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Abstract

Background Even though chemotherapy-induced nausea and vomiting (CINV) can be well controlled in the acute
phase, the incidence of delayed CINV remains high. In this study, we intend to investigate whether prolonged use of
NK-1 receptor antagonist (RA) in addition to 5-HT3 RA and dexamethasone (DEX) was more effective in preventing
delayed CINV.

Methods This randomised, open-label, controlled study was designed to compare the efficacy and safety of fosap-
repitant 150 mg given on days 1,3 (prolonged group) versus on day 1 (regular group) in patients receiving highly
emetogenic chemotherapy (HEC). All patients also treated with palonosetron on day 1 and DEX on days 1-3.The
primary endpoint was the incidence of delayed nausea and vomiting. The second endpoint was AEs. All the above
endpoints were defined according to CTCAE 5.0.

Results Seventy-seven patients were randomly assigned to prolonged group and seventy-nine to regular group.
Prolonged group demonstrated superiority in controlling delayed CINV to regular group, with statistically significant
lower incidence of nausea (6.17% vs 12.66%, P=0.0056), and slightly lower incidence of grade 1 vomiting (1.62% vs
3.80%, P=0.0953) in the delayed phase. In addition, prolonged use of fosaprepitant was safe. No significant difference
was found between the two groups regarding constipation, diarrhea, hiccough, fatigue, palpitation and headache in
delayed phase.

Conclusions Prolonged use of fosaprepitant can effectively and safely prevent delayed CINV in patients receiving
HEC.
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Introduction

Chemotherapy-induced nausea and vomiting (CINV) is
the most feared side effect reported for patients receiving
chemotherapy [1]. If poorly controlled, CINV can have
a deleterious effect on health-related quality of life [2]
and compromise treatment adherence [3]. CINV can be
categorized into acute phase (0—24 h) and delayed phase
(>24-120 h) [4]. Acute CINV is primarily mediated
through serotonin’s action on the 5-hydroxytryptamine-3
(5-HT3) receptors in the intestine, while delayed CINV
results mainly from substance P acting on the neu-
rokinin-1 (NK-1) receptors in the area postrema and
(nucleus tractus solitarius) NTS [5]. For most patients
receiving highly emetogenic chemotherapy (HEC), triplet
therapy including a NK-1 RA, a 5-HT3 RA and DEX is
considered as the basic therapy [6].

Although in most patients, acute CINV can be reason-
ably controlled with 5-HT3 receptor antagonists, delayed
CINV remains a therapeutic challenge. The incidence of
delayed CINV is often underestimated. Despite the use of
antiemetic prevention, more than 50% of patients under-
going chemotherapy will experience this condition [2]. A
prospective, multi-center, multi-country study on cancer
patients treated with HEC or MEC showed that 80% of
patients who had experienced acute nausea but had no
delayed nausea reported that vomiting would not affect
their daily life; In contrast, only 56% of patients who
experienced delayed nausea but did not have acute nau-
sea reported no effect or very little [7]. Therefore, even if
there is no acute CINV, delayed CINV can have a signifi-
cant negative impact on the daily life of patients.

With the increasing knowledge of substance P in vom-
iting, NK-1 receptor antagonists have been developed
to treat delayed CINV. At present, NK-1 RAs can be
obtained through oral and intravenous routes. It is con-
venient to take aprepitant orally, but failure to adhere
to treatment may have a negative impact on the cura-
tive effect. Some cancer patients can not tolerate oral
therapy, some patients may have difficulty swallowing,
and the bioavailability of oral drugs may be reduced due
to diarrhea or gastrointestinal ulcers [8]. Fosaprepitant
dimethylamine, a phosphorylated analog of aprepitant,
is rapidly converted to aprepitant after intravenous (IV)
administration [9]. Intravenous injection of fosaprepi-
tant may bring inconvenience to patients and hospital
staff, but it ensures the compliance of treatment and is
suitable for patients with dysphagia. A phase 3 non-infe-
riority trial reported no significant difference in CR rate
for delayed CINV in patients receiving HEC and antiem-
esis treatment with ondansetron and dexamethasone in
the single-dose fosaprepitant and aprepitant arms [10].
Another phase 3 study evaluating the addition of fosap-
repitant to ondansetron and dexamethasone in patients
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receiving non-AC MEC showed that fosaprepitant sig-
nificantly improved the incidence of delayed CR (79 vs.
69%; P<0.001) [11]. Based on the trial by Radhakrishnan
et al. [12], recommendations have been updated to add
fosaprepitant for children who receive HEC or MEC [13].
Therefore, fosaprepitant can be used as a prophylaxis for
delayed CINV.

A phase III study for patients receiving 5-day cisplatin-
based chemotherapy observed that it is safe and effective
to prolong the duration of aprepitant in patients receiving
5-day cisplatin chemotherapy [14]. Considering that the
metabolic cycle of fosaprepitant is 48 h, we hypothesized
whether the application of fosaprepitant on days 1 and
3 could achieve the control effect of delayed CINV. This
randomised, open-label, controlled study compared the
efficacy and safety of multi-day and single-day fosaprepi-
tant with palonosetron and dexamethasone as antiemetic
prophylaxis in patients receiving HEC.

Method

Ethics approval and consent to participate

The experimental protocol was established, according
to the ethical guidelines of the Helsinki Declaration and
was approved by the Human Ethics Committee of Tianjin
Medical University General Hospital. Written informed
consent was obtained from individual or guardian par-
ticipants. They were mentioned in the Result part.

Study Design and patient selection
Patients were included if their age were 18 years or older
with a diagnosis of solid tumor receiving HEC regimen,
which includes platinum or anthracycline-based chemo-
therapy. Patients received carboplatin AUC 5 mg/ml/
min i.v. on days 1, cisplatin 75 mg/m2 i.v. on days 1 or
epirubicin 90 mg/m2 every 21 days. Patients’ Eastern
Oncology Collaboration (ECOG) physical status score
0-2 (including boundary values). The regimens were
classified as HEC based on NCCN, ESMO and CSCO
guidelines [5]. Patients were excluded from the study
for mental disorder or if they were taking any prohibited
drug (including medicinal marijuana or currently drink-
ing heavily). Patients were also excluded if they were
about to receive abdominal or pelvic radiotherapy con-
currently with chemotherapy, if they vomited 24 h before
chemotherapy, if they had symptomatic brain metastasis,
or were receiving systemic corticosteroids chronically.
Patients were randomly assigned to either fosaprepitant
150 mg on day 1 (regular group) or 150 mg once per day
on days 1 and 3 (prolonged group). Palonosetron 0.25 mg
was administered once per day on days 1. Dexametha-
sone 6 mg on day 1 and 4 mg once per day on days 2 and
3 was used as baseline antiemetic prophylaxis. Detailed
study designs are summarized in Supplementary Fig. 1.
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The primary endpoint were incidence of delayed nausea
and delayed vomiting. The second endpoint was related
AEs. All the endpoints above were defined according to
CTCAE5.0.

Procedure and data collection

To survey the occurrence of nausea and vomiting, we
prepared a nausea/vomiting diary based on the MAT
(questionnaire about nausea and vomiting), which was
developed by the Multinational Association of Support-
ive Care in Cancer (MASCC) (Supplementary Fig. 2).
The patient diary include the recording of any nausea,
vomiting, and adverse effects associated with antiemetic
drugs, from day 1 to 14 after chemotherapy. Safety was
assessed by collection of adverse events (AEs), including
constipation, diarrhea, hiccough, fatigue, palpitation and
headache. The use of rescue therapy, defined as any med-
ication taken to treat established nausea or emesis, was
also recorded. Patients rated nausea and vomiting daily
by using CTCAE 5.0. scale rating their nausea and vomit-
ing for the prior 24 h from no nausea and vomiting to the
worst nausea and vomiting with a measurement of score
0 to 4. Nausea symptoms were surveyed and recorded by
investigators according to the numeric rating scale (NRS;
4-point scale, in which 1 represents a condition without
nausea and 4 represents a condition with the worst con-
ceivable nausea). The results were then categorised into
‘grade 0" (NRS, 1), ‘grade 1’ (2), ‘grade 2’ (3) and ‘grade 3’
(4). For vomiting symptoms, the number of times vom-
iting (including dry vomiting) occurred was surveyed
every day and evaluated according to the National Can-
cer Institute-Common Terminology Criteria for Adverse
Events Version 4.0 (NCI-CTCAE ver. 4.0). CTCAE
grading is the same as nausea. The incidence of nausea
and vomiting were assessed during the acute (0-24 h),
delayed (24-120 h) and overall (0—120 h) phases after
chemotherapy initiation.

Statistical analysis

According to previous reports and the results of our pre-
experiments, we calculated that a sample of 118 patients
(59 in regular group; 59 in prolonged group) would pro-
vide the study with 80% power to detect a difference
between the group proportions of 20% at a two-sided
alpha of 0.05. Given an anticipated dropout rate of 20%,
total sample size required is 148 (74 in regular group 1;
74 in prolonged group).

Statistical analysis was performed using SPSS soft-
ware (version 22; SPSS, Inc). Measurement data were
expressed as mean+standard deviation (SD) and were
analyzed with t test. Response rates were compared using
the chi-square or Fisher’s exact tests. All statistical tests
were two-sided, with significance levels at p <0.05.
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Results

Sample characteristics

A total of 156 patients were enrolled in the study. All the
patients were randomly divided into prolonged group
(77 patients) and regular group (79 patients). All patients
were chemotherapy naive and were evaluated in the first
treatment cycle. Table 1 lists the demographic and clini-
cal characteristics of included patients. These character-
istics were similar between the two treatment groups. In
the regular group, the median age was 64 years old, 39.2%
of patients were female, and 62.0% of patients had lung/
respiratory cancer. In prolonged group, the median age
was 65, 36.4% of patients were women. The most preva-
lent cancer was also lung/respiratory cancer (70.1%). All
patients in each group received HEC.

Efficacy

The incidence of nausea and vomiting in the acute phase,
delayed phase and overall phase were separately com-
pared between two treatment group.

In the overall phase, the proportions of patients experi-
encing nausea in prolonged group was 5.97%, while that
in the regular group was 12.15% (P=0.0027) (Fig. 1A). A
similar numerical advantage of prolonged group was also
shown in the delayed phases (Fig. 1B). During the delayed
phase, the incidence of grade 1 nausea was 3.90%, as
compared with 10.44% in regular group (P=0.0016).
Prolonged group reduces 6.55% of grade 1 delayed nau-
sea compared to regular group (95%CIL: 12.40%-0.68%,
P=0.038). 4.16% of patients in the prolonged group
experienced grade 1 nausea from day 1 to 14, compared

Table 1 Baseline and disease characteristics of patients

Prolonged group Regular group
(n=77) (n=79)
Gender, %
Male 63.6 60.8
Female 364 392
Median age, years 64 65
Cancer type
Breast 1 3
Lung/respiratory 54 49
Ovarian 1 5
Colorectal 2 0
Gastric 2 1
Esophageal 5 5
Pancreatic 2 1
Other 10 15
Chemotherapy
Platinum 74 75
Anthracycline 3 4
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to 9.62% in the regular group (P=0.0026). Therefore, in
both the delayed and overall phases, the prolonged group
outperformed the regular group in terms of nausea pre-
vention. However, there was no statistically significant
difference between groups in the proportions of patients
with nausea in the acute phase.

Multiple-day fosaprepitant regimen was also superior
to the regular antiemetic regimen for controlling vomit-
ing in the delayed phase (Fig. 2B), although there was no
statistical difference in the overall phase (Fig. 2A). The
incidence of vomiting in regular and prolonged group
were 3.8% and 1.56% for the overall phase (P=0.0534),
although difference between the two groups were not of
statistical significance, the incidence of vomiting in pro-
longed group tended to be slightly lower. The incidence
of grade 1 emesis was lower in the prolonged group than
in the regular group during the delayed phase (1.30%
versus 3.80%, P=0.0483) and overall phase (1.30% ver-
sus 3.80%, P=0.0273). Prolonged group reduces 2.52%
of grade 1 delayed emesis compared to regular group
(95%CI: 2.44%-2.60%, P<0.001). However, the incidence

of grade 2 or higher vomiting and the incidence of acute
and delayed vomiting were not statistically different
between the two groups.

In addition, the incidence of nausea and vomiting
beyond delayed phase (120-336 h) was recorded. How-
ever, no significant difference was found between two
groups (Supplemental Fig. 3).

Safety and tolerability

The most commonly reported AEs of fosaprepitant were
constipation, diarrhea, hiccough, fatigue, palpitation and
headache [11] (Fig. 3). The overall incidence of AEs was
comparable in both treatment groups across the study.
Most AEs reported were mild or moderate, with fatigue
(prolong group 4.42%, regular group 5.82%, P=0.3730)
and constipation (prolong group 3.38%, regular group
4.05%, P=0.6189) being the most commonly reported
AEs in both groups. All other AEs had an incidence rate
of less than 2%. In comparison to the regular group, there
was no evidence of increased AEs and no grade 2 nor
more severe AEs were observed in the prolonged group.
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Risk factors

Risk factors for nausea and vomiting symptoms were
investigated. The risk factors related with CINV included
age, anxiety, nausea with pregnancy, etc. However, these
factors showed no statistical significance in the univariate
analysis (Table 2).

Discussion

To the best of our knowledge, this is the first study
to provide efficacy and safety data on a multiple-day
course of fosaprepitant combined with a 5-HT; RA and
a corticosteroid for the prevention of CINV in patients
receiving HEC. For the primary endpoint, we com-
pared the incidence of delayed nausea and vomiting

Table 2 Risk factors for nausea and vomiting symptoms

in patients treated with HEC between the single and
multiple-day fosaprepitant administration groups, and
reported significant inter-group differences of grade 1
nausea (10.44% vs 3.90%, P=0.0016) and grade 1 eme-
sis (3.80% vs 1.30%, P=0.0483) in the delayed phase,
suggesting a benefit of multiple-day fosaprepitant
administration during the delayed period post-chemo-
therapy. The low incidence of grade 1 nausea was nota-
ble given the unmet clinical need for CINV prevention
in the delayed setting, particularly for nausea control.
Our current study reported high rates of “no nausea” in
regular group and prolonged group (87.34% vs 93.83%,
P=0.0041, data not show) during delayed phase, indi-
cating a potential quality-of-life (QoL) benefit. Overall,

Univariate analysis

0Odds ratio (95% Cl) P value

Age(< 60 years old) 1.487 (0.558-3.962) 0428
Anxiety 0497 (0.077-3.224) 0.464
The patient slept less than 7 h on the night before chemotherapy 2.181(0.920-5.169) 0.077
Nausea with pregnancy 1.540 (0.455-5.207) 0.487
Antiemetic therapy was performed outside the hospital after the last cycle of chemo- 1.621 (0.816-3.220) 0.168
therapy

CINV occurred after last cycle of chemotherapy 0.992 (0.698-1.410) 0.964
The patient received the second cycle chemotherapy 1.176 (0.929-1.488) 0.178
The patient received >3 cycles of chemotherapy this time 1.158 (0.975-1.376) 0.094
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our new antiemetic regimen outperformed the stand-
ard control antiemetic regimen in the delayed phases of
CINV associated with HEC.

For acute nausea and vomiting symptoms seen after
chemotherapy, no difference in incidence was found
between the two treatment groups. Consistent with pre-
vious research results, the acute phase is mainly medi-
ated by 5-HT; receptors and is therefore particularly
sensitive to 5-HT; receptor antagonists [15].In our study,
acute CINV can be effectively controlled by the use of
palonosetron, which has a high affinity for binding to
5-HT3 receptors. Panolosetron also inhibits cross-talk
between the NK-1 and 5-HT3 receptor pathways [16],
which is assumed to be the cause of the observed effect
in preventing delayed nausea and vomiting. As a result,
our findings revealed that panolosetron and fosaprepi-
tant act synergistically to keep the overall incidence of
nausea (<12%) and vomiting (<4%) at a low level. So our
research demonstrated the advantages of maintaining
superior CINV management in overall phases with this
antiemetic combination.

Our findings demonstrate the efficacy of multiple-day
fosaprepitant in preventing CINV, particularly in the
delayed phase, which has a significant negative impact
on a patient’s daily life [5]. A prospective, multi-center,
multi-national study compared the impact of acute and
delayed CINV on patients’ QoL after MEC or HEC [7]
and discovered that CINV continues to adversely affect
the QoL of patients who did not experience acute nausea.
Our new antiemetic combination reduces the occurrence
of delayed CINV, thereby improving patients’ QoL after
chemotherapy and their willingness to undergo the next
chemotherapy cycle, which is beneficial chemotherapy
completion overall survival.

It is worth noting that antiemetic trials typically eval-
uated CINV control for 120 h (in the acute phase and
delayed phase). An observation study, on the other hand,
reported the presence of a certain number of patients
who developed CINV after 120 h, implying the impor-
tance of monitoring for beyond delayed CINV that devel-
ops after 120 h [17]. In our study, the efficacy assessment
was extender until 336 h (14 days), and we founded that
single administration of fosaprepitant was non-inferior
to 2-day administration of fosaprepitant in controlling
CINV beyond 120 h.

In our study, the regimen of adding an extra day of
fosaprepitant was generally well tolerated, and no new
safety signals were found when compared to previous
fosaprepitant studies [10, 18]. AE profiles for the two
treatment regimens were similar and typical for a cancer
population undergoing chemotherapy [19]. Most AEs in
both groups were mild, less than 5%. Furthermore, nei-
ther treatment raised any concerns about cardiac safety.
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It is worth noting that fosaprepitant has been reported to
be associated with a high frequency of injection site reac-
tions (ISRs), leading to clinical problems [18]. Fosnetupi-
tant is an injectable phosphorylated prodrug of netupitant.
A recent phase III study demonstrated non-inferiority of
fosnetupitant to fosaprepitant and demonstrated fosnetu-
pitant has the potential to overcome the risk of develop-
ing ISRs with fosaprepitant administration [20]. Thus,
fosnetupitant will be valuable in the prophylaxis of delayed
and beyond delayed CINV. In addition, the application of
peripherally inserted central catral catheters (PICC) and
totally implantable venous-access ports (TIVAP) in chem-
otherapy significantly reduces the risk of ISRs.

Our new antiemetic combination targeting two critical
antiemetic pathways, was safe, well tolerated and highly
effective of HEC. It should be noted that the categories of
emetics is only based on the incidence of acute CINV, not
delayed or overall CINV [5]. A recent study found that
the chemotherapy regimen are inconsistent predictor of
delayed CINV [21]. Our research is limited to patients
treated with HEC, so we need to conduct prospec-
tive large sample randomized clinical trials on patients
treated with MEC and HEC in the future to confirm this.

In conclusion, among patients receiving HEC regimen,
prolonged use of fosaprepitant is effective and safe in
preventing delayed CINV.
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