
SymptomManagement and Supportive Care

Safety of an Oral Fixed Combination of Netupitant and Palonosetron

(NEPA): Pooled Data From the Phase II/III Clinical Program
MATTI AAPRO,a PAUL J. HESKETH,b KARIN JORDAN,c RICHARD J. GRALLA,d GIORGIA ROSSI,e GIADA RIZZI,e MARCO PALMAS

e

aClinique de Genolier, Genolier, Switzerland; bLahey Hospital and Medical Center, Burlington, Massachusetts, USA; cUniversity of Halle,
Halle, Germany; dAlbert Einstein College of Medicine, Bronx, New York, USA; eHelsinn Healthcare, Lugano, Switzerland
Disclosures of potential conflicts of interest may be found at the end of this article.

Key Words. Antiemetics x Chemotherapy x Nausea x Neurokinin-1 receptor antagonists x Safety x

Serotonin 5-hydroxytryptamine-3 receptor antagonists x Vomiting

ABSTRACT

Background. Standardprophylaxis forchemotherapy-induced
nausea and vomiting (CINV) with highly emetogenic and
anthracycline-cyclophosphamide-based chemotherapy in-
cludes a 5-hydroxytryptamine-3 receptor antagonist, a
neurokinin-1 receptor antagonist (NK1RA), and corticoste-
roid therapy. NEPA is a fixed combination of netupitant and
palonosetron. The primary objective of this analysis was
to document the safety profile, including cardiac safety, of
NEPA 1 dexamethasone in comparison with current thera-
pies across all phase II/III trials.
Materials and Methods.This pooled analysis was based on
data from 3,280 patients in 4 randomized, double-blind
clinical trials. Patients were categorized into 1 of 3 pooled
groups on the basis of actual treatment received: NEPA1
dexamethasone, palonosetron 1 dexamethasone, and
aprepitant 1 ondansetron/palonosetron 1 dexametha-
sone. Safety was assessed by number and frequency of
adverse events (AEs) and changes from baseline electro-
cardiogram measures.

Results.Most patients were female and younger than 65
years of age. Demographic characteristics varied among
studies and pooled groups. Frequencies of treatment-
emergent AEs (TEAEs) and treatment-related AEs (TRAEs)
were similar across groups. TEAEs were mostly mild and
consistent with expected chemotherapy and disease-related
AEs (hematologic events, hair loss, general weakness). TRAEs
in $2% of patients were headache and constipation.
Frequencies of cardiac TEAEs were similar across groups, with
QT prolongation (1.6%), tachycardia (1.1%), and dyspnea
(0.9%) the most common. Serious cardiac TEAEs were rare.
Conclusion. NEPA was well-tolerated, with an AE profile as
expected for the regimen. Sample size, demographic charac-
teristics, studydesign, chemotherapy, and antiemetic regimen
differences across the four studies may have contributed to
differences in frequenciesofneutropeniaandalopecia.Adding
an NK1RA to a CINV prophylaxis regimen can improve
outcomes without additional toxicity. The Oncologist 2016;
21:494–502

Implications forPractice:Supportive care forcancer should ideallybeefficacious, convenient, andwell-tolerated.Therehavebeen
concernsaboutcardiacsafetywithcurrentantiemeticprophylacticagents,namelydolasetronandondansetron.Thispooledsafety
analysis demonstrates that the new oral fixed combination therapy NEPA can be safely added to an antiemetic regimen without
increased toxicity.

INTRODUCTION

Chemotherapy-induced nausea and vomiting (CINV) can
significantly interferewithapatient’s qualityof life aswell as
a patient’s compliance with anticancer therapy [1]. Ide-
ally, the optimal approaches to cancer supportive care are
efficacious, convenient to administer, and well-tolerated.
The current antiemetic standard of care for patients
receiving highly emetogenic (including anthracycline-
cyclophosphamide [AC]-based) chemotherapy involves ther-
apy with a 5-hydroxytryptamine-3 receptor antagonist

(5-HT3RA), a neurokinin-1 receptor antagonist (NK1RA),
and a corticosteroid [1].

5-HT3RAs [2, 3] and NK1RAs [4–6] are generally well-
tolerated when given for CINV prevention, but there have
been concerns about cardiac effects with some 5-HT3RAs.
Intravenous formulations of the 5-HT3RAs dolasetron [7] and
ondansetron [8] have been associated with electrocardio-
gram (ECG) abnormalities, including corrected QT interval
(QTcI) prolongation. Because of these effects, intravenous
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(i.v.) dolasetron is no longer indicated for CINV, and i.v.
ondansetron for CINV prevention has been restricted to a
maximum of 16 mg per dose [8]. The effect of palonosetron
(PALO) on ECG measures has been studied in both healthy
volunteers [9] and cancer patients [10–12]. Two of the trials
found significant differences in heart rate (HR) after admin-
istration of PALO compared with baseline [10, 12], but no HR-
corrected cardiac measures significantly differed. All of the
studies concluded that PALO does not result in any clinically
significant cardiac changes and is safe to administer.

NEPA is a single-dose, oral, fixed combination of the
highly selective NK1RA, netupitant (NETU), and the phar-
macologically [13] and clinically [14] distinct 5-HT3RA,
PALO. NEPA was developed to improve antiemetic control
and guideline adherence by enhancing the convenience of
administering antiemetic prophylaxis targeted at dual
molecular pathways involved in emesis. Recently, NEPA
was shown to be superior to oral PALO for prevention of
CINV during a single-cycle study in highly emetogenic
chemotherapy (HEC) [15], aswell as in amultiple-cycle study
in AC-based moderately emetogenic chemotherapy (MEC) [6,
16]. Studies have also shown NEPA to be well-tolerated over
multiple cycles of MEC and HEC [16, 17].

Because of the concerns about cardiac toxicity raised with
the aforementioned antiemetics, the cardiac safety of combi-
nation therapy with NETU and PALO has been previously
investigated. An International Conference on Harmonisation
of Technical Requirements for Registrationof Pharmaceuticals
for Human Use E14 QT trial conducted in healthy volunteers
found no signals for effects on QTcI, HR, PR interval, or QRS
interval compared with placebo [18]. The primary goal of this
analysis is to document the safety profile of this new
antiemetic combination and to confirm that no significant
cardiac effects are associated with its administration in the
oncology setting.

MATERIALS AND METHODS

The objective of this integrated summary of safety is to
describe the general and cardiac safety and tolerability of
a single oral dose of NEPA 1 dexamethasone (DEX)
compared with oral/i.v. PALO 1 DEX and with aprepitant
(APR) 1 PALO/ondansetron (OND) 1 DEX during initial and
repeated cycles of both MEC and HEC. The analysis is based
on pooled adverse event (AE) and ECG data from 3,280
patients (9,348 chemotherapy cycles) who participated in
4 randomized, double-blind, multinational clinical trials. Of
the 4 studies, 2 were single-cycle [15, 19] and 2 were
multicycle [6, 16, 17].

Patients assigned to the NEPA treatment group received
NEPA 1 DEX before HEC or MEC on day 1. For patients
receiving HEC, DEX was also administered on days 2–4.
Comparators in three of the trials included oral PALO 0.50
mg1DEXorAPR1PALO/OND1DEX.Oneof the trialswas a
dose-ranging study that compared different doses of NETU
in combination with PALO, and another compared oral and
i.v. PALO. In all 4 studies, patientswere not allowed to receive
any drug with potential antiemetic efficacy within 24 hours
before day 1 or systemic corticosteroids within 72 hours
before day 1. A different steroid dosing was permitted in
study 3only if associatedwith taxane therapy. Patients in the

NEPAstudieswerenotpermittedto receiveCYP3A4substrates
or inhibitorswithin 1week; to receive CYP3A4 inducerswithin
4 weeks; or to have long-term use of any CYP3A4 substrates,
inhibitors, or inducers before day 1. Patients in the NEPA
studies were also excluded if they had any history of serious
cardiovasculardiseaseorpredisposition to cardiac conduction
abnormalities, with the exception of incomplete right bundle-
branch block [6, 15–17, 19].

The individual study results were previously pub-
lished (study 1, no registry number available [15]; study 2,
NCT01339260 [6, 16]; study 3, NCT01376297 [17]; study 4,
NCT01363479 [19]), and the study designs are summarized
in Table 1. All the original studies were approved by ethical
review committees for each study center; all patients
provided written informed consent; and all study sites
followed Good Clinical Practice, International Conference
on Harmonization, and Declaration of Helsinki principles,
local laws, and regulations.

Statistical Analysis
Data from the aforementioned studies were pooled into an
integrated summary of safety that was conducted post hoc.
The safety population for the summary was defined as the
total of the safety populations of the single studies and
included all patients who had received at least one study
treatment. For all safety analyses, patients were included in
treatment groups on the basis of what they actually
received. Data for NEPA doses of 100, 200 (study 1 only),
and 300 mg (studies 1, 2, and 3) were combined into the
NEPA1 DEX group; data for PALO given orally (studies 1, 2,
and 4) and via i.v. route (study 4 only) were combined into
the i.v./oral PALO1 DEX group; and data for APR given with
OND (study 1) or PALO (study 3)were combined into the APR1
OND/PALO1 DEX group.

Safety was assessed by descriptive statistics and is
displayed as the number and frequency of treatment-
emergent AEs (TEAEs) and treatment-related AEs (TRAEs)
by treatment group.TEAEswere defined as any AE reported
after the administration of the first study drug. TRAEs were
AEs deemed possibly, probably, or definitely related to
study drug by the investigator. TEAEs were coded by using
MedDRA, version 14.0 (MedDRA MSSO, McLean, Virginia;
https://www.meddra.org/).To identify common TEAEs and
TRAEs, additional tables display only TEAEs that occurred in
$5% and those TRAEs that occurred in $2% of patients in
any treatment group, respectively. Frequencies of AEs are
also provided with 95% confidence intervals (CIs) for
percentages of patients, calculated by using the Wilson
score method.

In all 4 studies, 12-lead ECGwas performed at each cycle:
screening; predose; and 5, 24, and 120 hours after study
drug administration. ECG recordings were centrally evalu-
ated and interpreted by a blinded cardiologist. Descriptive
statistics for observed values and changes from baseline
were calculated for ECGmeasures, includingHR, PR interval,
QRS interval, QT interval, QT interval corrected for HR
according to Bazett’s formula, and QT interval corrected for
HR according to Fridericia’s formula (QTcF). In addition, the
numbers and percentages of patients with new QTcF values
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.500 milliseconds and with a QTcF increase .60 millisec-
onds from baseline were calculated.

Pooling data from these four studies can lead to certain
limitations because of the different study objectives, patient
populations enrolled (e.g., number of patients enrolled, gender
distribution, and study locations), different study durations
(i.e., number of exposures to each antiemetic regimen), and
different chemotherapy and antiemetic regimens used. These
limitations should be considered when interpreting the results
of this integrated analysis.

RESULTS

A majority of the 3,280 patients included in the safety
analysis were female (68%), white (86%), and younger than
65 years of age (81%). Patient demographic characteristics
in each study varied, with fewer women in studies 1 and 4
(43% and 41%, respectively) [15, 19], a high percentage of
women in study 2 (98%) [16], and the same percentage of
men and women in study 3 [17]. Although most patients in
thepooledNEPAandPALOgroupswere female, 53.8%of the
APR group was male (Table 2).

The percentages of patients with at least one TEAE in cycle
1 and in all cycles were similar in all three groups, with slightly
higher percentages in the NEPA group. The percentages of
patients reporting TRAEs were also similar, with the lowest
seen in the PALO group. The incidence of serious TEAEs was
similar across treatment groups during all cycles, and few
patients in any group experienced AEs that led to discontin-
uation or death (Table 3).

The most commonly reported TEAEs (reported by $5%
of patients in any treatment group) in cycle 1were consistent
with those expected with the toxic effects of chemotherapy
and disease-related processes.These includedhematological
events, such as neutropenia, as well as hair loss and general
weakness (Table 4). For all cycles of chemotherapy, a similar
pattern was observed with the most commonly reported
TEAEs across all treatment groups; TEAEs did not increase
over multiple cycles (Table 5). The only TRAEs reported
by$2% of patients in any treatment group for cycle 1 or all
cycleswereheadacheandconstipation.Therewasa relatively
low incidence of treatment-emergent constipation (4.0%
with NEPA, 4.4% with PALO, and 3.4% with APR) and

Table 1. Study designs

Study
[Reference] Design

Patients/
chemotherapy NEPA dose(s) Comparator Study objective

Study 1 [15] Phase II, single-cycle,
double-blind,
double-dummy,
randomized,
multicenter,
dose-ranging,
parallel-group

• n5 679
• Chemotherapy-näıve
• Cisplatin-based HEC
• Single cycle

Day 1: oral PALO 0.50
mg1 oral DEX
12mg1NETU 100mg
(n5 135), NETU 200
mg (n5 138), NETU
300 mg (n5 136)
Days 2–4: oral DEX 4
mg b.i.d.

• Day 1: oral PALO
0.50 mg1 oral DEX
20 mg1 placebo
Days 2–4: oral DEX 8
mg b.i.d. (n5 136)
• Day 1: oral APR 125
mg1 i.v. OND 32 mg
1 oral DEX 12 mg
Days 2–3: oral APR 80
mg in morning1 oral
DEX 4 mg b.i.d.
Day 4: oral DEX 4 mg
b.i.d. (exploratory)
(n5 134)

Identify best dose of
NETU1 PALO
(demonstrate
superiority vs. oral
PALO)

Study 2 [6, 16] Phase III, multicycle,
double-blind,
double-dummy,
randomized,
multicenter,
parallel-group

• n5 1,450 (first cycle)
and 1,286
(multiple-cycle
extension)
• Chemotherapy-näıve
• AC-based MEC
• 5,969 cycles

Day 1: oral NEPA
(NETU 300 mg/PALO
0.50mg)1oralDEX12
mg (n5 725; 2,983
cycles)

• Day 1: oral PALO
0.50 mg1 oral DEX
20mg (n5 725; 2,986
cycles)

Demonstrate
superiority of NEPA
over oral PALO

Study 3 [17] Phase III, multicycle,
double-blind,
double-dummy,
randomized 3:1,
multicenter,
parallel-group

• n5 412
• Chemotherapy-näıve
•MEC or HEC
• 1,961 cycles

Day 1: oral NEPA
(NETU 300 mg/PALO
0.50 mg)1 oral DEX
12 mg (n5 308;
1,446 cycles)
HEC only: days 2–4:
oral DEX 8 mg in
morning

• Day 1: oral APR
125 mg1 oral PALO
0.50 mg1 oral DEX
12 mg (n5 104; 515
cycles) Days 2–3: oral
APR 80mg inmorning
• HEC only: days 2–4:
oral DEX 8 mg in
morning

Assess multicycle
safety and describe
efficacy

Study 4 [19] Phase III, single-cycle,
double-blind,
randomized,
multicenter,
parallel-group

• n5 739
• Chemotherapy-näıve
• Cisplatin-based HEC
• Single cycle

Not applicable Day 1: oral DEX 20 mg
1 oral PALO 0.50 mg,
i.v. PALO 0.25 mg
Days 2–4: oral DEX
8 mg b.i.d. (n5 739)

Demonstrate
noninferiority of oral
PALO vs. i.v. PALO

Thenvaluesdenote thenumberof patients included in the safetypopulation.APR,NEPA,NETU, andPALOwereadministered60minutes beforeandDEX
was administered 30 minutes before chemotherapy on day 1. OND was administered as a 50-mL infusion over at least 15 minutes before highly
emetogenic chemotherapy (HEC) [6, 15, 17].
Abbreviations:AC, anthracycline-cyclophosphamide;AM,morning;APR, aprepitant;DEX,dexamethasone;HEC,highlyemetogenic chemotherapy;MEC,
moderately emetogenic chemotherapy; NEPA, netupitant1 palonosetron combination therapy; NETU, netupitant; OND, ondansetron; PALO,
palonosetron.
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treatment-related constipation (1.9%, 1.8%, and 0.8%, respec-
tively) across all treatment groups in cycle 1. This pattern
continued throughout all cycles.

Of the 61.7% of patients (2,024 of 3,280) who experienced
a TEAE across all treatment groups in cycle 1, most reported
them to be of mild (27.4% [900 of 3,280]) or moderate (24.5%
[803 of 3,280]) intensity rather than severe (9.8% [320 of

3,280]).The frequencies of mild, moderate, and severe events
were similar across the treatment groups (Table 6).

Similar frequencies of cardiac AEs were reported through-
out all cycles in all the treatment groups: 174 (12.1%) in
the NEPA group, 139 (8.7%) in the PALO group, and 32 (13.4%)
in the APR group. The most common cardiac TEAEs in all
groups were QTprolongation (1.6%), tachycardia (1.1%), and

Table 2. Patient demographic characteristics

Characteristic
NEPA1 DEX (all doses)
(n5 1,442; 4,838 cycles)

i.v./oral PALO1 DEX
(n5 1,600; 3,861 cycles)

APR1 OND/PALO1 DEX
(n5 238; 649 cycles)

Gender, n (%)

Male 401 (27.8) 528 (33.0) 128 (53.8)

Female 1,041 (72.2) 1,072 (67.0) 110 (46.2)

Median age, yr 55.0 56.0 57.0

Age category

,65 yr 1,185 (82.2) 1,272 (79.5) 187 (78.6)

$65 yr 257 (17.8) 328 (20.5) 51 (21.4)

$75 yr 24 (1.7) 40 (2.5) 6 (2.5)

Race/ethnicity, n (%)

White 1,240 (86.0) 1,357 (84.8) 221 (92.9)

Asian 149 (10.3) 199 (12.4) 17 (7.1)

Hispanic/Latino 47 (3.3) 38 (2.4) 0

Other 6 (0.4) 6 (0.4) 0

Abbreviations: APR, aprepitant; DEX, dexamethasone; NEPA, netupitant1palonosetron combination therapy; OND, ondansetron; PALO, palonosetron.

Table 3. Overview of adverse events

AEs

Cycle 1 All cyclesa

NEPA1 DEX
(all doses)
(n5 1,442)

i.v./oral PALO1
DEX (n5 1,600)

APR1OND/PALO
1 DEX (n5 238)

NEPA1 DEX
(all doses)
(n5 1,442;
4,838 cycles)

i.v./oral PALO
1DEX (n5 1,600;
3,861 cycles)

APR1 oral
PALO1 DEX
(n5 238;
649 cycles)

TEAEs 944 (65.5) 945 (59.1) 135 (56.7) 1,127 (78.2) 1,080 (67.5) 166 (69.7)

95% CI 63.0–67.9 56.7–61.5 50.3–62.8 76.0–80.3 65.2–69.8 63.6–75.2

TRAEs 138 (9.6) 105 (6.6) 29 (12.2) 194 (13.5) 134 (8.4) 32 (13.4)

95% CI 8.2–11.2 5.5–7.9 8.6–17.0 11.8–15.4 7.1–9.9 9.6–18.3

Serious TEAEs 33 (2.3) 87 (5.4) 4 (1.7) 87 (6.0) 99 (6.2) 19 (8.0)

95% CI 1.6–3.2 4.4–6.6 0.7–4.3 4.9–7.3 5.1–7.5 5.2–12.2

Serious TRAEs 2 (0.1) 2 (0.1) 0 3 (0.2) 2 (0.1) 0

95% CI 0.0–0.4 0.0–0.4 0.0–1.6 0.1–0.6 0.0–0.4 0.0–1.6

TEAEs leading to
discontinuation

14 (1.0) 6 (0.4) 4 (1.7) 44 (3.1) 20 (1.3) 13 (5.5)

95% CI 0.6–1,7 0.2–0.8 0.7–4.3 2.3–4.1 0.9–2.0 3.2–9.2

TRAEs leading to
discontinuation

2 (0.1) 2 (0.1) 0 2 (0.1) 4 (0.3) 0

95% CI 0.0–0.4 0.0–0.4 0.0–1.6 0.0–0.4 0.1–0.7 0.0–1.6

TEAEs leading to death 8 (0.6) 20 (1.3) 0 17 (1.2) 21 (1.3) 1 (0.4)

95% CI 0.3–1.2 0.9–2.0 0.0–1.6 0.8–1.9 0.9–2.0 0.1–2.3

TRAEs leading to death 0 0 0 0 0 0

95% CI 0.0–0.3 0.0–0.2 0.0–1.6 0.0–0.3 0.0–0.2 0.0–1.6

Unless otherwise noted, values are n (%).
aAll cycles5 cycle 1 from all single and multicycle trials1 cycles 2 and beyond from the multicycle trials.
Abbreviations: AEs, adverse events; APR, aprepitant; CI, confidence interval; DEX, dexamethasone; NEPA, netupitant1 palonosetron combination
therapy; OND, ondansetron; PALO, palonosetron; TEAE, treatment-emergent AE (any AE reported after first study drug intake); TRAE, treatment-related
AE (any AE deemed possibly, probably, or definitely related to study drug).
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dyspnea (0.9%). Serious cardiac TEAEs were rare and similar
across treatment groups, and mean changes from baseline
in ECG measures (HR, PR interval, QRS interval, QT interval,
QT interval corrected for HR according to Bazett’s formula,
and QTcF) were small and also generally similar across
treatment groups at each time point. Mean QTcF values
returned to baseline or lower at 120 hours. Overall, a low
percentage of patients experienced QTcF .500 millisec-
onds or increases .60 milliseconds from baseline or same
cycle predose in all 3 groups (Table 7).

DISCUSSION

In the 3,280 patients whose data are presented in this
integrated summary, NEPA was generally well-tolerated.
The AE profile was as expected for this drug regimen and
consistent with the administration of cytotoxic chemo-
therapy. Most TEAEs were of mild or moderate intensity,
with alopecia and hematological events being among the
most frequent. Alopecia and neutropenia, which are more
prevalent with AC-based chemotherapy regimens, were
more often reported in the NEPA and PALO groups. This
was likely due to the difference in sample size and the fact
that the APR regimen was not included in the large trial

with AC-based chemotherapy. The incidence of TRAEs
was low; the most common TRAEs were headache and
constipation, which are typical for these drug classes, but
were reported rarely in these studies. These findings are
consistent with other antiemetic trials that concentrate on
rare, serious AEs (SAEs).

A meta-analysis by Popovic et al. [20] comparing PALO to
other 5-HT3RAs (i.e., OND, granisetron [GRA], and dolasetron)
in HEC and MEC settings showed similarities between safety
profiles. The most common TRAEs consisted of constipation
(odds ratio [OR]: 0.80; 95%CI: 0.63–1.01), headache (OR: 1.10;
95%CI: 0.84–1.44), anddiarrhea (OR:1.82; 95%CI: 0.74–4.53).
PALO-treated patients had less dizziness (OR: 2.15; 95% CI:
1.05–4.41).

In a systematic review comparing other NK1RAs (i.e., APR,
casopitant, and ezlopitant), hiccups and fatigue occurred
more commonly in patientswho receivedNK1RA therapy and
constipation was more common in patients who received
standard dual antiemetic therapy [21]. Of note, the incidence
of neutropenia and infection-related SAEs was higher with
APR [21], although that may have been due to increased
plasma levels of DEX from a drug interaction with APR, per a
study by Chawla et al. [22] and as demonstrated by McCrea
et al. [23].More recent clinical trials [4, 24–26] evaluating the
efficacy of three-drug antiemetic therapy with APR found
safetyprofiles similar to that in the currentanalysis. In a study
by Miura et al. [4], chemotherapy-naı̈ve lung cancer patients
receiving cisplatin-basedHECwere given antiemetic therapy,
including APR, PALO, and DEX. The most common AEs
associated with this therapy were constipation and diarrhea.
A similar study in gastric cancer patients receiving APR, GRA,
and DEX [24] found that this antiemetic regimen was also
well-tolerated, with such TRAEs as anorexia, diarrhea,
hiccups, and constipation.

A study conducted in chemotherapy-naı̈ve Chinese
patients also receiving cisplatin-based HEC [25] compared
an APR regimen (APR1GRA1 DEX) with standard therapy
(placebo 1 GRA 1 DEX). AEs were similar in frequency in
both groups (40.0% with APR compared with 44.3% with
standard therapy) and included fatigue, dizziness, anemia,
insomnia, upper abdominal pain, and noncardiac chest
pain,most of whichwere similar between the groups.There
were also similar incidences of TRAEs with APR (11.7%) and
standard therapy (13.3%). A recent study by Choi et al.
evaluated therapy with APR, ramosetron, and DEX in
patients receiving MEC with paclitaxel and carboplatin
[26]. This study found the most common AEs to be
constipation and headache. The investigators also reported
at least one TRAE in 38.9% of patients, 4 cases of infection, 2
cases of neutropenic fever, and 30 cycles (6.5%) of grade 3 or 4
hematologic toxicities.

Similar results have been found with the NK1RA
rolapitant. A phase II clinical trial with rolapitant in pa-
tients receiving cisplatin-based HEC found that TRAEs were
mild and that SAEs were similar across all treatment groups
and were related to chemotherapy or the underlying
cancer [27]. The safety of rolapitant was further investi-
gated in two phase III studies [28] involving patients
receiving MEC or AC-based chemotherapy [29] and HEC
[30]. The incidences of AEs for MEC (63.9% with rolapitant

Table 4. Treatment-emergent ($5%) and treatment-related

($2%) adverse events in cycle 1

Adverse
events

NEPA1 DEX
(all doses)
(n5 1,442)

i.v./oral
PALO1 DEX
(n5 1,600)

APR1 OND/
PALO1 DEX
(n5 238)

TEAEs$5%

Alopecia 294 (20.4) 266 (16.6) 10 (4.2)

95% CI 18.4–22.6 14.9–18.5 2.3–7.6

Neutropenia 221 (15.3) 231 (14.4) 13 (5.5)

95% CI 13.5–17.3 12.8–16.2 3.2–9.2

Leukopenia 137 (9.5) 106 (6.6) 11 (4.6)

95% CI 8.1–11.1 5.5–7.9 2.6–8.1

Asthenia 97 (6.7) 122 (7.6) 17 (7.1)

95% CI 5.5–8.1 6.4–9.0 4.5–11.1

Headache 96 (6.7) 91 (5.7) 13 (5.5)

95% CI 5.5–8.1 4.7–6.9 3.2–9.2

Fatigue 79 (5.5) 66 (4.1) 13 (5.5)

95% CI 4.4–6.8 3.2–5.2 3.2–9.2

Decreased
appetite

51 (3.5) 76 (4.8) 13 (5.5)

95% CI 2.7–4.6 3.9–6.0 3.2–9.2

Diarrhea 33 (2.3) 33 (2.1) 13 (5.5)

95% CI 1.6–3.2 1.5–2.9 3.2–9.2

TRAEs$2%

Headache 32 (2.2) 32 (2.0) 4 (1.7)

95% CI 1.6–3.1 1.4–2.8 0.7–4.3

Unless otherwise noted, values are n (%).
Abbreviations: APR, aprepitant; CI, confidence interval; DEX,
dexamethasone; NEPA, netupitant1 palonosetron combination
therapy; OND, ondansetron; PALO, palonosetron; TEAE,
treatment-emergent adverse event (any AE reported after first study
drug intake); TRAE, treatment-related adverse event (any AE deemed
possibly, probably, or definitely related to study drug).
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vs. 66.0% with control) and HEC (64.7% vs. 60.2%,
respectively). In addition, SAEs for MEC (6.6% vs. 7.1%,
respectively) and HEC (12.5% vs. 14.2%, respectively) were
similar across groups in cycle 1. The most common AEs in
both groups for MEC were fatigue, constipation, and
alopecia; for HEC they were constipation, asthenia, and
neutropenia. The most common SAEs in the MEC and HEC
studies were febrile neutropenia, neutropenia, neutrophil
count decrease, and thrombocytopenia.

An important objective of this pooled safety analysis
was to ensure that no significant cardiac effects were
associated with the NEPA combination therapy. In this
analysis, cardiac AEs and changes in ECG measures were
similar in all groups, with a low incidence of serious cardiac

TEAEs, indicating an acceptable cardiac safety profile. Few
patients experienced QTcF.500 milliseconds or increases
.60milliseconds frombaseline across all 3 groups. Patients
in the NEPA studies were excluded if they had any history of
serious cardiovascular disease or predisposition to cardiac
conduction abnormalities, which may have affected these
results.

A previous study with NEPA in healthy volunteers did
not find any signals for effects on QTcI, HR, PR interval, or
QRS interval compared with placebo, even at suprather-
apeutic doses [18]. Other studies in patients receiving PALO
for CINV also found no evidence of cardiac effects from
therapy. A study by Yavas et al. in 76 patients revealed
a higher median minimal QT interval value after PALO

Table 5. Treatment-emergent ($5%) and treatment-related ($2%) adverse events in all cycles

Adverse events
NEPA1 DEX (all doses)
(n5 1,442; 4,838 cycles)

i.v./oral PALO1 DEX
(n5 1,600; 3,861 cycles)

APR1 oral PALO1
DEX (n5 238; 649 cycles)

TEAEs$5%

Alopecia 476 (33.0) 407 (25.4) 32 (13.4)

95% CI 30.6–35.5 23.3–27.6 9.6–18.3

Neutropenia 390 (27.0) 366 (22.9) 30 (12.6)

95% CI 24.8–29.4 20.9–25.0 9.0–17.4

Leukopenia 235 (16.3) 189 (11.8) 18 (7.6)

95% CI 14.5–18.3 10.3–13.5 4.9–11.7

Asthenia 166 (11.5) 163 (10.2) 25 (10.5)

95% CI 10.0–13.2 8.8–11.8 7.2–15.0

Headache 135 (9.4) 128 (8.0) 19 (8.0)

95% CI 8.0–11.0 6.8–9.4 5.2–12.2

Fatigue 133 (9.2) 100 (6.3) 20 (8.4)

95% CI 7.8–10.8 5.2–7.6 5.5–12.6

Anemia 126 (8.7) 81 (5.1) 26 (10.9)

95% CI 7.4–10.3 4.1–6.3 7.5–15.5

Constipation 86 (6.0) 99 (6.2) 14 (5.9)

95% CI 4.9–7.3 5.1–7.5 3.5–9.7

Decreased appetite 86 (6.0) 102 (6.4) 16 (6.7)

95% CI 4.9–7.3 5.3–7.7 4.2–10.6

Diarrhea 83 (5.8) 53 (3.3) 25 (10.5)

95% CI 4.7–7.1 2.5–4.3 7.2–15.0

Hyperglycemia 75 (5.2) 70 (4.4) 7 (2.9)

95% CI 4.2–6.5 3.5–5.5 1.4–5.9

Nausea 72 (5.0) 79 (4.9) 15 (6.3)

95% CI 4.0–6.2 3.9–6.1 3.9–10.1

Thrombocytopenia 62 (4.3) 35 (2.2) 16 (6.7)

95% CI 3.4–5.5 1.6–3.0 4.2–10.6

TRAEs$2%

Headache 46 (3.2) 42 (2.6) 4 (1.7)

95% CI 2.4–4.2 1.9–3.5 0.7–4.3

Constipation 39 (2.7) 40 (2.5) 3 (1.3)

95% CI 2.0–3.7 1.8–3.4 0.4–3.7

Unless otherwise noted, values are n (%). All cycles5 cycle 1 from all phase II/III single- andmulticycle trials1 cycles 2 and beyond from themulticycle
trials.
Abbreviations: APR, aprepitant; CI, confidence interval; DEX, dexamethasone; NEPA, netupitant1 palonosetron combination therapy; OND,
ondansetron; PALO, palonosetron; TEAE, treatment-emergent adverse event (any AE reported after first study drug intake); TRAE, treatment-related
adverse event (any AE deemed possibly, probably, or definitely related to study drug).
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administration, which was not statistically significant [11].
Another study by Dogan et al. among 50 patients receiving
PALO showed that minimum and maximum QT intervals
increased significantly, but there were no significant
changes in any HR-corrected measures [12]. Gonullu et al.
also showed a significant decrease in HR (p , .001) and
increase in PR distances (p , .001), but not in any other
intervals [10]. The above-mentioned meta-analysis by
Popovic et al. found that increases in the weighted mean
corrected QT interval were significantly lower (p 5 .002)
with PALO (2.45 milliseconds in 1,213 patients) when
compared with other 5-HT3RAs (5.13 milliseconds in 604
patients) in patients receiving HEC and MEC [20]. The
results from this analysis further support the findings of
these previous studies and indicate that NEPA does not
increase the risk for cardiac adverse events, including
prolongation of QT interval.

Although this integrated summary was able to evaluate
the safety of 3-drug and 2-drug antiemetic regimens in
3,280 patients for 9,348 cycles, the results were pooled
from 4 separate clinical trials involving different pa-
tient populations and study designs and using different
chemotherapy and antiemetic regimens. In particular, the
number of patients enrolled in each study ranged from 412

in study 3 to 1,450 in study 2, and only studies 2 and 3
treated patients over multiple cycles. This led to reduced
exposure to the APR regimen in the integrated analysis
(238 patients in 649 cycles). The pooled NEPA group had
the most exposure, with 4,838 cycles. The proportion of
female patients was much higher in study 2 (98% vs. 43%,
50%, and 41% in studies 1, 3, and4, respectively) becauseof
the high number of patients with breast cancer, and lower
percentages were assigned to receive APR in studies 1
(44%) and 3 (49%). This resulted in a lower percentage of
women in the integrated APR treatment group (46% vs.
72% for NEPA and 67% for PALO) andmay have contributed
to the increased incidence of alopecia in the NEPA (20% in
cycle 1 and 33% in all cycles) and PALO (17% and 25%,
respectively) groups compared with the incidence in the
APR group (4% and 13%, respectively).

Of the four studies, study 1 was the only one not
conductedworldwide; it also had a lower incidence of TEAEs
in the NEPA groups (47%) compared with study 2 (76% in
cycle 1) and study 3 (86%). Chemotherapy regimens varied:
Patients received cisplatin-based HEC in studies 1 and 4,
AC-basedMEC in study 2, andnon-AC-basedMECandHEC in
study 3. This may have affected the chemotherapy-related
AEs observed in the trials. In addition, study 1 was a phase II

Table 6. Intensity of treatment-emergent adverse events in cycle 1

Intensity
NEPA1 DEX (all doses)
(n5 1,442)

i.v./oral PALO1 DEX
(n5 1,600)

APR1 OND/PALO1 DEX
(n5 238)

Mild 421 (29.2) 418 (26.1) 61 (25.6)

95% CI 26.9–31.6 24.0–28.3 20.5–31.5

Moderate 372 (25.8) 378 (23.6) 53 (22.3)

95% CI 23.6–28.1 21.6–25.7 17.5–28.0

Severe 150 (10.4) 149 (9.3) 21 (8.8)

95% CI 8.9–12.1 8.0–10.8 5.8–13.1

Unless otherwise noted, values are n (%).
Abbreviations: APR, aprepitant; CI, confidence interval; DEX, dexamethasone; NEPA, netupitant1 palonosetron combination therapy; OND,
ondansetron; PALO, palonosetron.

Table 7. Changes in QT interval corrected for heart rate according to Fridericia’s formula interval and outlier analysis in cycle 1

QTcF data
NEPA1 DEX (all doses)
(n5 1,442)

i.v./oral PALO1 DEX
(n5 1,600)

APR1 OND/PALO1 DEX
(n5 238)

Baseline reference value (ms) 409.26 19.86 410.56 20.26 409.16 20.71

5 hr postdose (ms) 420.86 21.53 421.56 21.07 418.06 22.54

Change from baseline (ms) 11.56 16.78 11.06 16.76 9.26 16.63

New values.500 ms 1 (0.1) 0 0

Increase by.60 ms 2 (0.1) 4 (0.3) 2 (0.8)

24 hr postdose (ms) 419.86 22.74 419.06 21.79 416.06 21.31

Change from baseline (ms) 10.66 18.85 8.66 18.52 7.26 16.05

New values.500 ms 2 (0.1) 1 (0.1) 0

Increase by.60 ms 5 (0.3) 9 (0.6) 1 (0.4)

120 hr postdose (ms) 407.36 20.56 410.46 21.08 406.56 20.41

Change from baseline (ms) 21.96 17.15 20.26 18.68 22.36 16.92

New values.500 ms 0 0 0

Increase by.60 ms 3 (0.2) 2 (0.1) 1 (0.4)

Unless otherwise noted, values are n (%).
Abbreviations:AE,adverseevent;APR,aprepitant;DEX,dexamethasone;ms,milliseconds;NEPA,netupitant1palonosetroncombinationtherapy;OND,
ondansetron; PALO, palonosetron; QTcF, QT interval corrected for heart rate according to Fridericia’s formula.
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dose-ranging studyevaluating threedifferentdoses ofNETU
in combination with PALO, and study 4 did not evaluate
therapy with NETU at all. These studies also had different
objectives, with safety being a primary objective only in
study 3. Safety assessments were similar in all four trials;
however, the differences in primary objectives may have
contributed to a bias in data collection [15–17, 19].

Medications with the potential for drug-drug interac-
tions with NETU were not allowed in the studies included in
this analysis. Drug-drug interactions with NEPA have been
previously evaluated in clinical trials [31]. NETU is mainly
metabolized by CYP3A4 and is a moderate inhibitor of
CYP3A4. Concomitant use with a chronic strong CYP3A4
inducer should be avoided because it can decrease the
efficacy of NEPA. A strong CYP3A4 inhibitor can significantly
increase systemic exposure to NETU, although dose adjust-
ments are not required for a single dose of NEPA. NEPA can
increase plasma concentrations of CYP3A4 substrates and so
should be used with caution in patients receiving medica-
tions primarily metabolized through CYP3A4, including DEX,
midazolam, and relevant chemotherapeutic agents [31].

CONCLUSION
Combining an NK1RA and a 5-HT3RA into one oral dosage
form can make administration of antiemetic therapy more
convenient for patients and can promote greatermedication
compliance and guideline adherence. More important, this
combined safety analysis showed no signs of any increased
toxicity with the addition of an NK1RA (netupitant or APR) to
two-drug antiemetic regimens consisting of a 5-HT3RA and a
corticosteroid.The individual studies also found that therapy
with NEPA provided significantly improved CINV prevention
comparedwithPALO[6,15] andsimilarpreventioncompared

with APR [17]. This analysis demonstrates that NK1RAs
contribute to increased prevention of emesis without
additional AEs and that NEPAmay be a beneficial option for
patients.
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For Further Reading:
Matti Aapro, Alexandra Carides, Bernardo L. Rapoport et al. Aprepitant and Fosaprepitant: A 10-Year Review of Efficacy and
Safety. The Oncologist 2015;20:450-458.

Implications for Practice:
Aprepitant (and its prodrug fosaprepitant) is a neurokinin-1 receptor antagonist approved more than a decade ago for the
preventionofchemotherapy-inducednauseaandvomiting(CINV). Itsalternativemechanismofactioncomplementstraditional
antiemetic drugs, enhancing control of CINV. This review examined safety and efficacy data for aprepitant and fosaprepitant
accumulated since the first regulatory approval and explores recommendations in current guidelines for their use.The review
serves as a useful reminder for the practitioner that aprepitant and fosaprepitant are valuable additions to the therapeutic
armamentarium for the prevention of CINV. Future perspectives on potential uses of aprepitant and fosaprepitant for
indications other than CINV are discussed.
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