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Combination antiemetic regimens targeting multiple molecular pathways associated with emesis have become the standard
of care for prevention of chemotherapy-induced nausea and vomiting (CINV) related to highly and moderately emetogenic
chemotherapies. Antiemetic consensus guidelines from several professional societies are widely available and updated regularly
as new data emerges. Unfortunately, despite substantial research supporting the notion that guideline conformity improves
CINV control, adherence to antiemetic guidelines is unsatisfactory. While studies are needed to identify specific barriers to
guideline use and explore measures to enhance adherence, a novel approach has been taken to improve clinician adherence and
patient compliance, with the development of a new combination antiemetic. NEPA is an oral fixed combination of a new highly
selective NK

1
receptor antagonist (RA), netupitant, and the pharmacologically and clinically distinct 5-HT

3
RA, palonosetron.

This convenient antiemetic combination offers guideline-consistent prophylaxis by targeting two critical pathways associated with
CINV in a single oral dose administered only once per cycle.This paper will review and discuss theNEPA data in the context of how
this first combination antiemetic may overcome some of the barriers interfering with adherence to antiemetic guidelines, enhance
patient compliance, and offer a possible advance in the prevention of CINV for patients.

1. Introduction

The pathophysiology of chemotherapy-induced nausea and
vomiting (CINV) is known to be a complex multifactorial
process involving numerous neurotransmitters and recep-
tors [1]. Consequently, combination antiemetic regimens
targeting multiple molecular pathways associated with eme-
sis have become the standard of care for prevention of
CINV in patients receiving moderately (MEC) or highly
emetogenic chemotherapy (HEC) [2–5]. The combination

of a 5-HT
3
receptor antagonist (RA) (targeting serotonin)

and dexamethasone (DEX) represents the foundation of
antiemetic prophylaxis for both MEC and HEC settings,
with the addition of a neurokinin-1 (NK

1
) RA (targeting

substance P), being uniformly recommended by antiemetic
guidelines when administering HEC or anthracycline-
cyclophosphamide (AC) chemotherapy [3–5].

Unfortunately, despite substantial research supporting
the fact that guideline conformity will improve CINV control
for patients, adherence to antiemetic guidelines is inadequate
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[6–9]. With the goal of improving the quality of care and
quality of life for cancer patients undergoing emetogenic
chemotherapy treatment, the Multinational Association of
SupportiveCare inCancer (MASCC), in particular, continues
to strive to educate clinicians on the importance and value of
appropriate antiemetic prophylaxis.While studies are needed
to identify specific barriers to guideline use within individual
clinics and hospitals and to explore measures that can be
taken to enhance adherence, an interesting approach has been
takenwith the development of a new combination antiemetic.

NEPA is an oral single dose, fixed combination agent,
containing a new highly selective NK

1
RA (netupitant) with

the pharmacologically and clinically distinct 5-HT
3
RA,

palonosetron (PALO), thereby offering guideline-consistent
prophylaxis while targeting two critical pathways associated
with emesis. Palonosetron was selected for the combination
over older generation 5-HT

3
RAs due to its distinctive phar-

macological properties [10, 11], its longer half-life compared
with older 5-HT

3
RAs, and its proven clinical efficacy [2, 12–

14]. Its ability to work synergistically with netupitant suggests
the potential to enhance prevention of delayed CINV when
used in combination [10, 11].

This paper will briefly discuss the current antiemetic
guideline recommendations and review the recently pub-
lished NEPA data and discuss how this first combination
antiemetic may overcome some of the barriers interfering
with adherence to antiemetic guidelines and improve preven-
tion of CINV for patients.

2. Updates to Antiemetic Guidelines,
Importance of Adherence, and
Consideration of Patient-Related
Risk Factors

Evidence-based guidelines for the prevention of CINV have
been developed by several international professional soci-
eties [MASCC, the European Society for Clinical Oncology
(ESMO), and the American Society of Clinical Oncology
(ASCO)]. The National Comprehensive Cancer Network
(NCCN) in the United States has also developed antiemetic
guidelines, and the same is true in many countries. These
guideline committees meet regularly to review and discuss
new data warranting revisions and updates to their rec-
ommendations [3–5]. While the guidelines of the various
organizations vary to some extent, they are all reasonably
consistent with their key recommendations (Table 1).

It is important to realize that antiemetic guideline com-
mittees continue to group their recommendations based
on the emetogenicity of the chemotherapy, notwithstanding
awareness of well-established patient-related risk factors that
increase patients’ emetic risk. These risk factors include
female gender, younger age, history of low alcohol intake,
motion sickness, experience of emesis during pregnancy,
anxiety, impaired performance status, and previous exposure
to chemotherapy [15–18].

Patients receiving treatment with a combination of an
anthracycline and cyclophosphamide may present a partic-
ularly challenging population not only due to the intrinsic

emetogenicity of this chemotherapy combination but also
because AC is commonly used in young, female breast
cancer patients. These patient-related factors of female gen-
der and younger age can add to the emetogenicity of the
chemotherapy. Recently, guideline groups either established
a separate category/recommendation for AC chemotherapy
(MASCC/ESMO) or reclassified AC from the previous cate-
gory of being moderately emetogenic to being highly emeto-
genic (ASCO/NCCN). Regardless of the specific approach to
classification, all committees now recommend that patients
receiving AC should receive the triplet combination of an
NK
1
RA plus 5-HT

3
RA plus dexamethasone (Table 1).

Whether or not guideline committees integrate patient-
related risk factors with chemotherapy emetogenicity, clin-
icians need to give patient risk factors consideration when
determining the optimal antiemetic prophylaxis for a given
patient [16].

Despite the fact that antiemetic guidelines are widely
available and data supports the notion that guideline con-
formity improves CINV control for patients [6, 7], clinical
utilization of guidelines remains unacceptably low. Recently,
Aapro and colleagues showed guideline adherence of only
29% in a large 1000-patient European observational study
[6]. Better CINV control and less utilization of health care
resources were also observed in patients receiving guideline-
consistent antiemetic prophylaxis, suggesting a clear need
for greater adherence to the guideline recommendations.
In a subsequent study conducted in US oncology prac-
tices, Gilmore and colleagues similarly showed adherence to
NCCN guidelines to be low, particularly in patients receiving
HEC (29% adherence HEC, 73% in MEC) [7]. As in the
Aapro study, adherence to guidelines was associated with
significantly better CINV control in HEC and MEC settings.
In a recent analysis of IMS Health Inc. data from 5 European
countries between January and December 2013, only about
12% of patients receiving HEC, 14% of patients receiving
AC, and 47% of patients receiving non-AC MEC were
prophylactically administered antiemetics in accordancewith
the MASCC/ESMO guidelines [19].

Inadequate adherence to practice guidelines is not spe-
cific to antiemetics; it is common across all fields of medicine
with numerous factors playing a role. A key aspect related to
utilizing guidelines is the behavior of the clinician, and often
changing behavior is difficult. Physician knowledge, clinician
and institutional education, attitudes toward guidelines, clin-
ician agreement with them, awareness of and familiarity with
them, lack of confidence in their ability to implement them,
and expectations may all impact use [20–22]. In addition,
in many countries local regulations do not allow access to
antiemetic agents recommended by international guidelines.
Only a small number of studies have evaluated approaches to
improving adherence with antiemetic guidelines, and some
were hindered by methodological shortcomings [23–26].
Nevertheless, some important messages can be derived from
these studies. Single approaches to addressing adherence have
little, if any, impact [21]. Multiple strategies need to be used
concurrently in order to improve adherence and implemen-
tation of antiemetic guidelines. These can include guideline
dissemination, use of opinion leaders, interactive educational
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Table 1: Key recommendations of antiemetic guideline groups.

Emetic risk
category

MASCC/ESMO (2010) [3] ASCO (2011) [4] NCCN (2014) [5]
Day 1 Days 2-3 Day 1 Days 2-3 Day 1 Days 2-3

High NK1 RA +
5-HT3 RA + DEX NK1 RA

a + DEX Same as
MASCC

Same as
MASCC

Same as MASCCc or
olanzapine + PALO +

DEX

NK1 RA
a + DEXd

or olanzapinee

AC NK1 RA +
5-HT3 RA + DEX NK1 RA

a Same as
MASCCb DEX + NK1 RA

a
Same as MASCCc or
olanzapine + PALO +

DEX

Same as MASCCd

or olanzapineg

Moderate PALO + DEX DEX Same as
MASCC

Same as
MASCC

Same as MASCCc or
NK1 RA + 5-HT3 RA +
DEXf (in select patients)

5-HT3 RA
h or DEX

Low
DEX or

5-HT3 RA or
DRA

No routine
prophylaxis DEX Same as

MASCC Same as MASCCi Same as MASCC

Minimal No routine
prophylaxis

No routine
prophylaxis

Same as
MASCC

Same as
MASCC Same as MASCC Same as MASCC

aNK1 RA (aprepitant) is given only if aprepitant was given on Day 1; if fosaprepitant was used then no follow-up NK1 RA is administered.
bAC is classified as highly emetogenic.
cPalonosetron is preferred 5-HT3.
dGiven on Days 2–4 (i.e., an additional day).
eIf olanzapine regimen was given on Day 1.
fAs per highly emetogenic recommendations an NK1 regimen should be administered with certain MEC agents (e.g., carboplatin, doxorubicin, epirubicin,
ifosfamide, irinotecan, and methotrexate).
gIf olanzapine was given on Day 1.
hOnly an option if a 5-HT3 other than PALO was used on Day 1.
iSpecifically metoclopramide or prochlorperazine.
AC: anthracycline cyclophosphamide; NK1 RA: neurokinin 1 receptor antagonist; 5-HT3 RA: serotonin receptor antagonist; DEX: dexamethasone; DRA:
dopamine receptor antagonist; PALO: palonosetron.

workshops, therapeutic reminders in the form of preprinted
orders, clinical interventions by pharmacists for inappropri-
ate antiemetic orders, and physician audit and feedback. A
key approach appears to be communication of patients’ CINV
outcomes to physicians. Patient-mediated approaches and
computerized decision-support systems may be promising
approaches to be utilized in the future, possibly in combina-
tion with the multifaceted strategies described above [16]. A
practical approach to better implementation of the guidelines
is crucially needed to improve antiemetic care and outcomes
for patients undergoing emetogenic chemotherapy.

3. NEPA Pharmacology

Netupitant is a highly selective NK
1
RA with a high degree of

receptor occupancy. A positron emission tomography (PET)
study showed NK

1
receptor occupancy ≥90% in the majority

of the brain regions tested at 𝐶max, with a long duration of
receptor occupancy at doses of 100–450mg. The netupitant
minimal plasma concentration predicted to achieve an NK

1

RA of 90% in the striatumwas 225 𝜇g/mL. Netupitant 300mg
was the lowest oral dose reaching this value [27].

Palonosetron is a “new-generation” 5-HT
3
RA with a

longer half-life and distinct pharmacological properties com-
pared with older agents in the 5-HT

3
RA class. Mechanism

of action studies have shown that unlike other 5-HT
3
RAs,

palonosetron exhibits allosteric interactions, positive coop-
erativity, and persistent inhibition of receptor function; it

also triggers receptor internalization and inhibits signaling
crosstalk between 5-HT

3
and NK

1
receptors [10]. Most

recently, in vitro studies have shown that the combination of
netupitant and palonosetron exhibits a synergistic effect in
preventing the NK

1
receptor response against its endogenous

agonist, substance P [11], and an additive effect on NK
1

receptor internalization [28]. The plasma elimination half-
lives of palonosetron (>40 hours) and netupitant (∼96 hours)
are long, likely contributing to the extended efficacy during
the delayed phase (25–120 hours) following chemotherapy
administration [10].

Netupitant is a substrate and moderate inhibitor of the
cytochrome P450 isoenzyme 3A4 (CYP3A4) and therefore,
as is the case with another NK

1
RA, aprepitant, coadmin-

istration with drugs that are substrates of CYP3A4 may
require dose adjustments [29–31]. Notably, the dose of dex-
amethasone should be reduced when used in combination
with NEPA [30]; this was done in the NEPA clinical tri-
als. However, unlike aprepitant, netupitant does not result
in clinically relevant interactions with oral contraceptives,
and interactions with CYP2C9 substrates (e.g., warfarin,
tolbutamide) are unlikely based on in vitro interaction
data [31]. While the potential for netupitant interactions
with chemotherapy agents metabolized by CYP3A4 has
not been fully established, no interaction or no clinically
relevant interaction has been observed between aprepitant
and the commonly administered chemotherapeutic agents
(cyclophosphamide, docetaxel, and intravenous vinorelbine)
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Table 2: NEPA study designs.

Study Study design Patient
population/chemotherapy Treatment groups Single versus

multiple cycle Study objective

Study 1
[Hesketh et al.]
[33]

Double-blind,
randomized,

dose-ranging, parallel
group Phase 2
(𝑁 = 694)

Chemotherapy-näıve
Cisplatin-based

chemotherapy (HEC)

NEPA100 + DEX
NEPA200 + DEX
NEPA300 + DEX
Oral PALO + DEX
APR + IV OND +
DEX (included as

exploratory)

Single cycle

Identify best dose
of NETU + PALO;

demonstrate
superiority of
NEPA over oral

PALO

Study 2
[Aapro et al.]
[34]

Double-blind,
randomized, parallel

group Phase 3
(𝑁 = 1455)

Chemotherapy-näıve
Anthracycline-

cyclophosphamide

NEPA + DEX
Oral PALO + DEX Multiple cycle

Demonstrate
superiority of
NEPA over oral

PALO

Study 3
[Gralla et al.]
[35]

Double-blind,
randomized 3 : 1, parallel

group Phase 3
(𝑁 = 413)

Chemotherapy-näıve
Any HEC or MEC (except

AC)

NEPA + DEX
APR + oral PALO +

DEX
(3 : 1 randomization)

Multiple cycle

Demonstrate
multiple cycle

safety and describe
efficacy of NEPA

HEC: highly emetogenic chemotherapy; MEC: moderately emetogenic chemotherapy; AC: anthracycline cyclophosphamide; DEX: dexamethasone; PALO:
palonosetron; NETU: netupitant; APR: aprepitant; OND: ondansetron; NEPA100: NETU 100mg + oral PALO 0.50mg; NEPA200: NETU 200mg + oral PALO
0.50mg; NEPA300: NETU 300mg + oral PALO 0.50mg; IV: intravenous.

[32]. Other agents that are known to be metabolized by
CYP3A4 include paclitaxel, etoposide, irinotecan, ifosfamide,
imatinib, vinblastine, and vincristine.

4. NEPA Efficacy in Prevention of CINV

4.1. Overview of Studies. The efficacy of NEPA has been
evaluated in 3 pivotal registration trials, all in chemotherapy-
näıve patients with predominantly solid tumors receiving a
variety of highly and moderately emetogenic chemothera-
peutic agents (Table 2).

Two studies (07-07 [Study 1] and 08–18 [Study 2])
were designed to demonstrate superiority of NEPA over
oral palonosetron. Study 1 was a pivotal, dose-ranging trial
designed to identify the best dose combination for NEPA in
patients receiving cisplatin-basedHEC. Study 2 was designed
to show superiority of the selected NEPA dose over oral
palonosetron in patients receiving AC. While the third study
(10–29 [Study 3]) in patients receiving a variety of HEC
and MEC (excluding breast cancer patients receiving AC)
was designed primarily to evaluate the safety of NEPA over
multiple cycles, efficacy was also assessed and described.This
study included an aprepitant treatment arm; however, as the
inclusion of this arm was intended to help interpret any
unexpected safety finding, no formal efficacy comparisons
were prospectively planned and performed.

In all 3 trials a single dose of NEPA was administered 60
minutes prior to chemotherapy on Day 1. Oral palonosetron
(Studies 1 and 2) and aprepitant (Studies 1 and 3) were
administered at this same time on Day 1; aprepitant was also
given in the morning of Days 2 and 3. Dexamethasone was
administered 30 minutes prior to chemotherapy on Day 1
and according to the MASCC/ESMO antiemetic guideline
recommendations (i.e., administered onDays 1–4 for patients
receiving HEC and onDay 1 only in patients receivingMEC).
The dexamethasone doses with NEPA (and aprepitant) were

12mg PO on Day 1 and additionally 8mg on Days 2–4 in the
HEC setting. The dexamethasone doses with palonosetron
were 20mg on Day 1 and 16mg on Days 2–4 (with HEC).
Blinding of treatment groups was maintained in all studies
with the use of matching identical placebos.

The primary efficacy endpoint of interest was proportion
of patients with a complete response (CR: no emesis and
no rescue medication). Other efficacy endpoints included
proportion of patients with no emesis, no significant nausea
[defined as a maximum score of <25mm on a 100mm visual
analog scale (VAS)], and complete protection (CR + no sig-
nificant nausea). In the Phase 3 NEPA superiority trial (Study
2), patients also completed a functional living index emesis
(FLIE) questionnaire, a validated 18 itemVAS-based, patient-
reported outcome measure that assesses the impact of CINV
on patients’ daily lives/functioning. All efficacy endpoints
were evaluated during the acute (0–24 h), delayed (25–120 h),
and overall (0–120 h) phases after chemotherapy administra-
tion. Details of the study designs, inclusion/exclusion criteria,
patient demographics, and statistical analyses are reported in
the individual publications [33–35].

4.2. Dose Selection. Study 1 was a phase 2, pivotal, dose-
ranging trial in 694 patients receiving cisplatin-based
chemotherapy. It was designed to evaluate 3 different oral
doses of netupitant (100, 200, and 300mg) coadministered
with oral palonosetron 0.50mg to determine themost appro-
priate clinical dose for the NEPA combination [33]. The
0.50mg oral palonosetron dose was selected as it repre-
sents the approved oral dose of palonosetron [36]. While
all coadministered doses provided superior prevention of
CINV comparedwith oral palonosetron, netupitant 300mg+
palonosetron 0.50mg was the best combination dose when
considering all efficacy endpoints. There was no difference
in safety between doses of netupitant. The 300mg netupitant
dose was also the minimal dose tested in the PET study
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Figure 1: Cycle 1 complete response (no emesis, no rescue medication) rates: NEPA versus oral palonosetron (Studies 1 and 2).

resulting in receptor occupancy of 90% in the striatum [27].
This level of receptor occupancy has been used historically in
studies with aprepitant to predict antiemetic efficacy.

This oral fixed combination of 300mg netupitant +
0.50mg palonosetron was subsequently developed and eval-
uated in the NEPA Phase 3 clinical development program.

4.3. Cycle 1 Efficacy. In both of the trials comparing NEPA
and oral palonosetron (Studies 1 and 2), NEPA showed
superior prevention of CINV during the overall phase as
demonstrated by significantly higher CR rates (Figure 1) as
well as absence of emesis, absence of significant nausea, and
complete protection rates (Table 3) [33, 34]. Superiority of
NEPA over oral palonosetron was also seen for the same
four efficacy endpoints during the delayed phase in both
trials. During the acute phase, NEPA was superior to oral
palonosetron for all endpoints in the HEC study and for CR
and no emesis in the AC-MEC study (Figure 1; Table 3).

In Study 2, this better prevention of both nausea and
vomiting correlated with a quality-of-life benefit for patients.
For the FLIE assessment, significantly more NEPA-treated
patients (79%) reported no impact on daily functioning for
the total combined domains of nausea and vomiting during
the 5 days after chemotherapy compared with those treated
with oral palonosetron (72%; 𝑃 = 0.005) [34]. A significantly
greater proportion of NEPA-treated patients also had no
impact on functioning due specifically to nausea (72% NEPA
versus 66% oral PALO, 𝑃 = 0.015) and due specifically to
vomiting (90% NEPA versus 84% oral PALO, 𝑃 = 0.001).

In the Phase 3 safety study (Study 3), the overall CR
rates for NEPA in Cycle 1 were high; 81% for the total
population, 84% in the subgroup of patients receiving HEC,
and 80% for the subgroup of patients receivingMEC [35, 37].
Similar results were seen with the proportion of patients with
no significant nausea (84% overall population, 82% HEC
subgroup, and 85% MEC subgroup) [37].

4.3.1. Efficacy in Gender/Age Risk Subgroups. Female gender
and young age are well-established patient-related risk factors
increasing the emetogenic potential of chemotherapy. In
order to evaluate the effect of gender and age on treatment
response, data was combined fromPhase 2 and 3 comparative
trials 1 and 2 as well as a third trial which included oral
palonosetron [38, 39]. Overall CR rates were calculated for
females and males and for patients < 55 years and ≥ 55 years.

As expected, in both NEPA and oral palonosetron treat-
ment groups, overall CR rates were numerically lower in
females (82% NEPA, 69% oral PALO) compared with males
(91% NEPA, 78% oral PALO) and also lower in those < 55 yrs
(85% NEPA, 70% oral PALO) compared with those ≥ 55 yrs
(89% NEPA, 77% oral PALO), although no formal statistical
comparison was performed. However, the beneficial effect of
NEPA over oral palonosetron was seen in both gender and
age groups as evidenced by a similar absolute difference of
12–15%.

To evaluate the combined effect of gender plus age,
patients were divided into 4 emetic risk groups (females < 55
years [high risk], females ≥ 55 years [moderate risk], males
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Table 3: Cycle 1 Efficacy of NEPA + DEX compared with oral palonosetron + DEX.

Patients (%)
Study 1 (Cisplatin HEC) Study 2 (AC)

NEPA + DEX
(𝑁 = 136)

Oral PALO + DEX
(𝑁 = 135) 𝑃 value1 NEPA + DEX

(𝑁 = 724)
Oral PALO + DEX

(𝑁 = 725) 𝑃 value2

No emesis
Acute (0–24 h) 98.5 89.7 0.007 90.9 87.3 0.025
Delayed (25–120 h) 91.9 80.1 0.006 81.8 75.6 0.004
Overall (0–120 h) 91.1 76.5 0.001 79.8 72.1 <0.001

No significant nausea
Acute 98.5 93.4 0.050 87.3 87.9 0.747
Delayed 90.4 80.9 0.027 76.9 71.3 0.014
Overall 89.6 79.4 0.021 74.6 69.1 0.020

Complete protection
Acute 97.0 87.5 0.006 82.3 81.1 0.528
Delayed 84.4 73.5 0.027 67.3 60.3 0.005
Overall 83.0 69.9 0.010 63.8 57.9 0.020

1
𝑃 value from logistic regression versus oral palonosetron; not adjusted for multiple comparisons.

2
𝑃 value from two-sided Cochran-Mantel-Haenszel test including treatment, age class, and region as strata.
HEC: highly emetogenic chemotherapy; AC: anthracycline cyclophosphamide; NEPA: netupitant/palonosetron; PALO: palonosetron; DEX: dexamethasone.

Table 4: Efficacy of NEPA in gender/age emetic risk groups.

Overall (0–120 h) CR
% of patients

NEPA +
DEX

Oral PALO +
DEX

% Difference
(95% CI)

Females <55 years
(high risk)
(𝑁 = 100/100)

80.0 69.0 11.0 (−1.0; 23.0)

Females ≥55 years
(moderate risk)
(𝑁 = 108/103)

84.5 69.4 15.0 (3.9; 26.2)

Males <55 years
(low risk)
(𝑁 = 91/126)

89.7 71.4 18.3 (7.6; 29.0)

Males ≥55 years
(lowest risk)
(𝑁 = 206/153)

92.8 81.1 11.7 (5.0; 18.5)

NEPA: netupitant/palonosetron; PALO: palonosetron; CR: complete
response; CI: confidence interval.

< 55 years [low risk], and males ≥ 55 years [lowest risk]).
A clear trend existed across the risk groups with (older)
males exhibiting numerically higher CR rates than (younger)
females and CR rates numerically higher for NEPA than oral
palonosetron in all gender/age risk groups (Table 4).

4.3.2. Efficacy in Older Patients. Prevention of CINV in older
cancer patients is critical, as these patients tend to be more
sensitive to the adverse effects of cytotoxic therapy and thus
more likely to experience dehydration and anorexia related
to CINV [40, 41]. NEPA data from the 3 pivotal trials was
combined to evaluate the efficacy in an older subgroup of
patients (𝑛 = 214 ≥65 years old) [42]. CR rates for NEPA
in the older patients were generally higher than those seen in
the overall study population (Table 5).

4.3.3. Efficacy in Patients Receiving Cisplatin Plus Con-
comitant Chemotherapy. It has been previously shown that
antiemetic efficacy is reduced when concomitant emetogenic
chemotherapy is administered concurrently with cisplatin
[43]. To evaluate whether emetic prevention differed for
NEPA with the addition of concomitant chemotherapy,
NEPA groups from the Phase 2 dose-ranging trial (Study
1) were combined [44]. Complete response and no sig-
nificant nausea rates were then calculated for two groups
of patients: those receiving cisplatin plus no/minimal/low
emetic risk chemotherapy or those receiving cisplatin plus
moderate/high emetic risk chemotherapy.

CR and no significant nausea rates were similar for the
acute, delayed, and overall intervals for both groups, regard-
less of the emetogenicity of the additional chemotherapy
administered with cisplatin.

Overall (0–120 h) CR rates were 88% and 87% for the
lower and higher emetic risk groups, respectively, while no
significant nausea rates were 86% and 85%, respectively.

4.3.4. Efficacy in Patients Receiving Carboplatin. As there is
limited data supporting a guideline recommendation for the
addition of an NK

1
RA to a 5-HT

3
RA/DEX regimen with

platinum agents other than cisplatin, a post hoc analysis from
Study 3 was performed to assess the effectiveness of NEPA
in 149 patients receiving carboplatin [45]. The overall CR
rates for NEPA were 80%, 91%, 92%, and 94% for cycles 1–
4, respectively. Similar results were seen for no emesis, with
rates of 83%, 91%, 92%, and 95% for cycles 1–4, respectively.

4.4. Multiple Cycle Efficacy. Most antiemetic trials assess
CINV control in only a single cycle of treatment. However,
preservation of benefit over repeated cycles of chemother-
apy is essential for optimal supportive care during can-
cer treatment. Two studies in the NEPA clinical program
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Table 5: Efficacy of NEPA in older patients.

% of patients Study 1 (HEC) Study 2 (AC) Study 3 (non-AC MEC/HEC)

Time period ≥65 yrs
(𝑁 = 20)

Overall population
(𝑁 = 135)

≥65 yrs
(𝑁 = 116)

Overall population
(𝑁 = 724)

≥65 yrs
(𝑁 = 78)

Overall population
(𝑁 = 309)

Acute (0–24 h) 100 98.5 94.0 88.4 97.4 92.9
Delayed (25–120 h) 100 90.4 81.0 76.9 80.8 83.2
Overall (0–120 h) 100 89.6 79.3 74.3 78.2 80.6
HEC: highly emetogenic chemotherapy; AC: anthracycline cyclophosphamide; MEC: moderately emetogenic chemotherapy.

evaluated the effectiveness of NEPA over multiple cycles of
chemotherapy. The Phase 3 Study 2 in patients receiving AC
comparing NEPAwith oral palonosetron included a multiple
cycle extension [46]. The multiple cycle safety Study 3 also
assessed efficacy over cycles [35].

1033 NEPA-treated patients participated in 4428 total
chemotherapy cycles in these two trials; 75% of patients
completed at least 4 cycles. In Study 2, the proportion of
patients with an overall CR was significantly greater for
NEPA compared with oral palonosetron during cycles 1–4
(Figure 2(a)) [46]. NEPAwas also significantly more effective
than oral palonosetron in preventing no emesis and no
significant nausea over cycles 1–4. While no formal efficacy
comparisons with aprepitant were intended in Study 3, the
overall CR rates were high and were maintained across
cycles for both NEPA and the aprepitant/palonosetron/DEX
regimen, with NEPA showing a small but consistent numer-
ical advantage (2%–7%) over aprepitant during each cycle
(Figure 2(b)) [35]. Response rates for NEPA were similar in
the subgroups of patients who received HEC and non-AC
MEC. Similar results were seen for no significant nausea in
the overall population as well as the emetogenicity subgroups
of HEC and MEC.

4.5. Comparison with Aprepitant Regimen. An aprepitant/5-
HT
3
RA/DEX regimen was included for exploratory pur-

poses in the dose-ranging trial (Study 1) and to help
interpret any unexpected safety finding in the multiple
cycle HEC/MEC Study 3. In Study 1, Hesketh and col-
leagues reported that the aprepitant/ondansetron/DEX arm
showed higher CR and no emesis rates compared with oral
palonosetron during the overall and delayed phases, but not
the acute phase [33]. It also resulted in numerically higher
no significant nausea and complete protection rates, but
these were not significantly different from oral palonosetron
during any time interval after chemotherapy. Although no
formal comparisons were performed and the differences were
small, the NEPA combination selected for development had
numerically higher response rates than the multiday aprepi-
tant regimen for all efficacy endpoints and time intervals. As
mentioned previously, while no formal efficacy comparisons
were performed, NEPA also showed numerically higher CR
rates than the aprepitant/palonosetron/DEX regimen over
multiple cycles in Study 3 [35].

5. Safety of NEPA

In each of the individual studies, the overall incidence,
type, frequency, and intensity of treatment-emergent adverse

events was as expected for the 5-HT
3
RA and NK

1
RA

classes and for patients undergoing cytotoxic chemotherapy.
NEPAhad a similar adverse event profile to oral palonosetron
and the aprepitant-based regimen [33–35]. The most fre-
quent treatment-related adverse events were headache and
constipation. Aapro et al. [47] presented a comprehensive
overview of the safety of NEPA, pooling data from the
studies in the development program. The percentages of
patients with at least 1 treatment-emergent adverse event
(TEAE) in Cycle 1 and in all cycles were generally similar
for NEPA, oral palonosetron, and the aprepitant groups as
were the percentages of patients reporting AEs considered
to be treatment-related (Table 6). Few patients in any group
experienced serious AEs or AEs leading to discontinuation
or death. There were no deaths in the clinical program
considered to be related to the NEPA treatment.

A similar frequency of cardiac AEs was reported in each
treatment group during all cycles of treatment [47]. The
mean changes from baseline in the ECG parameters assessed
(heart rate, PR, QRS, QT, QTcB, and QTcF) were small
and generally similar across the treatment groups at each
study time point. Neither netupitant or oral palonosetron has
shown any signals for effects on correctedQT interval (QTcl),
heart rate, PR, or QRS intervals compared to placebo in
separate ICHE14QT trials in healthy volunteers [48, 49].This
has also been shown for palonosetron in studies in patients
with cancer [50–52].

6. Discussion and Conclusions

With the introduction of theNK
1
RA class into the antiemetic

armamentarium, the last decade of research has focused
on better understanding the pathophysiology of CINV and
identifying effective antiemetic combinations which target
multiplemolecular pathways associated with emesis. Accord-
ingly, CINV can now be prevented and/or minimized suc-
cessfully for the majority of patients. However, this control
can only be achieved if appropriate antiemetic prophylaxis is
administered to patients.

While there are some differences between the vari-
ous antiemetic guidelines, they all provide evidence-based
reasonably consistent recommendations to guide clinicians
on the optimal use of antiemetics. Unfortunately, barriers
exist which continue to interfere with administration of
guideline-based antiemetic prophylaxis [6–9, 20–22], despite
compelling research indicating that nonadherence leads to
diminished CINV control for patients [6, 7]. In the large
studies by Aapro and Gilmore [6, 7], it was discouraging that
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Figure 2: Overall (0–120 h) complete response (no emesis, no rescue medication) rates over multiple chemotherapy cycles: NEPA versus oral
palonosetron (Study 2) and NEPA versus aprepitant regimen (Study 3).

Table 6: Overview of adverse events.

Number (%) of patients
with the following

Cycle 1 All cycles∗

NEPA + DEX
(𝑁 = 1442)

IV or oral PALO +
DEX (𝑁 = 1600)

APR + OND/PALO
+ DEX (𝑁 = 238)

NEPA + DEX
(𝑁 = 1033)

Oral PALO +
DEX (𝑁 = 725)

APR + oral PALO
+ DEX (𝑁 = 104)

Any treatment-emergent
AE (TEAE) 944 (65.5%) 945 (59.1%) 135 (56.7%) 1127 (78.2%) 1080 (67.5%) 166 (69.7%)

Treatment-related AE
(TRAE) 138 (9.6%) 105 (6.6%) 29 (12.2%) 194 (13.5%) 134 (8.4%) 32 (13.4%)

Serious TEAE 33 (2.3%) 87 (5.4%) 4 (1.7%) 87 (6.0%) 99 (6.2%) 19 (8.0%)
Serious TRAE 2 (0.1%) 2 (0.1%) — 3 (0.2%) 2 (0.1%) —
TEAE leading to death 8 (0.6%) 20 (1.3%) — 17 (1.2%) 21 (1.3%) 1 (0.4%)
TEAE leading to
discontinuation 14 (1.0%) 6 (0.4%) 4 (1.7%) 44 (3.1%) 20 (1.3%) 13 (5.5%)

TRAE leading to
discontinuation 2 (0.1%) 2 (0.1%) — 1 (0.1%) 4 (0.3%) —
∗All cycles: Cycle 1 from all Phase 2/3 studies + Cycles 2 and beyond from the Phase 3 multiple cycle trials.
Treatment-emergent adverse event (TEAE): any AE reported after first study drug intake.
TRAE: AEs deemed possibly, probably, or definitely related to study drug.
DEX: dexamethasone, PALO: palonosetron, and APR: aprepitant.

the patients at highest risk for CINV (i.e., those receiving
HEC or AC chemotherapy) were the ones where the inci-
dence of guideline inconsistent prophylaxis was highest. As
these are the patients most likely to benefit from appropriate
antiemetics, it is critical that continued efforts are taken
to identify multifaceted strategies that can be employed to
improve guideline adherence.TheAapro study also suggested
that the absence of an NK

1
RA in these high risk groups

was a predominant gap in guideline-consistent care. While
economic constraints of hospitals and government payers

may have contributed to the underutilization of the NK
1

RA, the complexity and inconvenience of the oral aprepitant
regimen (e.g., 3 days aprepitant plus 1–3 days 5-HT

3
RA plus

1–4 days of dexamethasone) may have also played a role. In
light of this, it is interesting to speculate if the development
of the convenient single day antiemetic combination, NEPA,
will offer physicians a possible solution to address this
particular gap.

The data in the clinical program offer unequivocal evi-
dence that NEPA plus dexamethasone provides superior
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CINV control over oral palonosetron plus dexamethasone in
settings where anNK

1
RA/5-HT

3
RA/DEX “triplet” is recom-

mended (i.e., HEC and AC-based MEC). This is supported
by the pharmacological synergy seen with netupitant and
palonosetron. The consistent superiority of NEPA over oral
palonosetron across the multiple efficacy endpoints in two
comparative studies is particularly noteworthy considering
that palonosetron is regarded as a clinically distinct 5-HT

3

RA.
Future trials could be considered to explore how NEPA

compares clinically to an aprepitant-based triplet regimen.
The limited data generated thus far suggests that NEPA shows
slightly higher response rates than a 3-day aprepitant regimen
in both the single cycle study in patients receiving cisplatin-
based HEC (Study 1) [33] and over multiple cycles in patients
receiving either MEC or HEC (Study 3) [35]. However, as
neither of these trials were designed specifically to compare
the efficacy of NEPA with that of the aprepitant regimen, a
formal trial would be needed to address this.

Study 3 offers evidence that NEPA is effective in a non-
AC-based “pure” MEC population, although further studies
are needed to evaluate the superiority of NEPA over a 5-HT

3

RA/DEX regimen in this setting.
With the appropriate use of current antiemetics, emesis

can be prevented in nearly all patients. However, there is still
room for improving control of nausea, particularly during
the delayed phase following chemotherapy. As no consistent
superiority has been seen with the addition of aprepitant
over 5-HT

3
RAs + DEX in previous trials evaluating nausea

[53–57], it was encouraging to see that a nausea benefit
was demonstrated with NEPA over oral palonosetron in two
pivotal trials. High levels of protection against nausea were
also maintained in multiple cycles (i.e., in the extension of
the Study 2 and also in Study 3) (Table 3). Notwithstanding
this benefit, further research is needed to better understand
nausea and how to optimize control of this bothersome
symptom, particularly in subgroups of patients who may be
more prone to it.

In the subset of older patients ≥65 years, it was reassuring
to see that CINV control with NEPA was at least as good
as that seen in the overall population in the individual
pivotal trials. In the gender/age analysis, it was not surprising
that males had higher CR rates than females as did older
patients compared with younger patients. It was somewhat
surprising, however, that despite these differences in response
by gender and age the beneficial effect of NEPA over oral
palonosetron was consistent in males and females (13% in
both) and in older (12%) and younger (15%) patients. This is
in contrast to previously reported aprepitant data where the
beneficial effect of an aprepitant/ondansetron/DEX regimen
over ondansetron/DEX was greatest in women (14%) and in
those < 55 years (19%) compared with men (4%) and those
≥ 55 years (6%) [58]. It is encouraging that NEPA offers an
improved response regardless of age and gender and also
regardless of the combined risk factors of young age/female
(high risk) versus older/males (lowest risk) where the NEPA
benefit seen ranged from 11% to 18%.

Thedata in the subset of 149 patients receiving carboplatin
is interesting.The response rates are consistent with a similar

historical carboplatin subset analysis and more recently a
Phase 3 trial in patients receiving a paclitaxel/carboplatin
regimen where an aprepitant regimen showed a >10% incre-
mental benefit over a 5-HT

3
RA/DEX control [59, 60]. Given

this consistent evidence, MASCC/ESMO and ASCO guide-
line groups, in particular, should evaluate this dataset and
emerging data with rolapitant [61] and give consideration to
the addition of an NK

1
RA in patients receiving carboplatin.

NCCN includes carboplatin as one of the chemotherapies,
like AC, where an NK

1
RA should be added to the 5-HT

3

RA/DEX regimen (Table 1).
The multiple cycle data generated for NEPA is perhaps

the most robust multicycle dataset generated thus far for any
approved antiemetic. In Studies 2 and 3, 1033 patients were
treated with NEPA for a total of 4428 chemotherapy cycles
with 75% of these patients completing at least 4 cycles [37].
Overall CR and no significant nausea rates were high and
were maintained across 4 cycles of chemotherapy in both
studies and in the subsets of patients receiving the various
types of chemotherapies. This provides confidence in the
preservation of benefit with NEPA over repeated cycles and
reinforces the value of administering appropriate prophylaxis
starting at Cycle 1, rather than waiting to introduce an NK

1

RA after the patient has failed (i.e., experienced CINV).
The safety profile for NEPA is consistent with that

expected for these drug classes with the type and incidence
of adverse events also being typical for a diverse cancer
population receiving cytotoxic chemotherapy. As expected,
the most common treatment-related adverse events were
headache and constipation. While there has been safety
concerns associated with QTc prolongation with older 5-HT

3

RAs such as ondansetron and dolasetron [62–64], the cardiac
adverse events and QTc data for NEPA from the pivotal
studies indicate no cardiac safety concerns. Reassuringly,
neither netupitant nor palonosetron have shown any signals
for effects on corrected QT intervals in individual QT trials
[48–52].

Because netupitant is a moderate inhibitor of CYP3A4,
the oral dexamethasone dose should be reducedwhen used in
conjunction with NEPA.The dexamethasone doses adminis-
tered in the NEPA clinical trials were 12mg PO on Day 1 (for
HEC andAC) and additionally, 8mg onDays 2–4 in theHEC
setting. The administration of dexamethasone on Day 1 only
in theAC trial was consistent with theMASCC/ESMOguide-
line recommendations. In contrast, the ASCO and NCCN
guidelines recommend dexamethasone dosing through Day
3 or 4 in the AC setting. However, as dexamethasone may
be associated with a range of side effects, there is interest
in minimizing its dose and frequency, particularly in those
patients who experience dexamethasone-related side effects
or in those with preexisting conditions that may be exacer-
bated by corticosteroid use.TheNEPAdata in Study 2 provide
encouraging evidence that aDay 1 only regimen ofNEPAplus
dexamethasone is effective. As concomitant administration of
NEPA may increase the plasma concentration for drugs that
are mainly metabolized via CYP3A4, coadministration with
other drugs that are substrates of CYP3A4 may require dose
adjustments. While these potential drug-drug interactions
were a possible source of concern regarding aprepitant, a
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review by Aapro and colleagues concluded that the majority
of drug-drug interactions with aprepitant have little or no
clinical consequence [32]. Reassuringly, in the large Phase
3 study where all patients received cyclophosphamide, an
alkylating agent metabolized in part via CYP3A4, a similar
AE profile was seen for NEPA and palonosetron, with no
increased incidence of AEs that would be typically associated
with cyclophosphamide [65, 66].

As with any new drug, the registration trials offer the crit-
ical information needed for approval and to assist physicians
in understanding the overall benefit of the new treatment.
With this new and novel combination antiemetic, further
research will be necessary to understand its place and benefit
in preventing CINV in settings where patients are receiving
multiday chemotherapy and in patients with hematologic
malignancies. In addition, while the benefit of NEPA over a
5-HT
3
RA/DEX regimen is clear in patients at higher risk for

CINV, it will be helpful to understand if this combination can
offer a benefit to a broader group of patients receiving other
moderately emetogenic chemotherapy.

NEPA has the potential to overcome some of the bar-
riers hindering antiemetic guideline adherence by packag-
ing guideline-consistent antiemetic prophylaxis in a single,
oral dose that is taken only once per cycle. Evaluation of
whether this translates into improved patient compliance and
guideline adherence and potentially reduced nursing time,
clinic/emergency room visits, and follow-up care will be
important to assess in clinical practice.
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