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Abstract
Purpose Patients receiving platinum-based chemotherapy are
at high risk of chemotherapy-induced nausea and vomiting
(CINV), a distressing side effect of treatment. This post-hoc
subgroup analysis of two pivotal trials evaluated the efficacy
of NEPA in preventing CINV in subsets of patients with lung
cancer who received cisplatin or carboplatin.
Methods In each study, the efficacy endpoints complete re-
sponse (CR; defined as no emetic episodes and no rescue
medication) and no significant nausea (NSN; defined as a
score of < 25 mm on a visual analog scale of 0–100 mm)
during the acute (0–24 h), delayed (25–120 h), and overall
(0–120 h) phases post-chemotherapy in cycle 1 (study 1)
and cycles 1–4 (study 2) were assessed. Safety was evaluated
by recording treatment-emergent adverse events (AEs) and
treatment-related AEs.
Results NEPA treatment resulted in high CR rates across the
acute, delayed, and overall phases (cisplatin: > 88% overall
CR; carboplatin: > 75% overall CR), with higher CR rates for
NEPA-treated patients than those receiving palonosetron;
moreover, CR rates were sustained over multiple chemother-
apy cycles (> 75%). High rates of NSN observed during cycle
1 (> 79%) were also maintained over multiple chemotherapy
cycles. NEPAwas well tolerated in all patients.

Conclusions NEPA appears to be effective and well tolerated
in patients with lung cancer receiving platinum-based chemo-
therapy, across the acute, delayed, and overall phases and
throughout multiple cycles. As a highly effective oral combi-
nation antiemetic agent administered as a single dose once per
cycle, NEPA may offer a convenient, simplified prophylactic
antiemetic.
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Introduction

Lung cancer is the most common cancer worldwide, with
an estimated 1.8 million new cases in 2012, comprising
nearly 13% of the total new cancer cases (excluding non-
melanoma skin cancers) diagnosed that year [1]. In the
majority of patients with non-small cell lung cancer
(NSCLC), and especially those with advanced disease,
cytotoxic chemotherapy remains the mainstay of treat-
ment [2–4]. Cisplatin, a highly emetogenic chemothera-
peutic, is the gold standard in the adjuvant setting [5, 6],
although a less emetogenic carboplatin regimen is the rec-
ommended treatment option for patients with comorbidi-
ties or who are unable to tolerate cisplatin [7].

One of the most feared side effects of chemotherapy is
chemotherapy-induced nausea and vomiting (CINV) [8],
which, if poorly controlled, may lead to impaired functioning
and quality of life [9], anorexia [6], and potentially postpone-
ment or dose reduction of chemotherapy [10]. Recent advances
in the development of antiemetic agents and the publication of
several evidence-based antiemetic guidelines [6, 11, 12] have
led to vast improvements in the control of CINV, which can
now be prevented in 70–80% of patients [13].

* Paul J. Hesketh
paul.hesketh@lahey.org

1 Lahey Health Cancer Institute, Lahey Hospital &Medical Center, 41
Mall Road, Burlington, MA 01805, USA

2 Corporate Clinical Development, Helsinn Healthcare SA,
Lugano, Switzerland

3 Helsinn Healthcare SA, Lugano, Switzerland

Support Care Cancer (2018) 26:1151–1159
https://doi.org/10.1007/s00520-017-3936-9

mailto:paul.hesketh@lahey.org
http://crossmark.crossref.org/dialog/?doi=10.1007/s00520-017-3936-9&domain=pdf


To achieve optimal control of CINV, the choice of ap-
propr ia te ant iemet ic prophylaxis is paramount .
International antiemetic guidelines published by the
Multinational Association of Supportive Care in Cancer
(MASCC) and the European Society for Medical
Oncology (ESMO) [11], the American Society of
Clinical Oncology [12], and the National Comprehensive
Cancer Network (NCCN) [6] categorize chemotherapy
agents according to their emetogenic potential (high,
moderate, low, and minimal), and base their recommen-
dations on the level of risk that a chemotherapeutic agent
poses. For patients receiving highly emetogenic chemo-
therapy (HEC), such as cisplatin, the guidelines recom-
mend the triplet combination of a 5-hydroxytryptamine-3
(5-HT3) receptor antagonist (RA), a neurokinin-1 (NK1)
RA, and a corticosteroid, such as dexamethasone [6, 11]
or a four-drug combination with the addition of
olanzapine to the triplet [12]. For patients receiving mod-
erately emetogenic chemotherapy (MEC), the general rec-
ommendation for antiemetic prophylaxis is treatment with
a 5-HT3 RA in combination with dexamethasone.
Although until recently considered MEC, guidelines cur-
rently advise that patients receiving carboplatin should be
treated with a combination of an NK1 RA, a 5-HT3 RA,
and dexamethasone [6, 11, 12], and the NCCN guidelines
propose the addition of an NK1 RA if high-risk factors are
present, or if previous 5-HT3 RA-dexamethasone treat-
ment has failed [6]. Despite evidence demonstrating that
CINV control can be achieved if these recommendations
are followed [14], the guidelines are often inadequately
adhered to in clinical practice. This may be, in part, due
to the perceived complexity of some antiemetic regimens
and subsequent poor patient compliance.

NEPA is an oral fixed combination of the highly selec-
tive NK1 RA netupitant (NETU; 300 mg) and the clini-
cally [15] and pharmacologically [16] distinct 5-HT3 RA
palonosetron (PALO; 0.5 mg) administered as a single
dose prior to chemotherapy. The simultaneous targeting
of two critical emetic pathways, in concert with the
single-dose administration per chemotherapy cycle, re-
sults in convenient and long-lasting protection from
CINV. Clinical studies have demonstrated the superiority
of NEPA plus dexamethasone, compared with PALO plus
dexamethasone, in preventing CINV during both the acute
and delayed phases in the HEC [17] and anthracycline-
cyclophosphamide (AC) settings [18]. In addition, NEPA
has been shown to be efficacious over multiple cycles of
AC [18] HEC or MEC [19]. Each of these pivotal studies
demonstrated the safety and efficacy of NEPA in a popu-
lation of patients with mixed solid tumors, but did not
address any particular patient subgroup.

Herein, we report the results of a post-hoc subgroup anal-
ysis from two of the pivotal trials [17, 19]. The objective was

to evaluate the efficacy of NEPA in the subsets of patients with
lung cancer who were receiving platinum-based chemotherapy.

Methods

Trial designs

The current report is a post-hoc analysis of the subgroup of
patients with lung cancer from two published pivotal trials,
hereafter referred to as study 1 [17] and study 2 [19]. In both
trials, the protocols were approved by the relevant institutional
bodies, and each study was followed in accordance with the
Declaration of Helsinki principles (2008), International
Conference on Harmonization E6 Good Clinical Practice
guidelines, as well as national/local laws and regulations.

Study 1

This was a phase II, multinational, randomized, double-blind,
single-cycle, dose-ranging study of oral NEPA versus oral
PALO in solid tumors [17]. Patients were scheduled to receive
a first dose of cisplatin-based chemotherapy and were strati-
fied by gender and randomized to one of five treatment arms:
PALO 0.50 mg; NEPA100 (NETU 100 mg plus PALO
0.50 mg); NEPA200 (NETU 200 mg plus PALO 0.50 mg);
NEPA300 (NETU 300 mg plus PALO 0.50 mg); intravenous
ondansetron 32 mg plus oral aprepitant, at a dose of 125 mg
on day 1 and 80 mg daily on days 2 and 3 (exploratory arm)
[17]. All patients also received oral dexamethasone; the PALO
arm at a dose of 20 mg on day 1 and 8 mg twice daily on days
2–4; and the NEPA and aprepitant treatment arms at a dose of
12 mg on day 1 and 8 mg daily on days 2–4.

Study 2

This phase III, multinational, randomized, double-blind,
parallel-group study [19] evaluated NEPA over multiple cy-
cles of chemotherapy. Patients, stratified by HEC/MEC and
gender, were randomized in a 3:1 ratio to receive either oral
NEPA (NETU 300 mg plus PALO 0.50 mg) or oral aprepitant
125 mg plus PALO 0.50 mg on day 1, followed by oral
aprepitant 80 mg daily on days 2–3 [19]; the aprepitant arm
was included as a reference arm for safety. Patients receiving
HEC received oral dexamethasone at a dose of 12mg on day 1
and 8 mg on days 2–4, while patients receiving MEC only
received oral dexamethasone 12 mg on day 1.

Lung cancer population

Eligible patients were aged ≥ 18 years, diagnosed with any
type of lung cancer, chemotherapy naive, and had a Karnofsky
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Performance Status (PS) score ≥ 70% (study 1) or Eastern
Cooperative Oncology Group (ECOG) PS 0–2 (study 2).

Assessments

In each study, the efficacy endpoints of complete response
(CR; defined as no emetic episodes and no rescue medi-
cation) and no significant nausea (NSN; defined as a vi-
sual analog scale score of < 25 mm on a scale of 0–
100 mm) during the acute (0–24 h), delayed (25–120 h),
and overall (0–120 h) phases post-chemotherapy in cycle
1 (study 1) and cycles 1–4 (study 2) were assessed. Safety
was evaluated primarily by treatment-emergent adverse
events (TEAEs, occurring after the first dose of study
drug) and treatment-related AEs (TRAEs).

Statistical analysis

The primary aim of this post-hoc analysis was to determine
the efficacy of NEPA in preventing CINV in subsets of

patients with lung cancer from two pivotal trials [17,
19], who received either cisplatin or carboplatin. The
efficacy data were not pooled due to the different com-
parators and chemotherapy regimens administered in the
two trials (study 1: PALO- and cisplatin-based regimen;
study 2: aprepitant/PALO and cisplatin- or carboplatin-
based regimens). The aprepitant arms of both studies
were not included in this analysis, as the arms served
either an exploratory or reference purpose, and included
small sample sizes. Descriptive statistics for the efficacy
parameters were provided for the subpopulation of lung
cancer patients receiving NEPA (study 1 and study 2) or
PALO (study 1). There were no formal statistical com-
parisons made between the NEPA and PALO arms due
to the limited sample size and also because the stratifi-
cation by gender is lost when performing the subgroup
analysis (see “Results” section). In study 1, data from
the different NEPA dose groups (100/200/300 mg) were
combined, as all showed similar efficacy in the sub-
group of patients with lung cancer. The antiemetic

Table 1 Demographics and
baseline characteristics of NEPA-
treated patients with lung and
non-lung cancers receiving
cisplatin or carboplatin
chemotherapy and included in the
subgroup analyses (safety
population)

Study 1

(N = 408)

Study 2

(N = 216)

Lung
cancer

(n = 109)

Non-lung cancer
(n = 299)

Lung
cancer

(n = 122)

Non-lung cancer
(n = 94)

Mean age ± SD, years 56.2 ± 8.7 53.9 ± 9.9 60.1 ± 8.0 53.9 ± 11.2
Gender, n (%)
Male 97 (89.0) 136 (45.5) 84 (68.9) 39 (41.5)
Female 12 (11.0) 163 (54.5) 38 (31.1) 55 (58.5)
Cancer type, n (%)
Lung and respiratory tract
cancer

109 (100) – 122 (100) –

Bladder – 14 (4.7) – 4 (4.3)
Breast – 26 (8.7) – 7 (7.4)
Colorectal – – – 1 (1.1)
Gastric – 24 (8.0) – 3 (3.2)
Other GI – 18 (6.0) – –
Gynecologic – 97 (32.4) – 42 (44.7)
Other urogenital – 9 (3.0) – –
Head and neck – 91 (30.4) – 20 (21.1)
Rectal – – – 1 (1.1)
Other – 11 (3.7) – 16 (17.0)
Malignant neoplasm site
unspecified

– 9 (3.0) – –

Karnofsky Performance Status, n (%)
100 7 (6.4) 38 (12.7) NA NA
90 31 (28.4) 204 (68.2) NA NA
80 66 (60.6) 52 (17.4) NA NA
70 5 (4.6) 5 (1.7) NA NA
ECOG performance status, n (%)
0 NA NA 49 (40.2) 43 (45.7)
1 NA NA 70 (57.4) 50 (53.2)
2 NA NA 3 (2.5) 1 (1.1)
Chemotherapy (cycle 1), n (%)
Cisplatin 109 (100) 298 (99.7) 43 (35.2) 29 (30.5)
Carboplatin – 1 (0.1) 79 (64.8) 65 (69.1)

ECOG Eastern Cooperative Oncology Group, GI gastrointestinal, NA not assessed, SD standard deviation
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outcomes following platinum-based chemotherapy of the
non-lung cancer cohorts were also assessed in both
studies to provide a context to interpret the results in
the population of patients with lung cancer. Data were
presented using descriptive statistics and no formal com-
parison between the lung cancer and non-lung cancer
subsets was performed. All figures displaying demo-
graphics, baseline characteristics, and toxicity profile
were based on the safety population. In study 1, two
patients from the safety population were excluded from
the efficacy population: one did not receive chemother-
apy (NEPA, lung cancer) and one patient received
carboplatin instead of cisplatin (NEPA, non-lung
cancer).

Results

Analyzed patient population

Of the 694 patients randomized in study 1, 408 received NEPA
and platinum-based chemotherapy, and 109 (26.7%) patients had
lung cancer and were included in the safety population.
Additionally, in study 1, 136 patients received PALO and che-
motherapy, and 42 (30.9%) of them had lung cancer. In study 2,
of the 413 patients randomized, 216 patients received NEPA and
carboplatin or cisplatin, of which 122 (56.5%) had lung cancer
and were included in the safety population.

Overall, this subgroup analysis presented data from 231
NEPA-treated patients with lung cancer and 393 NEPA-
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treated patients with non-lung cancers. In study 1, all patients
in the efficacy population (N = 109) received a cisplatin-based
regimen, while in study 2, the majority of lung cancer (79/122;
64.8%) and non-lung cancer (65/94; 69.1%) patients received
a carboplatin-based regimen. Demographic and baseline char-
acteristics of the NEPA-treated patients are shown in Table 1
for the safety population. The majority of NEPA-treated lung
cancer patients were male (study 1: 89.0%; study 2: 68.9%)
and had a Karnofsky PS of 80% (study 1) or ECOG PS of 1
(study 2); the mean age was 56.2 and 60.1 years for study 1
and study 2, respectively. For the non-lung cancer subset, in
both studies, there was a greater proportion of females (study
1: 54.5%; study 2: 58.5%); the majority had a Karnofsky PS of
90% (in study 1) and ECOG PS of 1 (study 2); the mean age
was 53.9. In both studies, the most common non-lung cancer
types were gynecologic and head and neck.

Efficacy: complete response

In cycle 1, NEPA treatment resulted in high CR rates across
the acute, delayed, and overall phases in the subset of lung
cancer patients receiving cisplatin- (study 1 and study 2;
Fig. 1a, b, respectively) or carboplatin-based (study 2; Fig.
1b) chemotherapy. In study 1, higher CR rates were observed
for NEPA-treated patients compared with PALO-treated pa-
tients in the delayed and overall phases. However, comparable
CR rates were seen in the acute phase (Fig. 1a). In study 2,
overall phase, CR rates were sustained over repeated cycles in
NEPA-treated lung cancer patients receiving either cisplatin or
carboplatin (Fig. 2). When considering patients with cancers
other than lung, high CR rates were observed regardless of
whether patients received cisplatin- (Fig. 3a, b) or carboplatin-
based (Fig. 3b) chemotherapy.

Efficacy: no significant nausea

As was the case for CR, high rates of NSN were observed in
the subset of NEPA-treated patients with lung cancer receiving
cisplatin or carboplatin during cycle 1 (Table 2). Similar out-
comes were seen for PALO-treated patients in study 1. NSN
rates were maintained over repeated cycles in NEPA-treated
lung cancer patients receiving either cisplatin or carboplatin
(Fig. 4). High rates of NSN were also evident in patients with
non-lung cancers (Table 2).

Safety

NEPA was well tolerated in patients with lung and non-lung
cancers, regardless of whether cisplatin- or carboplatin-based
regimens were administered. In study 1, asthenia (7.3%) and
hiccups (5.5%) were the only TEAEs reported in ≥ 5% of
patients with lung cancer; the most common TRAE was hic-
cups (5.5%). In lung cancer patients from study 2—cycle 1,
the most frequently reported TEAEs in ≥ 5% of patients were
neutropenia (21.3%), leukopenia (14.8%), anemia (10.7%),
and alopecia (9.0%); headache (1.6%) was the most common
TRAE. Overall, for the lung cancer subset, the only TRAEs
occurring in ≥ 2% of the patients in either study were hiccups.

For the non-lung cancer subset, the most common TEAEs
in study 1 were asthenia and leukocytosis (6.7% each), head-
ache (6.4%), alanine aminotransferase increase (6.0%), and
dyspepsia (5.4%); in study 2—cycle 1, the most common
were leukopenia (17.0%), neutropenia (14.9%), alopecia
(13.8%), anemia and pyrexia (8.5% each), cancer pain, con-
stipation, dyspepsia, headache, and thrombocytopenia (5.3%
each). Regarding TRAEs, the most frequently reported in
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study 1 were hiccups (3.7%) and, in study 2—cycle 1, consti-
pation (2.1%).

Discussion

Pivotal trials in patients with a wide range of solid tumors
have shown that NEPA, the first combination antiemetic, is
superior to PALO in preventing CINV [17, 18], and main-
tained high CR rates across multiple cycles of chemotherapy,

with a small but consistent numeric advantage over aprepitant
plus PALO [19]. Herein, we report the safety and efficacy
results of a post-hoc analysis of the subgroups of patients with
lung cancer from two pivotal trials [17, 19]. In study 1 [17],
patients received a cisplatin-based regimen, while in study 2
[19], patients received a regimen containing either cisplatin or
carboplatin, two agents that are commonly used to treat lung
cancer [7]. While cisplatin is well-established as the most
highly emetogenic chemotherapeutic, carboplatin is at the
high end of the MEC category, with recent antiemetic guide-
lines now recommending that patients receiving carboplatin
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be given a prophylactic triplet antiemetic combination of an
NK1 RA, a 5-HT3 RA, and dexamethasone [6, 11, 12].

In this report, NEPA appears to be effective in preventing
nausea and vomiting in the subgroup of patients with lung
cancer. High CR rates were observed across the acute, de-
layed, and overall phases regardless of whether cisplatin- or
carboplatin-based chemotherapy was administered. As ex-
pected, the highest CR rates were seen in the acute phases in
both studies, although NEPA was also efficacious in the de-
layed and overall phases, with sustained efficacy demonstrat-
ed across multiple cycles. In study 1, numerically higher CR
rates were observed in NEPA-treated patients with lung can-
cer, compared with those who received PALO, mirroring the
results in the original study [17], although no formal statistical
comparisons were undertaken in this subgroup analysis. Of
note, in study 2 [19] the CR rates observed in cycle 1 were
higher in the delayed and overall phases for lung cancer pa-
tients receiving cisplatin than those patients receiving
carboplatin. These findings are somewhat surprising given

the respective emetogenic potential of cisplatin and
carboplatin. However, as there were no appreciable differ-
ences between the baseline characteristics or potential CINV
risk factors of patients receiving cisplatin or carboplatin, it is
most likely that this observation was an artefact of the small
sample size.

Consistent with the CR results, high NSN rates were ob-
served in NEPA-treated lung cancer patients receiving either
carboplatin or cisplatin. In study 1, NSN rates were surpris-
ingly similar for NEPA and PALO treatment groups across all
phases. However, the lack of a difference during the delayed/
overall phases (89.0 vs 88.1% for NEPA and PALO, respec-
tively, in the delayed phase, and 87.2 and 88.1% for NEPA
and PALO, respectively, in the overall phase) appeared to be
due to the higher-than-expected efficacy seenwith PALO rath-
er than with NEPA, as the NSN rates for NEPA in lung cancer
patients mimicked those seen in the overall study population
[17], while the rates for PALO were approximately 8% higher
in the lung cancer subset than in the overall study population

Table 2 No significant nausea (NSN) rates in NEPA-treated lung and non-lung cancer patients receiving cisplatin or carboplatin in cycle 1 (efficacy
population)

Study 1 Study 2

NSN, % Cisplatin Cisplatin Carboplatin

Lung cancer Non-lung cancer Lung cancer Non-lung cancer Lung cancer Non-lung cancer

NEPA
(n = 109)

PALO
(n = 42)

NEPA
(n = 298)

NEPA
(n = 43)

NEPA
(n = 29)

NEPA
(n = 79)

NEPA
(n = 66)

Acute (0–24 h) phase 95.4 95.2 95.6 90.7 93.1 83.5 93.9

Delayed (25–120 h) phase 89.0 88.1 86.6 81.4 86.2 79.7 90.9

Overall (0–120 h) phase 87.2 88.1 84.6 81.4 82.8 79.7 89.4

NEPA netupitant-palonosetron, PALO palonosetron
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[17]. This may simply be a function of the small sample size
(N = 42) in the PALO subset.

PALO, a second-generation 5-HT3 RA, has been shown to
be more effective than older 5-HT3 RAs for the control of
CINV in the delayed and overall phases [20]. Included both
as a component of the fixed combination NEPA, and in the
aprepitant-PALO-dexamethasone reference regimen, PALO
may have contributed to the high antiemetic efficacy observed
in both studies.

Considering the subsets of patients with non-lung cancers,
the data suggest that NEPA is at least as effective in lung
cancer patients as those with other cancers. In NEPA-treated
non-lung cancer patients, high rates of CR and NSN were
observed, with slightly better control achieved in patients re-
ceiving carboplatin than may be anticipated.

NEPAwas also well tolerated in both studies in the lung and
non-lung cancer populations, with AEs typical of a population
of cancer patients undergoing emetogenic chemotherapy.

Limitations to the present study include its exploratory na-
ture, given it is a post-hoc analysis, as well as the lack of
formal statistical comparisons. Recent developments in the
field of CINV have led to the approval of new drugs that have
been rapidly incorporated in guidelines recommendations.
Due to its post-hoc nature, the comparator arms included in
this subgroup analysis do not correspond with current guide-
lines recommendations [6, 11, 12]. Factors that preclude the
ability to perform formal statistical analyses between study
arms (NEPA vs PALO) and patient subgroups (lung cancer
vs non-lung cancer) include (1) the limited sample size of
the lung cancer population in both studies, (2) non-balanced
patient demographics between the different subgroups due to
the loss of patient stratification by gender for the analysis, and
(3) further division of the subgroups according to the antican-
cer treatment received (cisplatin or carboplatin) resulting in a
further reduction of the sample size.

The data reported herein are not dissimilar to results from a
number of studies examining the efficacy of the aprepitant-
PALO-dexamethasone triplet regimen in preventing CINV in
patients with lung cancer. One study reported overall CR rates
in cisplatin- (71%) and carboplatin-treated patients (86%) that
are similar to those reported in the current study [21]. Two
other studies evaluating the efficacy of the aprepitant-PALO-
dexamethasone combination in patients with NSCLC receiv-
ing a carboplatin-based regimen [22, 23] also reported CR
rates in the overall phase (83.8% [22] and 80.5% [23]) similar
to those reported herein (77.2%). Finally, there is at least one
report that has assessed the aprepitant-PALO-dexamethasone
antiemetic triplet in lung cancer patients receiving multiple
cycles of cisplatin-based chemotherapy [24]. In that study,
the reported CR rates in the overall phase increased from
74.4% (cycle 1) to 78.6% (cycle 6), which are slightly lower
than those reported herein, where the overall CR rate was
88.4% in cycle 1 and increased to 93.5% by cycle 4 for

cisplatin-treated patients in study 2. The above-mentioned
limitations of the present study may help explain the differ-
ences in the results.

In conclusion, the data from this post-hoc analysis of the
subgroup of patients with lung cancer from two pivotal trials
are in alignment with the results reported in the parent studies
[17, 19]. NEPA, the first oral combination antiemetic, has
been shown to be safe and effective in patients with lung
cancer receiving platinum-based chemotherapy across the
acute, delayed, and overall phases and throughout multiple
cycles. As an oral treatment targeting two antiemetic pathways
with a single dose administered only once per cycle, NEPA
offers a convenient and simplified prophylactic option.
Consequently, this drug may facilitate adherence to antiemetic
guidelines and improve treatment compliance, which in turn
could lead to improved CINV prevention.
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