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A phase 3 safety study of fosnetupitant as an antiemetic 
in patients receiving anthracycline and cyclophosphamide: 

CONSOLE- BC
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BACKGROUND: Fosnetupitant (FosNTP), an intravenous neurokinin 1 receptor antagonist, demonstrated a favorable safety profile with 

a potentially low risk of injection site reactions (ISRs) and promising antiemetic efficacy in patients receiving cisplatin- based highly 

emetogenic chemotherapy in a previous phase 2 study. We conducted a randomized, double- blind safety study to evaluate the safety 

profile of FosNTP, including ISRs, in patients receiving doxorubicin- cyclophosphamide or epirubicin- cyclophosphamide (AC/EC) chemo-

therapy. METHODS: Patients scheduled to receive AC/EC were randomized 1:1 to receive 235 mg of FosNTP or 150 mg of fosaprepitant 

(FosAPR), both in combination with 0.75 mg of intravenous palonosetron and 9.9 mg of dexamethasone on day 1. The stratification fac-

tors were age category (<55 vs ≥55 years) and study site. The primary end point was the incidence of treatment- related adverse events 

(TRAEs) with FosNTP. RESULTS: Overall, 102 patients were randomized to FosNTP (n = 52) or FosAPR (n = 50), and all were treated 

with the study drug and evaluated for safety. The primary end point, the incidence of TRAEs, was similar with FosNTP (21.2%; 95% confi-

dence interval [CI], 11.1%- 34.7%) and FosAPR (22.0%; 95% CI, 11.5%- 36.0%), with any- cause ISRs observed in 5.8% and 26.0% of patients, 

respectively, and treatment- related ISRs observed in 0% and 10.0%, respectively. The overall (0- 120 hour) complete response (defined as 

no emetic event and no rescue medication) rate, standardized by age category in the full analysis set, was 45.9% (23 of 51 patients) with 

FosNTP and 51.3% (25 of 49 patients) with FosAPR. CONCLUSIONS: FosNTP demonstrated a favorable safety profile with a very low risk 

of ISRs in the AC/EC setting. Cancer 2022;128:1692-1698. © 2022 The Authors. Cancer published by Wiley Periodicals LLC on behalf of 

American Cancer Society. This is an open access article under the terms of the Creat ive Commo ns Attri butio n- NonCo mmerc ial- NoDerivs 

License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non- commercial and 

no modifications or adaptations are made. 

KEYWORDS: anthracyclines, cyclophosphamide, fosaprepitant, injection site reaction, nausea, neurokinin 1 receptor antagonists, 
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INTRODUCTION
Anthracycline- cyclophosphamide chemotherapy is a key treatment regimen commonly used for many cancers, including 
breast cancer, but it is known to have a high risk of causing chemotherapy- induced nausea and vomiting (CINV) and 
hence is positioned as a highly emetogenic chemotherapy (HEC) by various antiemetic guidelines.1- 4 CINV should be 
prevented to maintain patients’ quality of life and to continue their planned cancer treatment.

Per antiemetic guidelines, triplet therapy with a neurokinin 1 (NK1) receptor antagonist (RA), a 5- hydroxytryptamine3 
(5- HT3) RA, and dexamethasone (DEX) is basically recommended for patients receiving HEC, and quartet therapy 
with olanzapine in addition to the aforementioned triplet therapy is recommended or considered as a treatment option 
depending on the guidelines.1- 4 Among the NK1 RAs, injectable fosaprepitant (FosAPR) is widely used but has been 
reported to be associated with an increased risk/incidence of injection site reactions (ISRs), particularly in patients re-
ceiving anthracycline- based chemotherapy regimens, necessitating FosAPR dosing interruptions, injection site changes, 
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or switching to oral aprepitant; this illustrates clinical 
concerns with the use of injectable FosAPR, which is an 
unmet medical need.5- 12

Fosnetupitant (FosNTP) is the intravenously ad-
ministered phosphorylated prodrug of netupitant. The 
active drug netupitant has a high binding affinity and 
selectivity for the NK1 receptor, with an elimination half- 
life of approximately 70 hours in plasma.13 In the United 
States and the European Union, a fixed- dose combination 
of 235 mg of FosNTP and 0.25 mg of the 5- HT3 RA 
palonosetron (PALO) for intravenous use (IV NEPA) has 
been approved for CINV prophylaxis.14,15

In Japan, the development of FosNTP focused on 
its evaluation as a single- agent product. To date, a phase 2 
study has been conducted to evaluate FosNTP in compar-
ison with placebo in combination with PALO (0.75 mg) 
and DEX in patients receiving cisplatin- based HEC; the 
percentage of patients with a complete response (CR; de-
fined as no emetic event and no rescue medication) during 
the overall phase (0- 120  hours after the start of HEC 
administration) was used as the primary end point. The 
study demonstrated the superiority of FosNTP (235 mg) 
to placebo, with a favorable safety profile and a poten-
tially low risk of developing ISRs.13 Based on the phase 2 
study results, a head- to- head, randomized, phase 3 study 
was conducted in patients receiving cisplatin- based HEC 
to evaluate the efficacy and safety of FosNTP compared 
with FosAPR in combination with PALO (0.75 mg) and 
DEX (JapicCTI- 194611).

FosNTP may be associated with a low risk of caus-
ing ISRs, and this suggests the potential to overcome the 
unmet medical need associated with FosAPR. However, 
no studies have yet reported the safety of FosNTP in 
patients receiving anthracycline- based chemotherapy 
regimens in comparison with FosAPR. Therefore, we 
conducted a study to evaluate the safety profile, including 
ISRs, of FosNTP, and we performed an exploratory com-
parison with FosAPR in patients receiving doxorubicin- 
cyclophosphamide or epirubicin- cyclophosphamide (AC/
EC) chemotherapy administered in combination with 
PALO (0.75 mg) and DEX.

MATERIALS AND METHODS

Study Design and Patients
This was a double- blind, randomized, parallel- group, 
multicenter, phase 3 study to evaluate the safety of a sin-
gle intravenous dose of FosNTP in combination with 
PALO (0.75 mg) and DEX in patients receiving AC/EC 
chemotherapy. An exploratory FosAPR group was also 
included to help interpret the safety findings of FosNTP.

Eligible patients who provided informed consent to 
participate in the study were enrolled by the investigator 
via an interactive web response system and randomized 
1:1 to either the FosNTP group or the FosAPR group 
by dynamic allocation using stratification factors for ran-
domization (age category [≥55 vs <55 years] and study 
site).

The study was approved by the institutional review 
board of each study site and was conducted in compli-
ance with the Good Clinical Practice guidelines and the 
Declaration of Helsinki. All participants provided written 
consent before enrollment.

Key eligibility criteria are shown in Supporting  
Text 1.

Treatment
In the FosNTP group, starting 60  minutes before the 
initiation of AC/EC administration, a placebo matching 
FosAPR was intravenously infused for 30 minutes, and 
this was followed by an intravenous infusion of a mix-
ture of FosNTP (235 mg), PALO (0.75 mg), and DEX 
(9.9 mg) for 30 minutes. In the FosAPR group, starting 
60 minutes before the initiation of AC/EC administra-
tion, FosAPR (150  mg) was intravenously infused for 
30 minutes, and this was followed by an intravenous in-
fusion of a mixture of a placebo matching FosNTP, PALO 
(0.75  mg), and DEX (9.9  mg) for 30  minutes because 
of the possibility of an incompatibility risk of FosAPR 
with PALO.16 In both groups, AC/EC administration 
was started 30 minutes after the initiation of the adminis-
tration of FosNTP or a placebo matching FosNTP. DEX 
was administered at 9.9 mg only on day 1 in both groups, 
with dose sparing from day 2.

FosNTP and FosAPR were prepared with 100 mL 
of normal saline and were administered into a peripheral 
vein.

End Points
The primary end point was the incidence of treatment- 
related adverse events (TRAEs) with FosNTP adminis-
tered in combination with PALO and DEX in patients 
receiving AC/EC chemotherapy. The main secondary 
safety end points were the incidence of adverse events 
(AEs) and ISRs with FosNTP.

The main secondary efficacy end points were the 
percentages of overall CR, total control (defined as no 
emetic event, no rescue medication, and no nausea), and 
complete protection (defined as no emetic event, no res-
cue medication, and no significant [no more than mild] 
nausea).
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Assessments
AEs were recorded with verbatim terms, coded with the 
Medical Dictionary for Regulatory Activities (version 
23.0), and tabulated by system organ class and pre-
ferred term. The severity of AEs was graded by the in-
vestigator per the National Cancer Institute’s Common 
Terminology Criteria for Adverse Events (version 5.0). 
The causal relationship between the study drug and 
each AE was assessed on a 5- point scale (ie, definite, 
probably related, possibly related, unlikely related, and 
not related). AEs assessed as causally “definite,” “proba-
bly related,” or “possibly related” to the study drug were 
regarded as TRAEs.

Emetic events and nausea occurring 0 to 120 hours 
after the start of AC/EC administration were not regarded 
as AEs because they were considered as the index for effi-
cacy evaluation. However, emetic events and nausea that 
continued or newly occurred beyond 120 hours after the 
start of AC/EC administration were regarded as AEs.

Efficacy assessments were based on records of the 
following parameters in a patient’s diary every 24 hours 
during 0- 120 hours after the start of AC/EC administra-
tion: all emetic events, rescue medication, and severity of 
nausea (Likert scale: none, mild nausea [able to eat and 
drink], moderate nausea [able to only drink], or severe 
nausea [unable to eat or drink]).

Statistical Analysis
The safety analysis was conducted on the as- treated popu-
lation, which was defined as all patients who had received 
the study drug. The efficacy analysis used the full analy-
sis set, which was defined as all patients in the as- treated 
population who were administered PALO, DEX, and AC/
EC on day 1.

In the primary end point analysis, the numbers and 
percentages of patients with TRAEs were determined, 
with 95% confidence interval (CI) calculated by an exact 
method based on the F distribution.

The target sample size was determined on the basis of 
the preceding phase 2 study,13 which showed a 29.2% in-
cidence of TRAEs in the FosNTP (235 mg) group. Under 
the assumption of a similar incidence of TRAEs in the 
FosNTP and FosAPR groups in this study, 96 patients were 
required for study drug administration. To allow for drop-
outs, the target sample size for the 2 groups was set to 100.

All statistical analyses were performed with SAS ver-
sion 9.4 and SAS/STAT version 14.2 (SAS Institute, Inc., 
Cary, North Carolina).

RESULTS
The study enrolled 102 patients across 5 study sites be-
tween April 2019 and March 2020. Fifty- two of these 
patients were randomized to the FosNTP group, and 

Figure 1. Consolidated Standards of Reporting Trials diagram showing the patient disposition. AE indicates adverse event; FosAPR, 
fosaprepitant; FosNTP, fosnetupitant; SAE, serious adverse event.
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50 were randomized to the FosAPR group; all patients 
received the study drug (Fig. 1). Two patients did not 
receive protocol- specified AC/EC on day 1 and were 
excluded from the full analysis set. Therefore, the ef-
ficacy analysis was performed on data from 51 patients 

in the FosNTP group and 49 patients in the FosAPR 
group.

The baseline patient background and disease char-
acteristics are shown in Table 1. All patients were female 
and had breast cancer. The patient background char-
acteristics were similar between the 2 groups with the 
exception of higher percentages of patients with motion 
sickness and patients with no history of smoking in the 
FosNTP group.

Safety

The primary end point, the incidence of TRAEs, was 
21.2% (11 of 52 patients; 95% CI, 11.1%- 34.7%) in the 
FosNTP group and 22.0% (11 of 50 patients; 95% CI, 
11.5%- 36.0%) in the FosAPR group (Table 2).

In the FosNTP group, TRAEs reported in ≥5% of 
patients were headache, diarrhea, urticaria, malaise, and 
decreased appetite (5.8% each; 3 of 52 patients each). 
Grade 3 or higher TRAEs occurred in 9.6% of the pa-
tients (5 of 52 patients); those reported in 2 or more pa-
tients were neutrophil count decreased and white blood 
cell count decreased (3.8% each; 2 of 52 patients each). 
One serious TRAE (urticaria) was reported in the FosNTP 
group but resolved 6 days after its onset with appropriate 
treatment. No AEs leading to death or discontinuation 
from the study were reported.

In the FosAPR group, the TRAEs reported in ≥5% 
of patients were constipation (6.0%; 3 of 50 patients) and 
injection site pain (8.0%; 4 of 50 patients), and no grade 
3 or higher TRAEs were reported.

With regard to the safety point of particular interest, 
AEs relevant to ISRs were observed in 5.8% of the patients 
(3 of 52 patients, 3 events) in the FosNTP group and in 
26.0% of the patients (13 of 50 patients, 18 events) in the 
FosAPR group (Table 3). Furthermore, TRAEs relevant to 
ISRs were observed in 0% of the patients in the FosNTP 
group and in 10.0% of the patients (5 of 50 patients, 5 
events) in the FosAPR group. Four of the 5 ISR events 
 occurred during the FosAPR infusion (3 events of injection 
site pain and 1 event of injection site vasculitis).

Efficacy

The results of the main secondary efficacy end points are 
shown in Supporting Table 1.

The overall CR rate standardized by age category 
was 45.9% (23 of 51 patients; 95% CI, 33.2%- 58.6%) 
in the FosNTP group and 51.3% (25 of 49 patients; 95% 
CI, 37.3%- 65.2%) in the FosAPR group.

TABLE 1. Patient Baseline and Disease 
Characteristics (As- Treated Population)

Characteristic FosNTP (n = 52) FosAPR (n = 50)

Age, median (range), y 56.0 (34- 79) 56.0 (30- 77)
Age, No. (%)

<55 y 24 (46.2) 21 (42.0)
≥55 y 28 (53.8) 29 (58.0)

Sex, No. (%)
Male 0 (0.0) 0 (0.0)
Female 52 (100.0) 50 (100.0)

Drinking history, No. (%)
No 32 (61.5) 31 (62.0)
Rarely (once per month) 10 (19.2) 12 (24.0)
Occasionally (once per 

week)
3 (5.8) 3 (6.0)

Regularly (once per day) 7 (13.5) 4 (8.0)
Smoking history, No. (%)

Nonsmoker 41 (78.8) 32 (64.0)
Stopped smoking 

prior to 180 d before 
registration

4 (7.7) 9 (18.0)

Stopped smoking 
within 180 d before 
registration

1 (1.9) 5 (10.0)

Smoker 6 (11.5) 4 (8.0)
Motion sickness, No. (%)

No 24 (46.2) 28 (56.0)
Yes 28 (53.8) 22 (44.0)

Malignant tumor, No. (%)
Breast 52 (100.0) 50 (100.0)
Other 0 (0.0) 0 (0.0)

Chemotherapy regimen, No. (%)
AC 23 (44.2) 22 (44.0)
EC 29 (55.8) 28 (56.0)

Actual dose, median (range), mg/m2

Doxorubicin 59.90 (56.8- 60.2) 60.00 (50.3- 60.7)
Epirubicin 88.00 (86.2- 101.3) 87.90 (84.2- 100.6)
Cyclophosphamide 590.30 (493.4- 656.7) 591.50 (497.9- 608.1)

Abbreviations: AC, doxorubicin- cyclophosphamide; EC, epirubicin- 
cyclophosphamide; FosAPR, fosaprepitant; FosNTP, fosnetupitant.

TABLE 2. Safety Summary (As- Treated Population)

Event
FosNTP 

(n = 52), No. (%)
FosAPR 

(n = 50), No. (%)

AEs 52 (100.0) 49 (98.0)
Grade 3 or higher AEs 43 (82.7) 36 (72.0)
TRAEs 11 (21.2) 11 (22.0)
Grade 3 or higher TRAEs 5 (9.6) 0 (0.0)
Serious AEs 2 (3.8) 0 (0.0)
Serious TRAEs 1 (1.9) 0 (0.0)
AEs leading to discontinuation 0 (0.0) 1 (2.0)
AEs leading to death 0 (0.0) 0 (0.0)
TRAEs leading to discontinuation 0 (0.0) 1 (2.0)
TRAEs leading to death 0 (0.0) 0 (0.0)

Abbreviations: AE, adverse event; FosAPR, fosaprepitant; FosNTP, fosnetupi-
tant; TRAE, treatment- related adverse event.
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DISCUSSION
This study evaluated the safety, including ISRs, of a single 
dose of FosNTP administered in combination with PALO 
and DEX in patients receiving AC/EC chemotherapy.

The incidence of TRAEs with FosNTP— the pri-
mary end point— was similar to that with FosAPR. The 
incidence of grade 3 or higher TRAEs was numerically 
higher in the FosNTP group compared with the FosAPR 
group; however, the difference did not appear to be clin-
ically meaningful because no TRAEs led to discontinua-
tion from the study in the FosNTP group, and many of 
the reported events were well known to occur with and 
were attributable to anticancer drugs.

The incidence of ISRs associated with administra-
tion of the study drug was of particular interest in this 
study. The incidence of AEs and TRAEs relevant to ISRs 
in the FosNTP group was 5.8% and 0%, respectively. 
During the conduct of this study, a phase 3b study of IV 
NEPA in patients with breast cancer receiving AC/EC 
chemotherapy in the United States and Europe showed 
a low incidence of infusion site AEs (1.5%; 3 of 200 
patients) in the IV NEPA group, with no treatment- 
related infusion site AEs reported.17 Incidentally, the 
results of a phase 3 study of triplet antiemetic therapy 
including FosAPR in patients with breast cancer receiv-
ing AC/EC chemotherapy were published; the inci-
dence of ISRs was similar to that in the FosAPR group 
reported in this study.18 Furthermore, a pivotal phase 
3 study comparing FosNTP and FosAPR in patients 

receiving cisplatin- based HEC conducted in parallel 
with this study showed that the incidences of AEs/
TRAEs relevant to ISRs were statistically significantly 
lower in the FosNTP group than the FosAPR group 
(AEs, 11.0% with FosNTP vs 20.6% with FosAPR 
[P < .001]; TRAEs, 0.3% with FosNTP vs 3.6% with 
FosAPR [P < .001]).19 These data suggest that FosNTP 
has a very low risk of causing ISRs not only in patients 
receiving cisplatin but also in patients receiving AC/
EC chemotherapy, who are known to have a higher risk 
of ISRs5- 10,18; this suggests that FosNTP could help in 
minimizing this discomfort, an unmet medical need as-
sociated with FosAPR.

A possible reason for the lower incidence of ISRs 
with FosNTP may be the very small amount of insolu-
ble netupitant instantaneously produced from FosNTP 
in the blood at the local infusion site for less damage to 
the vascular endothelial cell. Indeed, an in vitro study 
demonstrated that the rate of conversion to active net-
upitant was as low as 0.9% for 15 minutes and 1.3% 
for 30 minutes when FosNTP was incubated in blood 
(data on file). This finding suggests that although sys-
temic blood contains a certain level of netupitant pro-
duced from FosNTP by dephosphorylase in the liver 
and other organs in the body, the blood at the local 
infusion site contains almost no netupitant converted 
from FosNTP without systemic metabolism, and this 
may have contributed to the reduced risk of ISRs with 
FosNTP infusion.

TABLE 3. Summary of ISRs (As- Treated Population)

Preferred Term per 
MedDRA (Version 23.0) NCI CTCAE Grade

AEs Relevant to ISRs, No. (%) TRAEs Relevant to ISRs, No. (%)

FosNTP (n = 52) FosAPR (n = 50) FosNTP (n = 52) FosAPR (n = 50)

Total injection site reactions 3 (5.8) 13 (26.0) 0 5 (10.0)
Injection site erythema Grade 1 2 (3.8) 2 (4.0) 0 0

Grade 2 0 0 0 0
Any grade 2 (3.8) 2 (4.0) 0 0

Injection site pain Grade 1 1 (1.9) 7 (14.0) 0 3 (6.0)
Grade 2 0 1 (2.0) 0 1 (2.0)
Any grade 1 (1.9) 8 (16.0) 0 4 (8.0)

Injection site induration Grade 1 0 2 (4.0) 0 0
Grade 2 0 0 0 0
Any grade 0 2 (4.0) 0 0

Injection site swelling Grade 1 0 1 (2.0) 0 0
Grade 2 0 0 0 0
Any grade 0 1 (2.0) 0 0

Injection site phlebitis Grade 1 0 0 0 0
Grade 2 0 2 (4.0) 0 0
Any grade 0 2 (4.0) 0 0

Injection site vasculitis Grade 1 0 2 (4.0) 0 1 (2.0)
Grade 2 0 1 (2.0) 0 0
Any grade 0 3 (6.0) 0 1 (2.0)

Abbreviations: AE, adverse event; CTCAE, Common Terminology Criteria for Adverse Events; FosAPR, fosaprepitant; FosNTP, fosnetupitant; ISR, injection site 
reaction; MedDRA, Medical Dictionary for Regulatory Activities; NCI, National Cancer Institute; TRAE, treatment- related adverse event.
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Starting 60  minutes before anticancer therapy ad-
ministration, FosAPR should be administered as an in-
travenous infusion for approximately 30  minutes.20 In 
contrast, FosNTP is expected to be effective when it is ad-
ministered as an intravenous infusion for 30 minutes just 
before anticancer therapy administration. Furthermore, 
as was done in this study, FosNTP was administered with 
PALO/DEX mixed in 1 infusion bag because of no in-
compatibility risk; this enabled a shortening of the total 
infusion time in comparison with the sequential dosing of 
FosAPR and PALO/DEX.

The efficacy was evaluated as a secondary end point, 
and FosNTP was shown to be effective in patients with 
CINV receiving AC/EC as well. An exploratory compari-
son with FosAPR showed a slightly lower overall CR rate 
in the FosNTP group. This could be because of the insuf-
ficient sample size for efficacy comparison and partly be-
cause a history of motion sickness, a suggested risk factor 
for CINV,1,2 was noted in more patients in the FosNTP 
group (54.9% [28 of 51 patients]) than the FosAPR 
group (44.9% [22 of 49 patients]). Besides, in the piv-
otal phase 3 study of patients receiving cisplatin- based 
HEC, the primary end point of the overall CR rate was 
75.2% in the FosNTP group and 71.0% in the FosAPR 
group; this demonstrated the noninferiority of FosNTP 
to FosAPR.19

Because this study was conducted in patients re-
ceiving AC/EC to evaluate the safety of a single dose of 
FosNTP, the safety of repeated dosing was not evaluated. 
Another phase 3 study conducted in patients receiving 
cisplatin- based HEC evaluated the safety of repeated 
doses of FosNTP for up to 4 cycles of chemotherapy.19

In conclusion, FosNTP administered as a single 
intravenous dose in combination with PALO and DEX 
showed a favorable safety profile in patients receiving 
AC/EC chemotherapy. Hence, as an intravenous NK1 
RA with a low risk of causing ISRs, FosNTP may be 
used for protecting patients with cancer from experi-
encing CINV.
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