an
d
M
E
C
.

D
ay
s
2–
3
(P
A
L
on
ly

da
y
1)

5-
H
T
3
-r
ec
ep
to
r
an
ta
go
ni
st

A
P
R
80

m
g
po

D
ay
s
2–
3
(P
A
L
on
ly

da
y
1)

5-
H
T
3
-r
ec
ep
to
r
an
ta
go
ni
st

A
PR

80
m
g
po

D
ay
s
2–
4

D
E
X
6.
6
m
g
iv

D
ay
s
2–
4

D
E
X
6.
6
m
g
iv

D
ay
s
2–
5

O
L
A
5
m
g
po

D
ay
s
2–
5

P
L
A
po

M
E
C
m
od
er
at
e
em

et
ic
ri
sk

ch
em

ot
he
ra
py
,A

C
a
co
m
bi
na
tio

n
of

an
th
ra
cy
cl
in
e
an
d
cy
cl
op
ho
sp
ha
m
id
e,
D
E
X
de
xa
m
et
ha
so
ne
,O

LA
ol
an
za
pi
ne
,A

P
R
ap
re
pi
ta
nt
,C

T
ch
em

ot
he
ra
py
,P

LA
pl
ac
eb
o

Support Care Cancer (2017) 25:277–288 285



5, the complete response rates (primary parameter, defined as
no vomiting and no rescue antiemetics) were identical in both
arms (79.5 %). Also, no significant differences were observed
with respect to the secondary efficacy parameters, but signif-
icantly more patients complained of heartburn and insomnia
in the dexamethasone group on days 2–5. The conclusion is
that in patients receiving AC chemotherapy and the same an-
tiemetic prophylaxis on day 1 (including aprepitant 125 mg),
patients could receive either aprepitant (days 2–3) or dexa-
methasone days 2–3.

Overall conclusion

Since the last MASCC/ESMO consensus conference in 2009,
the most important achievements have been the FDA
(netupitant and rolapitant) and the EMA (netupitant) approval
of two new NK1-receptor antagonists. These approvals were
based on large phase II and III investigational programs. In
addition, the combination of an anthracycline and cyclophos-
phamide in women with breast cancer is now recognized to be
highly emetogenic. Olanzapine, a multiple receptor targeting
agent, seems useful in the prevention of HEC-induced delayed
nausea, but higher quality studies are warranted.
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