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Abstract
Purpose To assess, from a United States (US) perspective, the cost-effectiveness of chemotherapy-induced nausea and vomiting
(CINV) prophylaxis using a single dose of netupitant and palonosetron in a fixed combination (NEPA) versus aprepitant plus
granisetron (APR + GRAN), each in combination with dexamethasone, in chemotherapy-naïve patients receiving highly
emetogenic chemotherapy (HEC).
Methods We analyzed patient-level outcomes over a 5-day post-HEC period from a randomized, double-blind, phase 3 clinical
trial of NEPA (n = 412) versus APR + GRAN (n = 416). Costs and CINV-related utilities were assigned to each subject using
published sources. Parameter uncertainty was addressed via multivariate probabilistic sensitivity analyses (PSA).
Results Compared to APR + GRAN, NEPA resulted in a gain of 0.09 quality-adjusted life-days (QALDs) (4.04 vs 3.95; 95% CI
−0.06 to 0.25) and a significant total per-patient cost reduction of $309 ($943 vs $1252; 95% CI $4–$626), due principally to
$258 in lower medical costs of CINV-related events ($409 vs $668; 95% CI −$46 to $572) and $45 in lower study drug costs
($531 vs $577). In the PSA, NEPA resulted in lower costs and higher QALD in 86.5% of cases and cost ≤ $25,000 per quality-
adjusted life-year gained in 97.8% of cases.
Conclusions This first-ever economic analysis using patient-level data from a phase 3 trial comparing neurokinin-1 receptor
antagonist (NK1 RA) antiemetic regimens suggests that NEPA is highly cost-effective (and in fact cost-saving) versus an
aprepitant-based regimen in post-HEC CINV prevention. Actual savings may be higher, as we focused only on the first
chemotherapy cycle and omitted the impact of CINV-related chemotherapy discontinuation.
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Introduction

Without adequate antiemetic prophylaxis, as many as 90% of
patients receiving highly emetogenic chemotherapies (HEC)
experience chemotherapy-induced nausea and vomiting
(CINV) [1]. CINV is among the most distressing and feared
side effect cancer patients experience during chemotherapy
and is associated with significant quality-of-life impairment
[2]. Moreover, CINV may cause a delay or discontinuation
of therapy, and studies indicate overall survival benefits in
patients whose chemotherapy symptoms have beenmonitored
systematically between visits [3]. Uncontrolled CINV can
lead to a substantial financial burden due to unscheduled phy-
sician and emergency department (ED) visits and
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hospitalizations [4, 5]. The importance of CINV prevention is
further recognized by the inclusion of nausea and vomiting
among the causes of avoidable ED visits and hospitalizations
within the Centers for Medicare & Medicaid Services (CMS)
outcomes-based quality measure for outpatient cancer care
(OP-35) [6].

Various guidelines recommend specific prophylaxis regi-
mens at initiation of each cycle of HEC to prevent CINV.
The most commonly used prophylaxis for HEC is a 3-drug
combination including a serotonin-3 receptor antagonist (5-
HT3 RA), a neurokinin-1 receptor antagonist (NK1 RA), and
dexamethasone [7, 8]. Appropriate antiemetic prophylaxis can
prevent an estimated 70% to 80% of CINV episodes [9].
Effective prophylaxis during the first cycle of chemotherapy is
of particular importance since patients who experience CINV in
the initial cycle face higher risk during subsequent ones [10].

Only two injectable NK1 RA agents are available in the
United States (US): fosaprepitant/aprepitant (approved by the
US Food and Drug Administration [FDA] for injection in
2010 and 2017, respectively [11, 12]) and netupitant/
fosnetupitant (FDA-approved for injection in 2018 as a fixed
combination with the 5-HT3 RA palonosetron [NEPA] [13]).
Each injectable NK1 RA agent was approved based on bio-
equivalence to the oral formulation and, for NEPA, based on a
prospective safety trial [13]. In phase 3 clinical trials, the per-
centages of patients achieving complete response (CR), de-
fined as no emesis or rescue medication use, were significant-
ly higher for those receiving oral NEPA versus oral
palonosetron (PALO) alone during a single cycle of HEC
(89.6% vs 76.5%; P < 0.050) [14] and over up to 4 cycles
(63.6% vs 50.6%; P < 0.0001) [15]. Most recently, a phase 3
non-inferiority trial conducted in China, Taiwan, Korea, and
Thailand randomized 834 chemotherapy-naïve patients re-
ceiving cisplatin-based HEC to a single oral dose of NEPA
(n = 417) or a 3-day oral aprepitant (APR) plus 1-day intrave-
nous granisetron (GRAN) regimen (n = 417), each in combi-
nation with oral dexamethasone on days 1 through 4 [16]. The
full analysis set (FAS) population (NEPA: n = 412; APR +
GRAN: n = 416) included patients receiving the study pro-
phylaxis as well as HEC treatment [16]. Compared to APR
+ GRAN, NEPA demonstrated non-inferiority, with favorable
overall CR (73.8% vs 72.4%), overall no emesis (75.0% vs
74.0%), no rescue medication (96.6% vs 93.5%), and no sig-
nificant nausea (75.7% vs 70.4%), with a similar safety profile
[16].

While clinical trials and a recent network meta-analysis
comparing the efficacy of different triple antiemetic regimens
[17, 18] indicate favorable outcomes for NEPA, less is known
about the relative cost-effectiveness of NK1 RA-containing
regimens in the US. Therefore, this study was conducted to
evaluate the US cost-effectiveness of NEPA versus APR +
GRAN in CINV prevention based on the patient-level data
of the aforementioned phase 3 study [16].

Methods

Overview

This economic analysis comparing NEPA to APR + GRAN in
the prevention of CINV post-HEC administration was con-
ducted from a US healthcare perspective and included direct
CINV prophylaxis and treatment costs as well as quality-
adjusted life-days (QALDs) over a single chemotherapy cycle.
Efficacy inputs were based on individual patient-level data
from the phase 3 non-inferiority clinical trial described above
[16]. Healthcare resource use (HCRU), costs of CINV-related
events, drug costs, and CINV-related utilities were not collect-
ed in the trial and were obtained from the literature and
assigned to each trial subject based on their individually ob-
served outcomes (i.e., CINV events) and drug utilization pat-
tern (i.e., antiemetic prophylaxis and rescue medications).

Efficacy

The efficacy of NEPA and APR + GRAN was derived based
on the trial patient-level data [16]. In brief, chemotherapy-
naïve patients scheduled to receive their first course of
cisplatin-based chemotherapy for a solid tumor were random-
ized to receive a single oral dose of NEPA or 3 days of oral
APR plus a single dose of intravenous GRAN, each in com-
binationwith oral dexamethasone on days 1 through 4. Emetic
events and rescue medication use were recorded on days 1
through 5. The primary clinical endpoint was CR over the 5-
day period post-HEC; the study was powered to assess this
endpoint on a non-inferiority basis. The severity of nausea
was measured on days 1 through 5 using a 100-mm visual
analogue scale (VAS), with 0 mm representing Bno nausea^
and 100 mm representing Bnausea as bad as it could be.^
Prespecified secondary endpoints for efficacy included daily
CR rates and no significant nausea (i.e., VAS < 25 mm) [16].

The efficacy of CINV prophylaxis on each day (1 through
5) was categorized as complete protection (CP, defined as
absence of any of an emetic episode or use of rescue medica-
tion and no significant nausea), CR (defined as no emetic
episodes or rescue medication use, regardless of VAS score),
or incomplete response (IR, all other patients). Efficacy out-
comes used in the cost-effectiveness analysis included the
proportions of patients with overall CR, severe nausea
(VAS > 80 mm), or prolonged CINV (≥ 3 days of emetic ep-
isodes or rescue medication use).

Although 417 patients per group were randomized (intent-
to-treat [ITT] population), 6 did not receive study drug
(NEPA: n = 4; APR + GRAN: n = 1) or HEC (NEPA: n = 1).
Thus, the FAS population, which was used in the base-case
analysis, included 412 and 416 patients randomized to NEPA
and APR + GRAN, respectively. The mean patient age was
54.5 years; most patients were male (71%), 100%were Asian,
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98% had an Eastern Cooperative Oncology Group (ECOG)
performance status score of 0 or 1, and 66% had lung cancer
(Table 1) [16].

There was a numerical advantage in overall CR for NEPA
(+1.4 percentage points), but this was not statistically signifi-
cant (the trial was powered for non-inferiority). On the
prespecified secondary endpoint of daily CR, event rates for
the two arms were similar for the initial 2 days and then fa-
vored NEPA over APR + GRAN, with the difference becom-
ing statistically significant by day 5 (8% vs 13.9%; P =
0.0063). There were fewer patients with prolonged CINV in
the NEPA arm versus the APR +GRAN arm (8.5% vs 12.3%)
[16, 19].

Utilities

Utilities of 0.90, 0.70, and 0.24 were assigned for the outcomes
of CP, CR, and IR, respectively, consistent with previously pub-
lished economic models for CINV [20, 21]. Quality-adjusted
life-days (QALDs) were calculated by summing the patient’s
quality-adjusted time over the 5-day trial; given the average age
and disease burden, themaximum possible QALDs (i.e., having
no CINV) for the period was 4.5 (i.e., 0.90 × 5 days).

Resource use and cost

Per-patient CINV-related costs included antiemetic prophy-
laxis, rescue medications, and medical costs of CINV-related
events. The costs of antiemetic prophylaxis and rescue

medication drug use were assigned to each arm based on us-
age actually observed in the trial. The January 2018 Medicare
average sales price (ASP) [22] plus 6% was used for intrave-
nous products, and January 2018 wholesale acquisition costs
(WAC) [23] plus 3% were used for oral products and 1 intra-
venous rescue medication (esomeprazole) without an avail-
able ASP (Table 2 and Supplementary Table 1).
Administration costs for injectable medications and a dispens-
ing fee for oral drugs were added based on literature [24, 25]
(see Table 2 for details). A $50 patient copayment was as-
sumed for oral study drugs APR and NEPA (Table 2).

Since HCRUwas not recorded in the trial, medical cost per
episode of CINV was assigned to patients based on literature
values. Specifically, Burke et al. found that 6.4% of patients
receiving antiemetic prophylaxis had a CINV-related visit (in-
patient, ED, or outpatient hospital) within 6 days post-HEC
[5]. While Burke truncated costs for this 6.4% of patients at
6 days post-HEC initiation, CINV-related costs may continue
to accrue beyond this initial period. To avoid artificially trun-
cating costs at the 6-day mark, the mean CINV cumulative
costs up to 10 days post-HEC reported by Burke et al. was
used—i.e., $9920 (derived by multiplying the full-population
mean CINV-related 10 days post-HEC cost [$417] across all
patients [n = 3069], and then dividing by the number of pa-
tients who actually incurred CINV related-costs [n = 196]
within 6 days post-HEC, and adjusting to 2018 US dollars
using the medical care component of the consumer price in-
dex) [5, 26]. This cost is consistent with findings of other
economic assessments of CINV cost [4, 27]. In sensitivity
analyses, the effect of truncating HCRU cost at 6 days post-
HEC and 50% of the 6-day truncated HCRU cost (i.e., $2593)
was investigated.

Assuming patients with the worst nausea VAS scores were
most likely to receive medical treatment for CINV, patients in
the APR + GRAN study arm were ranked by highest VAS
score over the 5 days; the score for the top 6.4% of patients
was determined to be greater than 80mm. Tomirror the CINV
resource use frequency findings from Burke et al., any patient
(regardless of treatment arm) with a VAS greater than 80 mm
was assigned a $9920 CINV cost. An alternative approach to
assigning patients for resource use was considered, whereby
patients in the APR + GRAN study arm were ranked by max-
imum patient-reported duration of vomiting and/or retching
over the 5 days; the duration for the top 6.4% of patients
was more than 8.5 h. In this alternative, any patient with a
vomiting and/or retching duration more than 8.5 h was
assigned the $9920 cost. Separate analyses evaluated different
VAS thresholds (± 10 mm from baseline of 80 mm).

Missing data and imputation

A separate scenario analysis was performed based on the ITT
population. Specifically, for NEPA patients who did not

Table 1 Baseline patient characteristics of the full analysis set (FAS)
population

Characteristics NEPA
(N = 412)

APR + GRAN
(N = 416)

Total
(N = 828)

Age, mean (SD), years 54.5 (9.59) 54.5 (10.24) 54.5 (9.91)

Sex

Male 291 (70.6%) 297 (71.4%) 588 (71.0%)

Female 121 (29.4%) 119 (28.6%) 240 (29.0%)

Asian ethnicity 412 (100.0%) 416 (100.0%) 828 (100.0%)

ECOG PS score

0 175 (42.5%) 171 (41.1%) 346 (41.8%)

1 230 (55.8%) 236 (56.7%) 466 (56.3%)

2 7 (1.7%) 9 (2.2%) 16 (1.9%)

Cancer type

Lung cancer 275 (66.7%) 267 (64.2%) 542 (65.5%)

Not lung cancer 137 (33.3%) 149 (35.8%) 286 (34.5%)

Metastatic disease status

Yes 176 (42.7%) 136 (32.7%) 312 (37.7%)

No 236 (57.3%) 280 (67.3%) 516 (62.3%)

APR, aprepitant; ECOG, Eastern Cooperative Oncology Group; GRAN,
granisetron; NEPA, netupitant and palonosetron; PS, performance status
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receive study drug, drug cost was $0 and the worst CINV-
related outcome was assumed (i.e., a cost of $9920 for severe
nausea and a utility of IR). Study drug but not CINV costs
were assigned to the NEPA patient who received study drug
but did not receive HEC. A utility of zero and total cost of $0
were assigned to the APR + GRAN patient who died prior to
study drug administration.

Subgroup analyses

Cost-effectiveness was assessed in subgroups by disease ex-
tent (metastatic vs non-metastatic) and cancer type (lung can-
cer vs other).

Primary endpoint and analysis for cost-effectiveness

The primary outcomemeasures of this cost-effectiveness anal-
ysis were the net monetary benefit (NMB) and the probability
that NEPA is cost-effective versus APR + GRAN at a
willingness-to-pay (WTP) per quality-adjusted life-year
(QALY) gained threshold of $25,000 or lower ($100,000 in
sensitivity analysis) [28]. The NMB was calculated as the
QALY gained multiplied by the WTP per QALY ($25,000),
to which the cost savings associated with NEPA (relative to
APR + GRAN) were added. The NMB is effectively the sum
of the monetized QALY gained plus the cost savings. A pos-
itive NMB implies NEPA is cost-effective at the $25,000 per
QALY threshold; the higher the NMB, the more cost-effective
NEPA is. The probability that NEPA is cost-effective at WTP
per QALYs gained was derived via multivariate sensitivity
analysis combining bootstrapping (for efficacy assumptions)
and probabilistic sensitivity analysis (PSA, for all other inputs,
i.e., cost and utilities) [29] in 10,000 model simulations. In the
PSA, for each of the 10,000 simulations, parameters were
drawn from a probability distribution varying rescue medica-
tion prices (± 10%), the cost of CINV-related HCRU, and

utility values associated with each health state (Table 3).
Simultaneously to the PSA, the bootstrap simulated a new trial
for each of the 10,000 simulations by drawing (with replace-
ment) from the original trial. Each PSA result is linked to a
bootstrapped trial and, as such, uncertainty around the efficacy
and other input parameters can be analyzed using simple de-
scriptive statistics such as nonparametric bootstrapped confi-
dence intervals (CIs). The uncertainty of cost estimates and
QALDs was estimated by the 2.5 and 97.5 percentile (i.e.,
bootstrapped CI) [30]. Additional univariate sensitivity anal-
yses covered the scenarios for a ± 25% change in study drug
cost difference and a ± 25% change in CINV HCRU cost. All
calculations were performed using Microsoft Excel 2016.

Results

Compared to the use of APR + GRAN, the use of NEPA
resulted in numerically better (+1.4 percentage points) CR
rates (73.8% vs 72.4%; 95% CI −4.6% to 7.7%), a 2.6-per-
centage point reduction of severe CINV (i.e., VAS > 80 mm)
(4.1% vs 6.7%; 95% CI −5.8% to 0.5%) and a 3.8-percentage
point reduction of patients with 3 or more days of emetic
episodes or rescue medication use (8.5% vs 12.3%; 95% CI
−8.2% to 0.0%). Compared to APR + GRAN, NEPA resulted
in a non-significant gain of 0.09 QALDs (95% CI −0.06 to
0.25) and a statistically significant total per-patient cost reduc-
tion of $309 (95% CI $4 to $626). The latter was attributable
to a mean (95% CI) decrease of $258 (−$46 to $572) in med-
ical costs of CINV-related events ($409 [$215 to $612] vs
$668 [$412 to $931]), a $45 reduction in study drug costs
($531 vs $577), and a $5 (−$1 to $15) reduction in rescue
medication costs ($3 [$1 to $5] vs $8 [$2 to $17]). The results
of the joint bootstrap and PSA simulations are presented as
incremental effects and costs in Fig. 1. Importantly, NEPA
resulted in lower costs and higher QALDs (and hence was

Table 2 Costs of study drugs and
other items Item Dosage Costa Source

Study drug costs

Netupitant and palonosetron (oral) 1 capsule $560.00 Red Book 2018 [23]

Aprepitant (oral) Pack of 3 $576.99 Red Book 2018 [23]

Granisetron (IV) 3 mg $9.51 CMS 2018a [22]

Dexamethasone (oral) 7 × 4 mg $0.10 Red Book 2018 [23]

Other cost items

Patient copay (oral antiemetic study drug only) $50.00 Assumption

Dispensing fee (oral products only) $1.87 PBMI 2015 [25]

Administration cost (IV, SubQ products only) $18.36 CMS 2018b [24]

Administration cost (intramuscular) $20.88 CMS 2018b [24]

CMS, Centers for Medicare &Medicaid Services; IV, intravenous; SubQ, subcutaneous; PBMI, Pharmacy Benefit
Management Institute
a Costs in 2018 US dollars
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considered Beconomically dominant^) in 86.5% of joint boot-
strap and PSA simulations (i.e., simulations located in the
bottom-right quadrant of Fig. 1). The probability of NEPA
being cost-effective at a WTP threshold of at least $25,000
was 97.8% and the NMB was $315.

Sensitivity and subgroup analyses

Table 4 provides detailed results of sensitivity and subgroup
analyses. Overall, these confirm the robustness of the base-
case results, namely that NEPA is cost-effective. Of note,
NEPA was particularly highly cost-effective when the 8.5-h
vomiting and/or retching threshold was used to define severe
nausea, which resulted in fewer patients having severe nausea in
the NEPA treatment group (1.94% vs 6.49%; P = 0.001), and in
the metastatic population. NEPA remained highly cost-effective
(and cost-saving) even when the costs of CINV were assumed
to be lower, the ITT population was used (instead of the FAS),
and the analysis was restricted to the metastatic population.

Discussion

Limited data exist to directly compare NK1 RA prophylaxis
regimens. This study is, to the best of our knowledge, the first
to evaluate the economic impact of the selection of an NK1
RA based on actual clinical outcomes from a head-to-head
randomized trial comparing two NK1 RA-containing regi-
mens. The consequences of CINV are meaningful from both
clinical and economic perspectives, and consideration of op-
portunities for maximizing outcomes and cost-effectiveness is
highly warranted at this time of increasing scrutiny of the cost
of cancer treatment.

In our analysis, NEPA showed favorable outcomes
against APR + GRAN, with a numerically greater

proportion of patients (73.8% vs 72.4%; 95% CI -4.6% to
7.7%) experiencing CR, as well as improvements in severe
nausea (VAS > 80 mm) and prolonged CINV (≥ 3 days). Our
economic analysis utilized the patient-level data from which
those findings were derived to determine that NEPA resulted
in statistically significant cost savings and a non-significant
increase in QALDs. The significant reduction in per-patient
cost resulted from a lower study drug cost and a decrease in
CINV-related costs (HCRU and rescue medication cost) due
to NEPA’s higher efficacy in preventing severe nausea. A
key strength of the methods used in our analysis is the
reliance upon the individual patient-level data. The latter
allowed us to conduct the economic analyses using a sto-
chastic approach (i.e., full sensitivity analysis) to more fully
capture the uncertainty and variability inherent to the data.
The sensitivity analyses confirmed the robustness of the re-
sults and demonstrated that NEPA is cost-effective at con-
servative WTP thresholds and various thresholds for defin-
ing nausea severe enough to require acute care. NEPA was
also cost-effective when severe nausea was defined by a
threshold based on patient-reported duration of vomiting
and/or retching (> 8.5 h). Moreover, NEPA remained cost-
effective in the ITT population despite the four patients in
the NEPA study arm assumed to be treatment failures due to
not receiving study drug. The analyses demonstrated
NEPA’s cost-effectiveness over different time horizons (6
and 10 days) post-HEC and indicated a considerable cost
savings potential of NEPA versus APR + GRAN over the
course of the complete chemotherapy. In the subgroup of
patients with metastatic disease, the cost savings of NEPA
versus APR + GRAN were especially high.

Our results are consistent with prior analyses of direct
CINV costs in the 5 days post-HEC in the US [31] as well
as other analyses evaluating the cost-effectiveness of NEPA
versus other NK1 RA- and 5-HT3 RA-containing regimens.

Table 3 Summary of key model
input parameters and distribution
for the sensitivity analyses

Item Mean SE Distribution for PSA Source

Utilities

Complete protectionb 0.9 0.18 Beta Cawston 2017 [20]

Complete responsec 0.7 0.14 Beta Cawston 2017 [20]

Incomplete responsed 0.24 0.048 Beta Cawston 2017 [20]

HCRU costa

Cost per patient with severe nauseae $9920 $820 Gamma Burke 2011 [5]

HCRU, healthcare resource use; PSA, probabilistic sensitivity analysis; SE, standard error
a Adjusted to 2018 US dollars
b Complete protection (CP) defined as absence of any of an emetic episode or use of rescue medication and no
significant nausea (visual analogue scale [VAS] score < 25 mm)
c Complete response (CR) defined as no emetic episodes or rescue medication with a VAS score ≥ 25 mm
d Incomplete response (IR) if there was no CP or CR
e Severe nausea defined as VAS > 80 mm
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Restelli et al. evaluated the incremental cost-utility from the
Italian healthcare perspective of NEPA versus APR plus
PALO, fosaprepitant (fAPR) plus PALO, APR plus
ondansetron (ONDA), and fAPR plus ONDA in patients re-
ceiving HEC. Compared to all four comparator regimens,
NEPA resulted in decreased incremental medical cost (€30–
€71) and increased incremental QALDs (0.08–0.26) in HEC
patients [32]. Similarly, from a British healthcare perspective,
NEPAwas the dominant strategy in HEC patients, resulting in
a reduction of costs and a gain of QALDs versus APR +
PALO [20]. The results are also consistent with the
finding—noted within the National Comprehensive Cancer
Network (NCCN) guidelines for antiemesis [8]—that
netupitant is effective at decreasing delayed nausea. One pos-
sible basis for the relative benefits of NEPA may be that both
components of NEPA have half-lives longer than alternative
injectable 5-HT3 RA and NK1 RA agents, potentially enhanc-
ing CINV prevention in the delayed phase [33].

Both the 5-HT3 RA and the NK1 RA agents differed be-
tween arms in the underlying clinical trial. Many clinical stud-
ies have evaluated comparative 5-HT3 agents; this is the first
to assess comparative NK1 RA agents head-to-head. The ad-
vantages shown for NEPA—in terms of fewer overall days of
CINVevents, shorter overall duration of vomiting, and fewer
patients with ≥ 3 days of CINV—all suggest a benefit in the

delayed stage, which has been typically attributed to the NK1
RA contribution to prophylaxis.

Although the numerical percentage point difference between
NEPA and APR + GRAN in avoided CINVevents is not large,
the prevalence of chemotherapy use makes these small differ-
ences meaningful when considered in the aggregate at a popula-
tion level. Specifically, when further extrapolating the results of 1
cycle to a full treatment course averaging 4.5 cycles (as the
efficacy of NEPA has shown consistency across multiple cycles
in other studies [34]), the use of NEPA versus APR + GRAN
could result in an average per-patient cost reduction of $1391 per
course of therapy. When applied to the total patient population
randomized to NEPA in the trial (n = 412), these amount to a
savings of $572,886. These savings take on added meaning
given that CINV recently has been recognized as an opportunity
for quality improvement and cost reduction, included in both the
definition of what may be the first medical oncology outcome
measure (OP-35) imposed by CMS [6] and the landmark finding
by Basch et al. showing that monitoring chemotherapy symp-
toms including nausea and emesis improved survival [3]. The
incomplete physician adherence with recognized antiemesis
guidelines repeatedly reported in HEC [35, 36] suggests that
NEPA’s potential for cost and quality improvement in CINV,
based on results from a head-to-head clinical trial, is worthy of
consideration.

Fig. 1 Scatter plot of incremental effects and costs. Costs in 2018 US dollars. APR, aprepitant; GRAN, granisetron; NEPA, netupitant and palonosetron;
QALD, quality-adjusted life-day
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Limitations

The analysis had the following limitations. First, the clinical
trial did not record CINV-related cost or utilities and these had
to be assigned retrospectively based on published values.
However, sensitivity analyses indicated that NEPA remained
cost-effective when these assumptions were tested. Secondly,
the clinical trial was conducted in Asia rather than in the US.
However, there is not a basis to expect materially different
outcomes within a US population considering the pharmaco-
kinetic profiles of netupitant and palonosetron in Asian and
Caucasian patients [37]. Furthermore, the trial tested the use of
oral NK1 agents and GRAN rather than the more commonly
used ONDA; however, the antiemetic efficacy of these agents
is similar [38]. A separate analysis (data not shown) indicates
that NEPA would likely have remained cost-saving ($108)
versus APR + GRAN if the price of 1-day intravenous APR
(150 mg; $335) [23] was used instead of the price of 3-day
oral APR. In addition, our analysis does not ascribe any
CINV-related HCRU costs for mild to moderate nausea
(VAS ≤ 80 mm) and, as a result, might underestimate the total
cost per patient. The cost-utility findings reflect the state of
patients enrolled in a clinical efficacy trial. As such, these
results have high internal validity; however, the degree of
external validity might be lower when extrapolating these re-
sults to specific patient populations with potentially different
antiemetic response rates. Other downstream or indirect costs
that could result from CINV, such as those associated with
early discontinuation of chemotherapy or missed work among
patients and caregivers, were not considered; however, assum-
ing their impact would be associated with the degree of CINV,
the results would likely continue to favor NEPA. The present
analysis may be conservative as it excluded other benefits of
preventing CINV, such as the potential utility gains beyond
the initial 5-day post-chemotherapy initiation, the benefits of
CINV prevention in subsequent cycles, the reduction in
CINV-related chemotherapy discontinuation, or indirect costs.

Conclusions

Using patient-level outcomes data from a large compar-
ative phase 3 trial as well as conservative cost and util-
ities assumptions, this analysis suggests that NEPA im-
proves CINV outcomes at lower cost and is cost-effective
relative to aprepitant-based regimens in CINV prevention
for US patients receiving HEC. The cost reduction is
principally due to a decrease in the occurrence of severe
nausea with its associated medical cost and, to a lesser
extent, a lower drug cost. This result is aligned with
cost-effectiveness models assessing NEPA against com-
parator antiemetic prophylaxis, and supports the use of
NEPA within oncology practices seeking to improve

adherence to prophylaxis and optimize patient outcomes
and cost-effectiveness.

Acknowledgements Wewish to thank the anonymous reviewers for their
comments.

Funding This research was funded by Helsinn Therapeutics US, Inc.

Data availability All the data used in the analyses are presented in the
manuscript. The authors collectively retained control of the data used in
the analysis. We agree to allow the journal to review the data if requested,
under a specific confidentiality agreement.

Compliance with ethical standards

Research involving human participants This research is based on pre-
viously conducted studies and does not contain any studies with human
participants or animals performed by any of the authors.

Authorship All named authors meet the International Committee of
Medical Journal Editors (ICMJE) criteria for authorship for this article,
take responsibility for the integrity of the work as a whole, and have given
their approval for this version to be published. All authors had full access
to all data in this study and take complete responsibility for the integrity of
the data and accuracy of the data analysis. No potential author has been
excluded/omitted from the authorship.

Writing, editorial, and other assistance Editorial assistance in the prep-
aration of this article was provided by Catherine Mirvis of Pharmerit
International under funding from Helsinn Therapeutics US, Inc.

Disclosures Marc Botteman is a shareholder of Pharmerit International.
Shelby Corman, Katharina Nickel, and Marc Botteman are employees of
Pharmerit International. Pharmerit received funding from Helsinn
Therapeutics US, Inc., for study design, execution, analysis, and manu-
script development. Marco Turini and Gary Binder are employees and
shareholders of Helsinn Healthcare SA and Helsinn Therapeutics US,
Inc., respectively. Helsinn Therapeutics US, Inc. commercializes
AKYNZEO® (netupitant and palonosetron) in the US. AKYNZEO®
(netupitant and palonosetron) is the subject of the present economic
analysis.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a link
to the Creative Commons license, and indicate if changes were made.

References

1. Roila F, Molassiotis A, Herrstedt J, Aapro M, Gralla RJ, Bruera E,
Clark-Snow RA, Dupuis LL, Einhorn LH, Feyer P, Hesketh PJ,
Jordan K, Olver I, Rapoport BL, Roscoe J, Ruhlmann CH, Walsh
D, Warr D, van der Wetering M, participants of the MECCC (2016)
2016 MASCC and ESMO guideline update for the prevention of
chemotherapy- and radiotherapy-induced nausea and vomiting and
of nausea and vomiting in advanced cancer patients. Ann Oncol
27(suppl 5):v119–v133. https://doi.org/10.1093/annonc/mdw270

864 Support Care Cancer (2020) 28:857–866

https://doi.org/10.1093/annonc/mdw270


2. Sun CC, Bodurka DC, Donato ML, Rubenstein EB, Borden CL,
Basen-Engquist K, Munsell MF, Kavanagh JJ, Gershenson DM
(2002) Patient preferences regarding side effects of chemotherapy
for ovarian cancer: do they change over time? Gynecol Oncol
87(1):118–128. https://doi.org/10.1006/gyno.2002.6807

3. Basch E, Deal A, Dueck A, Bennett A, Atkinson T, Scher H, Kris
MG, Hudis A, Sabbatini P, Dulko D, Rogak L, Barz A, Schrag D
(2017) Overall survival results of a randomized trial assessing
patient-reported outcomes for symptom monitoring during routine
cancer treatment. J Clin Oncol 35(18 Suppl):155

4. Roeland R, Ma R, Binder G, Goldberg R, Paglia R, Knoth R,
Schwartzberg L (2017) Hospitalization costs for nausea and
vomiting: a savings opportunity. J Clin Oncol 35(31 Suppl):155

5. Burke TA, Wisniewski T, Ernst FR (2011) Resource utilization and
costs associated with chemotherapy-induced nausea and vomiting
(CINV) following highly or moderately emetogenic chemotherapy
administered in the US outpatient hospital setting. Support Care
Cancer 19(1):131–140. https://doi.org/10.1007/s00520-009-0797-
x

6. The Centers for Medicare & Medicaid Services (CMS) (2016)
CMS proposes hospital outpatient prospective payment changes
for 2017. https://www.cms.gov/newsroom/fact-sheets/cms-
proposes-hospital-outpatient-prospective-payment-changes-2017.
Accessed April 5, 2019

7. Hesketh PJ, Bohlke K, Lyman GH, Basch E, Chesney M, Clark-
Snow RA, Danso MA, Jordan K, Somerfield MR, Kris MG (2016)
Antiemetics: American Society of Clinical Oncology focused
Guideline Update. J Clin Oncol 34(4):381–386. https://doi.org/10.
1200/jco.2015.64.3635

8. National Comprehensive Cancer Network (2018) NCCN clinical
practice guidelines in oncology: Antiemesis version 1. https://
www.nccn.org/professionals/physician_gls/pdf/antiemesis.pdf.
Accessed May 8, 2018

9. Jordan K, Gralla R, Jahn F, Molassiotis A (2014) International
antiemetic guidelines on chemotherapy induced nausea and
vomiting (CINV): content and implementation in daily routine
practice. Eur J Pharmacol 722:197–202. https://doi.org/10.1016/j.
ejphar.2013.09.073

10. Morrow GR, Roscoe JA, Hickok JT, Stern RM, Pierce HI, King
DB, Banerjee TK, Weiden P (1998) Initial control of
chemotherapy-induced nausea and vomiting in patient quality of
life. Oncology (Williston Park, NY) 12(3 Suppl 4):32–37

11. Orange Book: Approved Drug Products With Therapeutic
Equivalence Evaluations: Product Details for NDA 022023. US
Food and Drug Administration. https://www.accessdata.fda.gov/
scripts/cder/ob/results_product.cfm?Appl_Type=N&Appl_No=
022023. Accessed January 17, 2019

12. Orange Book: Approved Drug Products With Therapeutic
Equivalence Evaluations: Product Details for NDA 209296. US
Food and Drug Administration. https://www.accessdata.fda.gov/
scripts/cder/ob/results_product.cfm?Appl_Type=N&Appl_No=
209296. Accessed January 17, 2019

13. Orange Book: Approved Drug Products With Therapeutic
Equivalence Evaluations: Product Details for NDA 210493. US
Food and Drug Administration. https://www.accessdata.fda.gov/
scripts/cder/ob/results_product.cfm?Appl_Type=N&Appl_No=
210493. Accessed January 17, 2019

14. Hesketh PJ, Rossi G, Rizzi G, Palmas M, Alyasova A, Bondarenko
I, Lisyanskaya A, Gralla RJ (2014) Efficacy and safety of NEPA, an
oral combination of netupitant and palonosetron, for prevention of
chemotherapy-induced nausea and vomiting following highly
emetogenic chemotherapy: a randomized dose-ranging pivotal
study. Ann Oncol 25(7):1340–1346. https://doi.org/10.1093/
annonc/mdu110

15. Aapro M, Karthaus M, Schwartzberg L, Bondarenko I, Sarosiek T,
Oprean C, Cardona-Huerta S, Hansen V, Rossi G, Rizzi G, Borroni

ME, Rugo H (2017) NEPA, a fixed oral combination of netupitant
and palonosetron, improves control of chemotherapy-induced nau-
sea and vomiting (CINV) over multiple cycles of chemotherapy:
results of a randomized, double-blind, phase 3 trial versus oral
palonosetron. Support Care Cancer 25(4):1127-1135.https://doi.
org/10.1007/s00520-016-3502-x

16. Zhang L, Lu S, Feng J, Dechaphunkul A, Chang J, Wang D,
Chessari S, Lanzarotti C, Jordan K, Aapro M (2018) A randomized
phase III study evaluating the efficacy of single-dose NEPA, a fixed
antiemetic combination of netupitant and palonosetron, versus an
aprepitant regimen for prevention of chemotherapy-induced nausea
and vomiting (CINV) in patients receiving highly emetogenic che-
motherapy (HEC). Ann Oncol 29(2):452–458. https://doi.org/10.
1093/annonc/mdx698

17. Shi Q, Li W, Li H, Le Q, Liu S, Zong S, Zheng L, Hou F (2016)
Prevention of cisplatin-based chemotherapy-induced delayed nau-
sea and vomiting using triple antiemetic regimens: a mixed treat-
ment comparison. Oncotarget 7(17):24402–24414. https://doi.org/
10.18632/oncotarget.8255

18. Abdel-Rahman O (2016) Neurokinin-1 inhibitors in the prevention
of nausea and vomiting from highly emetogenic chemotherapy: a
networkmeta-analysis. Ther AdvMedOncol 8(5):396–406. https://
doi.org/10.1177/1758834016654902

19. Roeland R, Binder G, Ma R, Lanzarotti C, Zhang L (2017)
Evaluation of daily breakthrough chemotherapy-induced nausea
and vomiting (CINV): rates in a phase 3 study of NEPA versus an
aprepitant (APR)/granisetron (GRAN) regimen. J Clin Oncol 35(31
Suppl):120

20. Cawston H, Bourhis F, Eriksson J, Ruffo P, D'Agostino P, Turini M,
Schwartzberg L, McGuire A (2017) NEPA, a new fixed combina-
tion of netupitant and palonosetron, is a cost-effective intervention
for the prevention of chemotherapy-induced nausea and vomiting in
the UK. Drugs Context 6:212298. https://doi.org/10.7573/dic.
212298

21. Lordick F, Ehlken B, Ihbe-Heffinger A, Berger K, Krobot KJ,
Pellissier J, Davies G, Deuson R (2007) Health outcomes and
cost-effectiveness of aprepitant in outpatients receiving antiemetic
prophylaxis for highly emetogenic chemotherapy in Germany. Eur
J Cancer 43(2):299–307. https://doi.org/10.1016/j.ejca.2006.09.
019

22. 2018 Q1 ASP Drug Pricing Files: Payment Allowance Limits
for Medicare part B Drugs (2018) Retrieved from CMS,
Centers for Medicare & Medicaid Services. https://www.
cms.gov/Medicare/Medicare-Fee-for-Service-Part-B-Drugs/
McrPartBDrugAvgSalesPrice/2018ASPFiles.html. Accessed
May 11, 2018

23. RED BOOK Online (2018) Micromedex Healthcare Series [data-
base online]. Truven Health Analytics, Greenwood Village, CO

24. 2018 Q1 CMS Payment Schedule for Injectable Medications and
2018 CMS Medicare Fee Schedule (2018) Retrieved from CMS,
Centers for Medicare & Medicaid Services. https://www.cms.gov/
Medicare/Medicare-Fee-for-Service-Payment/PhysicianFeeSched/.
Accessed May 11, 2018

25. PBMI drug benefit report (2015). https://www.pbmi.com/
ItemDetail?iProductCode=2014-2015_BDR&Category=
BDR&WebsiteKey=0a635f1b-bb59-4687-8a69-2a4c2892992b.
Accessed May 8, 2018

26. U.S. Bureau of Labor Statistics (2018) Consumer Price Index for
All Urban Consumers:Medical Care [CPIMEDSL]. Retrieved from
FRED, Federal Reserve Bank of St. Louis. https://fred.stlouisfed.
org/series/CPIMEDSL. Accessed July 2, 2018

27. Rashid N, Koh HA, Baca HC, Lin KJ, Malecha SE, Masaquel A
(2016) Economic burden related to chemotherapy-related adverse
events in patients with metastatic breast cancer in an integrated
health care system. Breast Cancer (Dove Med Press) 8:173–181.
https://doi.org/10.2147/BCTT.S105618

Support Care Cancer (2020) 28:857–866 865

https://doi.org/10.1006/gyno.2002.6807
https://doi.org/10.1007/s00520-009-0797-x
https://doi.org/10.1007/s00520-009-0797-x
https://www.cms.gov/newsroom/fact-sheets/cms-proposes-hospital-outpatient-prospective-payment-changes-2017
https://www.cms.gov/newsroom/fact-sheets/cms-proposes-hospital-outpatient-prospective-payment-changes-2017
https://doi.org/10.1200/jco.2015.64.3635
https://doi.org/10.1200/jco.2015.64.3635
https://www.nccn.org/professionals/physician_gls/pdf/antiemesis.pdf.
https://www.nccn.org/professionals/physician_gls/pdf/antiemesis.pdf.
https://doi.org/10.1016/j.ejphar.2013.09.073
https://doi.org/10.1016/j.ejphar.2013.09.073
https://www.accessdata.fda.gov/scripts/cder/ob/results_product.cfm?Appl_Type=N&Appl_No=022023
https://www.accessdata.fda.gov/scripts/cder/ob/results_product.cfm?Appl_Type=N&Appl_No=022023
https://www.accessdata.fda.gov/scripts/cder/ob/results_product.cfm?Appl_Type=N&Appl_No=022023
https://www.accessdata.fda.gov/scripts/cder/ob/results_product.cfm?Appl_Type=N&Appl_No=209296
https://www.accessdata.fda.gov/scripts/cder/ob/results_product.cfm?Appl_Type=N&Appl_No=209296
https://www.accessdata.fda.gov/scripts/cder/ob/results_product.cfm?Appl_Type=N&Appl_No=209296
https://www.accessdata.fda.gov/scripts/cder/ob/results_product.cfm?Appl_Type=N&Appl_No=210493
https://www.accessdata.fda.gov/scripts/cder/ob/results_product.cfm?Appl_Type=N&Appl_No=210493
https://www.accessdata.fda.gov/scripts/cder/ob/results_product.cfm?Appl_Type=N&Appl_No=210493
https://doi.org/10.1093/annonc/mdu110
https://doi.org/10.1093/annonc/mdu110
https://doi.org/10.1007/s00520-016-3502-x
https://doi.org/10.1007/s00520-016-3502-x
https://doi.org/10.1093/annonc/mdx698
https://doi.org/10.1093/annonc/mdx698
https://doi.org/10.18632/oncotarget.8255
https://doi.org/10.18632/oncotarget.8255
https://doi.org/10.1177/1758834016654902
https://doi.org/10.1177/1758834016654902
https://doi.org/10.7573/dic.212298
https://doi.org/10.7573/dic.212298
https://doi.org/10.1016/j.ejca.2006.09.019
https://doi.org/10.1016/j.ejca.2006.09.019
https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Part-B-Drugs/McrPartBDrugAvgSalesPrice/2018ASPFiles.html
https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Part-B-Drugs/McrPartBDrugAvgSalesPrice/2018ASPFiles.html
https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Part-B-Drugs/McrPartBDrugAvgSalesPrice/2018ASPFiles.html
https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/PhysicianFeeSched/
https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/PhysicianFeeSched/
https://www.pbmi.com/ItemDetail?iProductCode=2014-2015_BDR&Category=BDR&WebsiteKey=0a635f1b-bb59-4687-8a69-2a4c2892992b.
https://www.pbmi.com/ItemDetail?iProductCode=2014-2015_BDR&Category=BDR&WebsiteKey=0a635f1b-bb59-4687-8a69-2a4c2892992b.
https://www.pbmi.com/ItemDetail?iProductCode=2014-2015_BDR&Category=BDR&WebsiteKey=0a635f1b-bb59-4687-8a69-2a4c2892992b.
https://fred.stlouisfed.org/series/CPIMEDSL
https://fred.stlouisfed.org/series/CPIMEDSL
https://doi.org/10.2147/BCTT.S105618


28. van Hout BA, Al MJ, Gordon GS, Rutten FF (1994) Costs, effects
and C/E-ratios alongside a clinical trial. Health Econ 3(5):309–319

29. Lord J, Asante MA (1999) Estimating uncertainty ranges for costs
by the bootstrap procedure combined with probabilistic sensitivity
analysis. Health Econ 8(4):323–333

30. Lumme S, Sund R, Leyland AH, Keskimaki I (2015) A Monte
Carlo method to estimate the confidence intervals for the concen-
tration index using aggregated population register data. Health Serv
Outcome Res Methodol 15(2):82–98. https://doi.org/10.1007/
s10742-015-0137-1

31. Haiderali A, Menditto L, Good M, Teitelbaum A, Wegner J (2011)
Impact on daily functioning and indirect/direct costs associated with
chemotherapy-induced nausea and vomiting (CINV) in a U.S. pop-
ulation. Support Care Cancer 19(6):843–851. https://doi.org/10.
1007/s00520-010-0915-9

32. Restelli U, SaibeneG, Nardulli P, Di Turi R, Bonizzoni E, Scolari F,
Perrone T, Croce D, Celio L (2017) Cost-utility and budget impact
analyses of the use of NEPA for chemotherapy-induced nausea and
vomiting prophylaxis in Italy. BMJ Open 7(7):e015645. https://doi.
org/10.1136/bmjopen-2016-015645

33. Navari RM (2015) Profile of netupitant/palonosetron (NEPA) fixed
dose combination and its potential in the treatment of
chemotherapy-induced nausea and vomiting (CINV). Drug Des
Devel Ther 9:155–161. https://doi.org/10.2147/DDDT.S76158

34. Gralla RJ, Bosnjak SM, Hontsa A, Balser C, Rizzi G, Rossi G,
Borroni ME, Jordan K (2014) A phase III study evaluating the
safety and efficacy of NEPA, a fixed-dose combination of
netupitant and palonosetron, for prevention of chemotherapy-
induced nausea and vomiting over repeated cycles of

chemotherapy. Ann Oncol 25(7):1333–1339. https://doi.org/10.
1093/annonc/mdu096

35. O'Sullivan CC, Van Houten HK, Sangaralingham LR, Leal AD,
Shinde S, Liu H, Ettinger D, Loprinzi CL, Ruddy KJ (2018) Ten-
year trends in antiemetic prescribing in patients receiving highly
emetogenic chemotherapy. J Natl Compr Cancer Netw 16(3):294–
299. https://doi.org/10.6004/jnccn.2017.7043

36. Roeland E, Ruddy KJ, LeBlanc TW, Nipp RD, Binder G,
Sebastiani S, Potluri RC, Schmerold LM, Papademetriou E,
Navari RM (2018) What the HEC? Physician variation and attain-
able compliance targets in antiemetic prophylaxis. J Clin Oncol
36(suppl 34): abstr 74

37. Chen R, Chessari S, Lanzarotti C, Bernareggi A, Hu P (2017)
1555P Pharmacokinetic (PK) study of a single oral dose of NEPA
in Chinese healthy volunteers (HVs). Ann Oncol 28 (suppl_5):548.
https://doi.org/10.1093/annonc/mdx388.015

38. Vrabel M (2007) Is ondansetron more effective than granisetron for
chemotherapy-induced nausea and vomiting? A review of compar-
ative trials. Clin J Oncol Nurs 11(6):809–813. https://doi.org/10.
1188/07.CJON.809-813

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

866 Support Care Cancer (2020) 28:857–866

https://doi.org/10.1007/s10742-015-0137-1
https://doi.org/10.1007/s10742-015-0137-1
https://doi.org/10.1007/s00520-010-0915-9
https://doi.org/10.1007/s00520-010-0915-9
https://doi.org/10.1136/bmjopen-2016-015645
https://doi.org/10.1136/bmjopen-2016-015645
https://doi.org/10.2147/DDDT.S76158
https://doi.org/10.1093/annonc/mdu096
https://doi.org/10.1093/annonc/mdu096
https://doi.org/10.6004/jnccn.2017.7043
https://doi.org/10.1093/annonc/mdx388.015
https://doi.org/10.1188/07.CJON.809-813
https://doi.org/10.1188/07.CJON.809-813

	Cost-effectiveness...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Overview
	Efficacy
	Utilities
	Resource use and cost
	Missing data and imputation
	Subgroup analyses
	Primary endpoint and analysis for cost-effectiveness

	Results
	Sensitivity and subgroup analyses

	Discussion
	Limitations

	Conclusions
	References


