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ABSTRACT

Introduction: Fosnetupitant is a novel neu-
rokinin 1 receptor antagonist (NK1RA) with
favorable antiemetic efficacy in patients receiv-
ing emetogenic chemotherapy. This study
assessed the efficacy of fosnetupitant in combi-
nation with palonosetron and dexamethasone
and identified risk factors for chemotherapy-
induced nausea and vomiting (CINV) for up to

168 h after treatment using pooled data from
Japanese studies.
Methods: A pooled analysis of randomized
phase II and phase III studies was performed to
compare the efficacy of fosnetupitant and fos-
aprepitant in patients receiving cisplatin-based
chemotherapy. The complete response (CR; no
vomiting and no rescue medication) rate, CINV
risk factors in various phases (0–120, 0–168, and
120–168 h), and impact of the number of risk
factors on the time to treatment failure (TTF)
were examined in the overall and NK1RA
evaluable populations.
Results: In the combined cohort of NK1RA
evaluable patients (n = 980), the CR rate at
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0–168 h was significantly better in the fosne-
tupitant 235 mg group than in the fosaprepitant
group (rate difference = 6.8%, 95% confidence
interval = 1.0–12.7, p = 0.022). In the overall
(n = 1368) and NK1RA evaluable populations,
the CINV risk factor at 120–168 h was treatment
failure in the first 120 h. TTF deteriorated as the
number of identified CINV risk factors
increased.
Conclusion: This analysis revealed that fosne-
tupitant could have long-acting antiemetic
potency ([ 120 h) and indicated the impor-
tance of antiemetic therapy at 0–120 h for CINV
up to 168 h after chemotherapy.

Keywords: Chemotherapy; Cisplatin; Nausea;
Neurokinin 1 receptor antagonist; Vomiting

Key Summary Points

Why carry out this study?

Fosnetupitant can be used
prophylactically as an antiemetic for
chemotherapy-induced nausea and
vomiting (CINV); however, its longer-
term efficacy needs to be confirmed.

The risk factors for CINV up to 168 h after
chemotherapy administration are unclear.

What was learned from this study?

The complete response rate was
significantly better with fosnetupitant
compared with fosaprepitant.

Treatment failure in the first 120 h after
chemotherapy administration was a risk
factor for CINV.

INTRODUCTION

Chemotherapy-induced nausea and vomiting
(CINV) is a frequent adverse event of anticancer
drugs [1–5]. There are reports that the develop-
ment of CINV negatively affects the quality of
life (QOL) of patients with cancer [6, 7].

Therefore, the prevention and management of
CINV are crucial for the continuation of
chemotherapy and maintaining QOL.

For highly emetogenic chemotherapy (HEC),
which causes CINV in[90% of patients who do
not receive any prophylaxis, and moderately
emetogenic chemotherapy (MEC), which causes
CINV in 30–90% of patients, current guidelines
recommend proactive preventive antiemetic
therapy. For patients receiving HEC or certain
MEC regimens, three-drug combination therapy
with a neurokinin 1 (NK1) receptor antagonist, a
serotonin (5HT3) receptor antagonist, and dex-
amethasone (DEX) is mainly used, and in some
guidelines, four-drug combination therapy fea-
turing the addition of olanzapine is recom-
mended or considered an option [8–11]. The
timing of CINV onset is classified as acute
(within 24 h after chemotherapy initiation) or
delayed ([24 h after chemotherapy initiation).
Although most clinical trials assessed the
occurrence of CINV events up to 5 days, delayed
CINV often occurs even after 5 days. In fact, a
large prospective observational study in Japan
revealed that 15–25% of patients with cancer
who received cisplatin-based HEC, non-cis-
platin–based HEC, or MEC had nausea on days 6
and 7 [12]. To maintain patient QOL, it is
important to consider antiemetic prophylaxis
based on the premise that CINV develops dur-
ing the conventional overall phase (0–120 h
after anticancer drug administration) and the
longer period up to at least 7 days.

Although the risk of CINV depends heavily
on the type of anticancer drug, patient-related
factors must also be considered. Patient-related
risk factors described in various guidelines
include young age, female sex, and drinking
history [8, 9]. However, studies that identified
these patient-related risk factors contained a
variety of anticancer drug regimens and antie-
metic regimens. Patient-related risk factors in
cisplatin-containing chemotherapy with NK1

receptor antagonist (NK1RA) have not been
clearly identified.

In two studies that evaluated fosnetupitant
(FosNTP), a novel NK1RA, in patients receiving
cisplatin-based chemotherapy, CINV events
were evaluated for up to 168 h after cisplatin
administration [13–15]. Although FosNTP
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tended to improve CINV control at 0–168 h,
there is not enough evidence of its antiemetic
efficacy. In addition, CINV risk factors for cis-
platin-based chemotherapy at 0–168 h have not
been clearly extracted. Thus, using the datasets
of two studies that evaluated FosNTP in patients
receiving a cisplatin-based regimen for 7 days,
we assessed the efficacy of FosNTP in combina-
tion with the 5HT3 receptor antagonist palo-
nosetron (PALO) and DEX for up to 168 h after
treatment and investigated general or each
drug’s risk factors for CINV in the overall pop-
ulation or the patients who received FosNTP or
fosaprepitant (FosAPR), respectively.

METHODS

Study Design and Treatment

The datasets of two studies that evaluated the
efficacy and safety of FosNTP in patients with
cancer who had been scheduled to receive cis-
platin-based anticancer therapy were combined
to form the dataset for this study. The main
eligibility criteria common to both studies were
age C 20 years at the time of enrollment, receipt
of an anticancer drug regimen containing C 70
mg/m2 cisplatin, and provision of consent to
participate [13, 14]. The phase II study was
designed to evaluate the antiemetic effect and
safety of FosNTP 81 and 235 mg in combination
with PALO 0.75 mg and DEX versus placebo.
The phase III study (CONSOLE study) examined
the antiemetic effect and safety of FosAPR 150
mg and FosNTP 235 mg, both in combination
with PALO 0.75 mg and DEX. From the CON-
SOLE study, we utilized a dataset regarding a
single chemotherapy cycle, which was the first
cycle of anticancer drugs during which the
antiemetic effects of FosNTP and FosAPR on
CINV were investigated. The primary endpoint
of both studies was the overall complete
response (CR; no emetic event and no rescue
medication) rate.

In this analysis, the overall population was
defined as all patients in the FosNTP 81 mg,
FosNTP 235 mg, FosAPR, and placebo groups.
The population combining the FosNTP 235 mg
and FosAPR groups comprised the NK1RA

evaluable population. Because FosNTP 81 mg is
not approved in Japan, the FosNTP 81 mg group
was excluded from the NK1RA evaluable popu-
lation. Efficacy endpoints in the acute (0–24 h),
delayed (24–120 h), overall (0–120 h), extended
overall (0–168 h), extended delayed (24–168 h),
and beyond delayed (120–168 h) phases were
examined.

Statistical Analysis

The analysis set comprised the full analysis sets
(patient populations to which cisplatin, PALO,
DEX, and study drugs, or placebo was adminis-
tered on the first day of anticancer drug
administration) of both studies [13, 14].

To explore risk factors, we selected the fol-
lowing patient background factors in advance
for analysis: age (\55 years/ C 55 years), sex
(male/female), Eastern Cooperative Oncology
Group performance status (0/1), drinking his-
tory (no or rarely/yes), smoking history (no/
yes), motion sickness (no/yes), pregnancy-asso-
ciated vomiting (no/yes), type of cancer (lung/
other), cisplatin dose (\80 mg/m2/ C 80 mg/
m2), NK1RA (FosNTP 81 mg/FosNTP 235 mg/
FosAPR/placebo), and treatment failure in
0–120 h (no/yes).

The CR, total control (TC), and no nausea
rates in each phase were calculated in each
population and each study, and differences in
treatment outcomes between the FosNTP 235
mg and FosAPR groups and their 95% confi-
dence intervals (CIs) were calculated. The two
groups were compared using Fisher’s exact test.

In risk factor analysis, univariate and multi-
variate logistic regression were performed for
the overall population and NK1RA evaluable
population with treatment failure (no CR) in
each phase as a response variable and the
aforementioned patient background factors as
explanatory variables. The odds ratio, 95% CI,
and p-value for each background factor were
calculated. A background factor, namely treat-
ment failure in 0–120 h (no/yes), was included
as an explanatory variable only when risk fac-
tors for treatment failure in 120–168 h were
investigated. For multivariate logistic regres-
sion, a full model and the backward stepwise
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procedure were applied. Background factors
significant at p\0.05 using the backward
stepwise procedure were identified as risk fac-
tors. To evaluate the association between the
number of risk factors identified and treatment
failure, the Cochran-Armitage trend test was
performed. Moreover, the time to treatment
failure (TTF; time to the first emetic event or the
use of rescue medication) was estimated
according to the number of risk factors using
the Kaplan-Meier method. For intergroup com-
parisons, the log-rank test was performed.

Statistical analysis was performed using SAS
version 9.4 (SAS Institute Inc., Cary, NC, USA).

Compliance with Ethics Guidelines

This research was a pooled analysis of data
obtained from two previous studies. Both pre-
vious studies were performed in accordance
with the ethical principles of the Declaration of
Helsinki and Good Clinical Practice guidelines,
and the protocols were approved by the insti-
tutional review board of Hamamatsu University
Hospital (Hamamatsu-638 and -688) and other
participating institutions (Table S1).

Informed consent was obtained from all
individual participants included in the two
previous studies from which data were pooled
and analyzed in the present study.

RESULTS

Patient Backgrounds in the Combined
Dataset

The numbers of analyzed patients in the overall
and NK1 evaluable populations were 1368 and
980, respectively. Of these patients, 587
(n = 195 in the phase II study and n = 392 in the
phase III study) were included in the FosNTP
235 mg group. Patient characteristics in each
group are presented in detail in Table S2.
Among the treatment groups, no large imbal-
ance in patient background factors was
observed.

Efficacy in the Combined Dataset

The CR, TC, and no nausea rates in the FosNTP
235 mg and FosAPR groups in each phase are
presented in Table 1. In the overall phase, the
CR, TC, and no nausea rates did not differ
between the FosNTP 235 mg and FosAPR
groups. The CR rates during the extended
overall phase (0–168 h) were 73.8% and 66.9%
in the FosNTP 235 mg and FosAPR groups,
respectively, with a rate difference of 6.8% (95%
CI 1.0–12.7, p = 0.022). The CR rates in these
groups during the extended delayed phase
(24–168 h) were 74.8% and 68.4%, respectively,
with a rate difference of 6.3% (95% CI 0.6–12.1,
p = 0.035). The CR rates during the beyond
delayed phase (120–168 h) were 86.7% and
81.4% in the FosNTP 235 mg and FosAPR
groups, respectively, with a rate difference of
5.3% (95% CI 0.6–10.0, p = 0.030).

Exploration of Risk Factors Among
Patients in the Overall Population

The results of the exploration of contributing
factors to treatment failure in the overall pop-
ulation are presented in Table S3 and summa-
rized in Table 2. The following CINV risk factors
were identified in the overall phase: sex (fe-
male), performance status (1), drinking history
(no or rarely), smoking history (no), motion
sickness (yes), and NK1RA (placebo). The CINV
risk factors during the extended overall phase
were as follows: sex (female), performance sta-
tus (1), drinking history (no or rarely), smoking
history (no), and NK1RA (placebo). Meanwhile,
only treatment failure at 0–120 h (yes) was
identified as a CINV risk factor during the
beyond delayed phase. Moreover, a significant
correlation was observed between the number
of identified risk factors and treatment failure
(Table 3). In addition, TTF tended to deteriorate
as the number of risk factors increased (Fig. 1).

Exploration of Risk Factors in the NK1RA
Evaluable Population

The results of the exploration of contributing
factors to treatment failure in the NK1RA
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evaluable population are presented in Table S4
and summarized in Table 2. In the FosNTP 235
mg group, the following CINV risk factors were
identified in the overall phase: drinking history
(no or rarely), smoking history (no), and
motion sickness (yes). The risk factors during
the extended overall phase were drinking his-
tory (no or rarely) and smoking history (no),
and the only identified risk factor during the
beyond delayed phase was treatment failure in
0–120 h (yes). Conversely, in the FosAPR group,
the CINV risk factors in the overall phase were
smoking history (no) and motion sickness (yes),
whereas the risk factors during the extended
overall phase and beyond delayed phase were
sex (female) and treatment failure in 0–120 h
(yes), respectively. In both treatment groups, a
significant correlation was observed between
the number of risk factors identified and treat-
ment failure during the extended overall and
beyond delayed phases (Table 4). In addition,
TTF became significantly shorter as the number
of risk factors increased (Fig. 2a, b). The esti-
mated TTFs for FosNTP 235 mg and FosAPR
among patients with zero risk factors or one or
more risk factors are presented in Figure S1.

DISCUSSION

In the present analysis, we combined the data-
sets of two studies that evaluated the role of
FosNTP in patients receiving cisplatin-based
chemotherapy, which is an HEC, to further
confirm the efficacy of antiemetic therapy with
FosNTP and explored CINV risk factors in vari-
ous phases [13, 14]. The CR rate at 0–168 h
(extended overall phase) was significantly
higher for FosNTP than for FosAPR. In the
overall and NK1RA evaluable populations,
treatment failure in the first 120 h was related to
the risk of CINV events at 120–168 h.

This analysis used data from two clinical
studies with longer observation periods up to
168 h. One study was a phase II trial with 594
patients that assessed the efficacy and safety of
FosNTP combined with PALO and DEX for the
prevention of CINV in Japanese patients
receiving cisplatin-based chemotherapy. The
FosNTP dose of 235 mg was found to be more
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effective than placebo and FosNTP 81 mg. In
the confirmatory phase III CONSOLE study with
795 patients, the overall CR rates were 75.2%
and 71.0% in the FosNTP 235 mg and FosAPR
groups, respectively, demonstrating the non-
inferiority of FosNTP to FosAPR. The CR, TC,

and no nausea rates tended to be higher for
antiemetic therapy with FosNTP than for
FosAPR in the extended overall and beyond
delayed phases, but the differences were not
statistically significant. When the data from
these two studies with 980 patients were pooled

Table 3 Relationship between treatment failure and the number of risk factors in each phase in the overall population

Number of risk
factorsa

Treatment failure

Overall
(0–120 h)

Acute (0–24
h)

Delayed
(24–120 h)

Extended
overall
(0–168 h)

Extended
delayed
(24–168 h)

Beyond
delayed
(120–168 h)

N n (%) N n (%) N n (%) N n (%) N n (%) N n (%)

0 268 45

(16.8)

161 7 (4.3) 268 39

(14.6)

286 53

(18.5)

268 46

(17.2)

953 39 (4.1)

1 477 112

(23.5)

467 16 (3.4) 477 103

(21.6)

494 141

(28.5)

476 122

(25.6)

411 194

(47.2)

2 329 115

(35.0)

441 30 (6.8) 329 109

(33.1)

328 128

(39.0)

329 119

(36.2)

0 –

3 180 79

(43.9)

222 34

(15.3)

180 79

(43.9)

175 81

(46.3)

180 83

(46.1)

0 –

4 83 40

(48.2)

66 20

(30.3)

82 39

(47.6)

74 42

(56.8)

82 41

(50.0)

0 –

5 28 21

(75.0)

10 5 (50.0) 28 20

(71.4)

9 7 (77.8) 28 20

(71.4)

0 –

6 2 1 (50.0) 1 0 (0.0) 2 1 (50.0) 0 – 2 1 (50.0) 0 –

Cochran–Armitage

trend test

\ 0.001 \ 0.001 \ 0.001 \ 0.001 \ 0.001 \ 0.001

To calculate ‘‘rarely’’ in ‘‘drinking history (no or rarely/yes),’’ patients who drank ‘‘once a month or once a week’’ in each
original study were combined. ‘‘Yes’’ indicates patients who drank ‘‘every day’’ in each original study. To calculate ‘‘yes’’ in
‘‘smoking history (no/yes),’’ patients ‘‘who stopped smoking prior to 180 days before enrollment, those who stopped smoking
within 180 days before enrollment, and current smokers’’ in each original study were combined. Data were obtained from
the full analysis set
NK-1RA neurokinin 1 receptor antagonist
aRisk factors (overall): sex (female), performance status (1), drinking history 1 (no or rarely), smoking history 1 (no), motion
sickness (yes), NK-1RA (placebo). Risk factors (acute): age (\ 55), sex (female), drinking history 1 (no or rarely), motion
sickness (yes), cisplatin dose (C 80 mg/m2), NK-1RA (placebo). Risk factors (delayed): sex (female), performance status (1),
drinking history 1 (no or rarely), smoking history 1 (no), motion sickness (Yes), NK-1RA (placebo). Risk factors (0–168 h):
sex (female), performance status (1), drinking history 1 (no or rarely), smoking history 1 (no), NK-1RA (placebo). Risk
factors (24–168 h): sex (female), performance status (1), drinking history 1 (no or rarely), smoking history 1 (no), motion
sickness (Yes), NK-1RA (placebo). Risk factors (120–168 h): Treatment failure in 0–120 h (yes)
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and analyzed, the CR rate was significantly
higher in the FosNTP 235 mg group than in the
FosAPR group in longer periods up to 168 h
(0–168, 24–168, and 120–168 h). It is assumed
that the longer plasma half-life of netupitant,
the active form of FosNTP (70 h for netupitant
[13] vs. 9–13 h for the active form of FosAPR
[16]) enables it to maintain its efficacy for a
longer time including the beyond delayed
phase [13]. Conversely, the differences in the
CR rate in the evaluation periods including 168
h ranged 5.3–6.8% in this study, which were
lower than the clinically meaningful threshold
of 10% as indicated by MASCC and ESMO
guideline panel members [17]; therefore, further
confirmatory investigation is warranted. A rel-
atively large number of patients experience
CINV after 120 h, which indicates the necessity
to evaluate antiemetic drugs during a longer
period. Therefore, this result represents a
potential unmet medical need that has not been
observed in previous clinical trials for antie-
metic therapy. The persistence of antiemetic
efficacy for longer periods, which was made

possible by triple therapy with FosNTP, PALO,
and DEX, might provide better antiemetic
control in these patients.

In this study, we explored the risk factors for
the occurrence of nausea and vomiting in
patients receiving cisplatin-based chemother-
apy. This analysis has two novel features. One
feature is that this study investigated risk factors
over a longer period than previous studies, and
another is that it explored risk factors separately
according to the type of NK1RA, FosNTP 235 mg
and FosAPR. In this analysis, no large difference
was observed in CINV risk factors between the
overall and extended overall phases. In the
beyond delayed phase, treatment failure in the
overall phase was extracted as a CINV risk fac-
tor. This finding highlighted the necessity of
proactive antiemetic therapy from the begin-
ning of the anticancer therapy to improve
antiemetic control in the later phase. Usually,
anticipatory CINV is connected with the CINV
events that occurred during previous
chemotherapy [18–20]. The poor antiemetic

Fig. 1 Time to treatment failure curve classified by the number of risk factors at 0–168 h in the overall population. h hours

Adv Ther (2023) 40:4928–4944 4939



control might affect CINV control in the later
phase in the identical course [21].

When the analysis of CINV risk factors in the
extended overall phase was performed in the
FosNTP 235 mg and FosAPR groups separately,
drinking history (no or rarely) and smoking
history (no) were identified as risk factors for
the former group, and sex (female) was identi-
fied as a risk factor for the latter group.
Regarding the difference in risk factors between
the two groups, there might be interactions
among these factors. In univariate analysis,
drinking history (no or rarely), smoking history
(no), and sex (female) had significant odds
ratios in both groups. Because of their strong
associations with CINV and the limited number
of cases, it is possible that multivariate analysis
did not simultaneously identify them as risk
factors. The importance of antiemetic control in
the overall phase against the beyond delayed
phase was also confirmed in both the FosNTP
235 mg and FosAPR groups.

In the overall and NK1RA evaluable popula-
tions, a significant correlation between the
number of CINV risk factors and TTF was
observed. It is important to implement antie-
metic therapy in consideration of the increased
risk of CINV. If necessary, additional antiemet-
ics such as olanzapine should be added. The

addition of olanzapine 5 or 10 mg to triple
antiemetic therapy improves antiemetic control
for cisplatin-based chemotherapy [22, 23].
Because the combination of FosNTP and olan-
zapine has not been examined in clinical trials,
future studies are warranted to confirm the
superiority of adding olanzapine to FosNTP-
containing antiemetic therapy.

The present analysis had some limitations.
The first was that intrinsic CINV risk factors
other than the predetermined patient back-
ground factors could exist. Although the back-
ground factors investigated in this analysis
included those described by guidelines, a dif-
ferent report also listed the use of non-pre-
scribed antiemetics at home and\ 7 h of sleep
as CINV risk factors [24]. Most patients analyzed
in this study had non-small-cell lung cancer,
and the outcome of antiemetic therapy can vary
depending on the type of platinum-containing
regimens (CR rate during the 0–168-h period:
carboplatin ? etoposide, 77%; carbo-
platin ? paclitaxel, 67%; and carbo-
platin ? pemetrexed, 54%) [25]. In the
CONSOLE study, various anticancer drugs were
used concurrently with cisplatin, and the effi-
cacy and risk factors of individual regimens
have not been investigated [14]. The second
limitation was generalizability because the

Table 4 Relationship between treatment failure and the number of risk factors at 0–168 and 120–168 h in the neurokinin
1 receptor antagonist-evaluable population

Number of risk factorsa Treatment failure

Extended overall (0–168 h) Beyond delayed (120–168 h)

FosNTP 235 mg FosAPR FosNTP 235 mg FosAPR

N n (%) N n (%) N n (%) N n (%)

0 238 39 (16.4) 302 86 (28.5) 444 11 (2.5) 279 16 (5.7)

1 262 77 (29.4) 91 44 (48.4) 142 66 (46.5) 114 57 (50.0)

2 86 37 (43.0) 0 – 0 – 0 –

Cochran–Armitage trend test \ 0.001 \ 0.001 \ 0.001 \ 0.001

Data were obtained from the full analysis set
FosNTP fosnetupitant; FosAPR fosaprepitant
aRisk factors (0–168 h, FosNTP 235 mg): drinking history 1 (no or rarely), smoking history 1 (no). Risk factors (0–168 h,
FosAPR): sex (female). Risk factors (120–168 h, FosNTP 235 mg): treatment failure in 0–120 h (yes). Risk factors
(120–168 h, FosAPR): treatment failure in 0–120 h (yes)
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analysis consisted of Japanese individuals.
Because racial differences in CINV risk have not
yet been reported, the present results can be
extrapolated to races other than Japanese.
Conversely, as previously described, there may
be unknown or intrinsic CINV risk factors. The
dose of PALO varies between other countries
and Japan (0.25 and 0.75 mg, respectively), and
it was reported that the efficacy of PALO did not
differ between different doses [26]. Lastly, it is
unclear whether the present investigation
included an adequate number of patients to
identify CINV risk factors.

CONCLUSION

In conclusion, a pooled analysis of two studies
showed the CR rates at the 0–168, 24–168, and
120–168 h (extended overall, extended delayed,
and beyond delayed phases, respectively) were
higher for FosNTP than for FosAPR. Treatment
failure in the first 120 h was identified as a risk
factor for CINV at 120–168 h. Additionally,
significant correlations between TTF and CINV
risk factors were found in these phases.
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