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Background: To establish the role of antiemetic therapy with neurokinin-1 (NK1) receptor antagonists (RAs) in nonanthracycline and cyclophosphamide (AC)-based moderately emetogenic chemotherapy (MEC) regimens, this study evaluated single-dose intravenous (i.v.) fosaprepitant for the prevention of chemotherapy-induced nausea and vomiting (CINV)
associated with non-AC MEC.
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Patients and methods: In this international, phase III, double-blind trial, adult cancer subjects scheduled to receive ≥1
non-AC MEC on day 1 were randomized to a regimen comprising single-dose i.v. fosaprepitant 150 mg or placebo along
with ondansetron and dexamethasone on day 1; control regimen recipients received ondansetron on days 2 and 3.
Primary end points were the proportion of subjects achieving a complete response (CR; no vomiting and no use of rescue
medication) in the delayed phase (25–120 h after MEC initiation) and safety. Secondary end points included CR in the
overall and acute phases (0–120 and 0–24 h after MEC initiation, respectively) and no vomiting in the overall phase.
Nausea and the Functional Living Index-Emesis were assessed as exploratory end points.
Results: The fosaprepitant regimen improved CR signiﬁcantly in the delayed (78.9% versus 68.5%; P < 0.001) and
overall (77.1% versus 66.9%; P < 0.001) phases, but not in the acute phase (93.2% versus 91.0%; P = 0.184), versus
control. In the overall phase, the proportion of subjects with no vomiting (82.7% versus 72.9%; P < 0.001) and no signiﬁcant nausea (83.2% versus 77.9%; P = 0.030) was also signiﬁcantly improved with the fosaprepitant regimen. The fosaprepitant regimen was generally well tolerated.
Conclusion: Single-dose fosaprepitant added to a 5-HT3 RA and dexamethasone was well tolerated and demonstrated
superior control of CINV ( primary end point achieved) associated with non-AC MEC. This is the ﬁrst study to evaluate NK1
RA therapy as an i.v. formulation in a well-deﬁned non-AC MEC population.
ClinicalTrials.gov: NCT01594749 (https://clinicaltrials.gov/ct2/show/NCT01594749).
Key words: fosaprepitant dimeglumine, neurokinin-1 receptor antagonists, vomiting, nausea, moderately emetogenic
chemotherapy

introduction
Antiemetic prophylaxis for chemotherapy-induced nausea and
vomiting (CINV) is an important component of cancer treatment
management. In the absence of antiemetic prophylaxis, the risk
of emesis with antineoplastic agents classiﬁed as moderately
emetogenic chemotherapy (MEC) is 30%–90%, and >90% with
highly emetogenic chemotherapy (HEC). CINV can occur within the acute (0–24 h) or delayed (25–120 h) phases of chemotherapy, with increased severity in the delayed setting [1].
Antiemetic treatment guidelines indicate that 5-HT3 receptor
antagonists (RAs) effectively prevent and control CINV during
the acute phase in subjects receiving MEC or HEC [2–5], but
are generally less effective in preventing CINV in the delayed
phase [6, 7]. Aprepitant and fosaprepitant dimeglumine, the
water-soluble prodrug that is rapidly converted to aprepitant
after intravenous (i.v.) administration, are potent and selective
neurokinin-1 (NK1) RAs that are effective against CINV in both
acute and delayed phases when added to a standard antiemetic
regimen (a 5-HT3 RA and dexamethasone) in subjects receiving
HEC and AC-based chemotherapy [8–10]. Although approved
for the prevention of MEC- or HEC-associated CINV [11, 12],
NK1 RA utility in non-AC MEC recipients has been debated,
emphasizing the need for well-designed randomized studies to
better deﬁne their role in this setting [13].
This study is the ﬁrst to directly assess the efﬁcacy and safety
of a single 150-mg i.v. dose of fosaprepitant combined with a
5-HT3 RA and a corticosteroid versus a standard regimen [5] of
5-HT3 RA plus corticosteroid-alone for the prevention of CINV
in a well-deﬁned non-AC MEC population.

from the independent ethics committee or institutional review board was
obtained for each participating center. All subjects provided written
informed consent before enrollment.

patients
Subjects aged ≥18 years with conﬁrmed malignant disease, who were treatment naive to MEC and HEC (as deﬁned in the Hesketh classiﬁcation of
emetogenic chemotherapy agents [14]), were eligible. All subjects had to be
scheduled to receive ≥1 i.v. dose of MEC on day 1. Combinations of
MEC ± a low emetogenic chemotherapy (LEC) were permitted from days
1–3 when part of an overall MEC regimen and were in accordance with
current emetogenicity classiﬁcation guidelines [2, 3]. Although AC regimens
have been considered MEC in previous clinical trials, updated treatment
guidelines now consider AC regimens to be HEC [2–5]. As a result, AC regimens were not allowed. Minimally emetogenic chemotherapy was permitted
throughout the treatment period. Additional cycles of chemotherapy were
permitted after the efﬁcacy period.
The major exclusion criteria for this study were vomiting in the 24-h
period before day 1, antiemetic use within 48 h of day 1, symptomatic
primary or metastatic central nervous system malignancy causing nausea
and/or vomiting, and the use of any dose of cisplatin or other HEC.

randomization and blinding
Subjects were randomized (1 : 1) to the single-dose fosaprepitant or control
regimen via an interactive voice response system/interactive web response
system, and stratiﬁed based on sex. Study medications were supplied in a
blinded manner as fosaprepitant/placebo i.v. bags, ondansetron/placebo capsules, and dexamethasone/placebo capsules.

study treatments

methods
study design
This international, phase III, randomized, double-blind, active-comparator,
parallel-group, multicenter, superiority trial (PN031) was conducted at 125
sites across 30 countries. The trial was conducted in accordance with the
Declaration of Helsinki and the Good Clinical Practice guidelines. Approval
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Subjects received fosaprepitant (fosaprepitant regimen) or placebo (control
regimen) on top of ondansetron plus dexamethasone in accordance with
current antiemetic guidelines [2, 3, 5] and in agreement with regulatory
guidance on the study design (supplementary Table S1, available at Annals
of Oncology online). For the fosaprepitant regimen, i.v. fosaprepitant as a
single 150-mg dose was administered ∼30 min before MEC initiation on
day 1. For both regimens, oral ondansetron and oral dexamethasone were
taken before MEC on day 1, followed by oral ondansetron 8 h after the ﬁrst

doi:10.1093/annonc/mdv482 | 

original articles

Annals of Oncology

dose. On days 2 and 3, subjects in the control group received ondansetron
every 12 h, whereas those in the fosaprepitant group received matching
placebo.
The use of investigator-prescribed rescue medication (e.g. 5-HT3 RA,
phenothiazines, butyrophenones, benzamides, corticosteroids, benzodiazepines, and domperidone) was permitted throughout the study to alleviate
symptoms of established nausea or vomiting.

available at Annals of Oncology online). Chemotherapeutic
agents administered were balanced, with carboplatin (∼53%)
and oxaliplatin (∼22%) most commonly used in both treatment
groups (supplementary Table S3, available at Annals of
Oncology online). Overall, 96.6% and 98.4% of subjects completed
the study in the fosaprepitant and control groups, respectively.

end points

efﬁcacy

The primary efﬁcacy end point was the proportion of subjects who achieved
complete response (CR; no vomiting and no use of rescue medication)
during the delayed phase (25–120 h following initiation of the ﬁrst MEC
dose). Secondary efﬁcacy end points included the proportions of subjects
who achieved CR during the overall and acute phases (0–120 and 0–24 h
after MEC initiation, respectively) and the proportion of subjects with no
vomiting (regardless of rescue medication use) during the overall phase. A
list of exploratory end points assessed in this study is provided in supplementary Materials, available at Annals of Oncology online.
Clinical adverse events (AEs) were graded according to National Cancer
Institute Common Toxicity Criteria, version 4.0. Infusion-related reactions,
including infusion-site thrombophlebitis and severe infusion-site pain, erythema, and induration, were prespeciﬁed as events of clinical interest.
Additionally, vomiting was reported as an AE if the vomiting episode occurred outside of the efﬁcacy assessment period or met criteria for a serious
adverse event (SAE).

CR in the delayed phase ( primary end point) was superior in
the fosaprepitant versus the control regimen (treatment difference 10.4%; P < 0.001) (Figure 2A); this was also consistent in
the full analysis set and per-protocol populations (deﬁned in
supplementary Materials, available at Annals of Oncology
online). CR during the overall phase was also superior in the
fosaprepitant regimen (treatment difference 10.2%; P < 0.001).
Both regimens had a high CR in the acute phase (treatment difference 2.3%; P = 0.184).
Fosaprepitant regimen was superior to the control regimen
for no vomiting in the overall phase (treatment difference 9.8%;
P < 0.001) (Figure 2B). The exploratory end point of no vomiting in the delayed phase was also superior in the fosaprepitant
group (treatment difference 8.8%; P < 0.001). Furthermore,
the estimated time-to-ﬁrst vomiting episode in the overall
phase, regardless of rescue medication use, was longer in the
fosaprepitant group, compared with the control group (nominal
P < 0.001) (supplementary Figure S1, available at Annals of
Oncology online).
The proportion of subjects with no signiﬁcant nausea was signiﬁcantly higher in the fosaprepitant group in the overall phase
(83.1% versus 78.3%, P = 0.026), but between-group differences in
the proportions of subjects with no nausea or no rescue medication use did not reach statistical signiﬁcance (65.3% versus 61.6%,
P = 0.156 and 83.9% versus 79.5%, P = 0.069, respectively).
The proportion of subjects with no impact of CINV on daily
life [Functional Living Index-Emesis (FLIE) total score >108]
was signiﬁcantly greater for the fosaprepitant versus the control
group [81% versus 75.5%; odds ratio 1.39; 95% conﬁdence interval (CI) 1.01–1.91; P = 0.043]. Similar results were observed for
individual FLIE domains, with the exception of the vomitingspeciﬁc domain (nominal P = 0.068).

statistical analysis
Statistical methods are described in supplementary Materials, available at
Annals of Oncology online.
The intent-to-treat (ITT) population (subjects receiving ≥1 dose of study
drug and analyzed in their randomized treatment group) was used for the
primary efﬁcacy analysis, whereas the all-subjects-as-treated (ASaT) population (all subjects receiving ≥1 dose of study drug and analyzed in the treatment group based on the drug actually received) was used for the safety
analysis.
Treatment comparisons for the primary and secondary efﬁcacy analyses
included formal tests for superiority using the Cochran–Mantel–Haenszel
test, stratiﬁed by sex. Superiority of the fosaprepitant versus the control
regimen was evaluated using a two-tailed test with P ≤ 0.05 indicating a signiﬁcant difference. No formal test of superiority was carried out for exploratory end points.
Descriptive statistics were provided for demographic variables, baseline
characteristics, and AEs. Details on the analyses of exploratory end points
and AEs are provided in supplementary Methods and Results, available at
Annals of Oncology online.

results
Overall, 1015 of the 1150 screened subjects were randomized
between 30 October 2012 and 03 November 2014. Reasons for
nonrandomization are shown in Figure 1. The ITT and ASaT
populations comprised 1000 and 1001 subjects, respectively
(Figure 1). The overall mean age was 59.6 years. Baseline demographics of the ITT population (Table 1) were similar between
treatment groups and balanced with respect to the malignancy
type being treated, which were representative of a MEC population. Treatment groups were also balanced regarding the types
of chemotherapy regimens used, with most subjects receiving
single-day regimens (71.3% and 69.9% for fosaprepitant and
control regimens, respectively; supplementary Table S2,

 | Weinstein et al.

safety and tolerability
AEs were reported by 61.3% of subjects in the ASaT population
and were comparable between the treatment regimens (Table 2).
The AE proﬁle was generally typical of a population receiving
emetogenic chemotherapy. The most commonly reported allgrade AEs for the fosaprepitant and control groups were fatigue,
diarrhea, and constipation (Table 2). No cases of severe infusion-site pain, erythema, or induration were reported. Three
cases (0.6%) of infusion-site thrombophlebitis were reported in
the fosaprepitant group, compared with no cases in the control group (treatment difference 0.6%; 95% CI −0.2 to 1.7;
P = 0.085); none of these infusion-site reactions were considered
by the investigator to be severe or related to study medication.
Most AEs were grade 1–2 in severity, with neutropenia being
the most commonly reported grade 3–4 AE in both the fosaprepitant and control groups (5.2% versus 4.8%).
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Reasons for exclusion:
Screened
(N = 1150)

Randomized
(n = 1015)

• Screen failure = 116 (10.1%)
• Technical problems = 9 (0.7%)
• Subject withdrew consent = 5 (0.4%)
• Subject withdrawal = 2 (0.2%)
• Physician decision = 1 (0.1%)
• Protocol violation = 1 (0.1%)
• Death = 1 (0.1%)

Fosaprepitant regimen
(n = 508)

Control regimen
(n = 507)

Included in efficacy analyses*
(ITT population: n = 502)

Included in efficacy analyses*
(ITT population: n = 498)

Included in safety analysis
(ASaT population: n = 504)

Included in safety analysis
(ASaT population: n = 497)

Completed = 485 (96.6%)
Discontinued = 17 (3.4%)
• Death = 9 (1.8%)
• Adverse event = 2 (0.4%)
• Protocol violation = 2 (0.4%)
• Subject withdrawal = 2 (0.4%)
• Physician decision = 1 (0.2%)
• Lost to follow-up = 1 (0.2%)

Completed = 490 (98.4%)
Discontinued = 8 (1.6%)
• Death = 3 (0.6%)
• Subject withdrawal = 2 (0.4%)
• Adverse event = 1 (0.2%)
• Protocol non-compliance = 1 (0.2%)
• Physician decision = 1 (0.2%)

*14 subjects were excluded from the primary efficacy analysis due to not receiving study medication. One subject
was also excluded from the primary efficacy analysis due to loss of source documents, including the informed
consent form, but was included in the safety analysis
Figure 1. CONSORT diagram. ASaT, all subjects as treated; ITT, intent-to-treat.

Overall, SAEs were reported in 74 subjects (7.4%); the most
commonly reported was febrile neutropenia (1.6% and 1.0% of
fosaprepitant and control regimen recipients, respectively).
Drug-related SAEs were reported in one and two subjects receiving the fosaprepitant (hypersensitivity reaction) and control
(one worsening constipation; one allergic reaction) regimens,
respectively. Sixteen randomized subjects died, with the day of
death relative to treatment day 1 ranging from day 4 to 90. Of
these subjects, 10 had AEs with an onset date that occurred
between day 1 (baseline) and day 17 (14 days after the last dose
of study medication), inclusive, that resulted in death (Table 2).
All cases appeared to be attributable to subjects’ underlying malignancy, other pre-existing conditions, and/or effects of chemotherapy; no deaths were considered by investigators to be related
to the study drug.

discussion
This is the ﬁrst study to provide efﬁcacy and safety data on a
single 150-mg i.v. dose of fosaprepitant added to a 5-HT3 RA
and a corticosteroid for the prevention of CINV in adults receiving non-AC MEC. Overall, this single-day, triple-antiemetic
fosaprepitant regimen proved to be superior to a standard 3-day
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control antiemetic regimen for the prevention of CINV associated with MEC.
The superior results in the delayed and overall phases were
similar to those of previous NK1 RA clinical trials in subjects
receiving HEC [8–10, 15–18]. Furthermore, consistent with
antiemetic guidelines, treatment differences of >10% in favor of
the fosaprepitant regimen for CR (delayed and overall phases)
in the current study are considered to be clinically meaningful
for patients [1, 3].
In contrast to previous studies, the fosaprepitant regimen did
not improve CR during the acute phase. This may be attributed
in part to a higher than expected CR rate (92%) in the acute
phase of the control group compared with that of previous
studies (49%–85%) [8–10, 15, 16, 18]. Differences in study populations may have been a factor; subjects in previous studies primarily received cisplatin or AC-based MEC regimens [8–10, 15,
16, 18], which are now classiﬁed as HEC under current treatment
guidelines [2, 5]. Post hoc analysis of a phase III trial consisting of
a broad range of MEC (AC and non-AC regimens) reported CR
improvements with an aprepitant regimen in subjects receiving
non-AC MEC [17]. Another phase III trial also reported CR
improvements with the NK1 RA, rolapitant, in a large MEC
population stratiﬁed based on AC and non-AC regimens; >50%
of subjects in the study received AC-based regimens [19].
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Control regimen
(N = 498)

60.0 (11.8)
97 (19.3)
405 (80.7)

59.1 (12.3)
108 (21.7)
390 (78.3)

204 (40.6)
298 (59.4)

205 (41.2)
293 (58.8)

424 (84.5)
21 (4.2)
13 (2.6)

414 (83.1)
14 (2.8)
8 (1.6)

P = 0.184†
100%

P < 0.001†

93.2 91.0

78.9

80%

62 (12.4)

89 (17.7)

102 (20.5)

77.1
68.5

70%

66.9

60%
50%
40%
30%
20%
10%
0%
CR Acute phase

CR Delayed phase*

Fosaprepitant

44 (8.8)

P < 0.001†

90%

CR Overall phase*

Control

*Primary end point.
†Based

on Cochran-Mantel-Haenszel method with stratification by sex.

CR, complete response.

129 (25.7)
110 (21.9)
102 (20.3)
81 (16.1)
33 (6.6)
12 (2.4)
35 (7.0)
28 (5.6)

125 (25.1)
121 (24.3)
91 (18.3)
71 (14.3)
41 (8.2)
9 (1.8)
40 (8.0)
30 (6.0)

60 (12.0)

61 (12.2)

224 (44.6)

213 (42.8)

ITT, intent to treat; SD, standard deviation.

B

P = 0.069†
100%

P < 0.001†

P < 0.001†

83.9

82.7

94.8 92.0

90%
Proportion of subjects (%)

Age [mean (SD)], years
Age <50 years, n (%)
Age ≥50 years, n (%)
Sex, n (%)
Male
Female
Race, n (%)
White
Asian
Black or African
American
Other
Ethnicity
Hispanic or Latino
Type of malignancy, n (%)
Lung
Breast
Colorectal
Gynecologic
Gastrointestinal
Head and neck
Other
History of motion
sickness, n (%)
History of emesis during
pregnancy, n (%)
History of alcohol use, n (%)

Fosaprepitant
regimen (N = 502)

A

Proportion of subjects (%)

Table 1. Baseline demographics and specific clinical characteristics
(ITT population)

75.1

80%

72.9

70%
60%
50%
40%
30%
20%
10%
0%

NV Acute phase*

NV Delayed phase*

Fosaprepitant

To our knowledge, this is the ﬁrst large, global, randomized,
controlled superiority trial to prospectively evaluate treatment
with a single-dose i.v. NK1 RA in a well-characterized non-AC
MEC population.
The fosaprepitant regimen also provided signiﬁcant improvements in the secondary and exploratory efﬁcacy end points,
such as no vomiting in the overall and delayed phases, no signiﬁcant nausea in the overall phase, and improved quality of
life, consistent with previous NK1 RA trials [8–10, 15, 17, 18].
Taken together, the overall efﬁcacy ﬁndings support the clinical
beneﬁt provided by the fosaprepitant regimen in a non-AC MEC
population.
The fosaprepitant regimen was generally well tolerated in the
current study, and no new safety signals were noted compared
with previous fosaprepitant studies [15, 20]. AE proﬁles for the
two treatment regimens were similar and consistent with those
in subjects receiving emetogenic chemotherapy [21]. An imbalance in deaths between the treatment arms was observed, but a
careful review of each case suggested that these were likely to
reﬂect progression of the underlying disease process, and no
deaths were assessed as likely to be related to the study drug by
the investigators. Finally, although higher infusion-site AE rates
have been previously observed with fosaprepitant [15, 20, 22],
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NV Overall phase

Control

*Exploratory end point.
†Based

on Cochran-Mantel-Haenszel method with stratification by sex.

NV, no vomiting.

Figure 2. Proportion of subjects with (A) complete response (CR) and
(B) no vomiting in the acute (0–24 h), delayed (25–120 h), and overall
(0–120 h) phases following initiation of a ﬁrst dose of moderately emetogenic chemotherapy.

only three cases of infusion-site thrombophlebitis were reported
in the fosaprepitant group for this study.
This study included a large, well-balanced non-AC MEC
population regarding the types of chemotherapy regimens and
agents administered. While these ﬁndings indicate that a singledose fosaprepitant regimen can potentially offer the convenience
of completing all antiemetic treatment before MEC initiation in
a single day, the study was not designed to evaluate treatment
differences among subgroups across the full heterogeneity of the
MEC population. Unlike HEC regimens, which are generally
homogeneous in terms of emetogenic potential (>90%), the risk
of emesis in MEC populations ranges from 30% to 90% and is
complicated by factors such as chemotherapy sequence and
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Table 2. Summary of adverse events
(all-subjects-as-treated population)a
N (%)

Fosaprepitant
regimen
(N = 504)

Control
regimen
(N = 497)

≥1 AE
312 (61.9)
302 (60.8)
Drug-related AEsc
43 (8.5)
45 (9.1)
Serious AEs
39 (7.7)
35 (7.0)
Serious drug-related
1 (0.2)
2 (0.4)
AEsc
Deathd
8 (1.6)
2 (0.4)
Discontinuatione due
2 (0.4)
2 (0.4)
to AE
Commonly reported AEs (≥5% of subjects)
Fatigue
76 (15.1)
64 (12.9)
Diarrhea
64 (12.7)
56 (11.3)
Constipation
47 (9.3)
52 (10.5)
Neutropenia
41 (8.1)
37 (7.4)
Headache
30 (6.0)
35 (7.0)
Decreased appetite
27 (5.4)
32 (6.4)
Alopecia
11 (2.2)
26 (5.2)

Difference versus
control regimen, %
(95% CI)b
1.1 (−4.9 to 7.2)
−0.5 (−4.1 to 3.0)
0.7 (−2.6 to 4.0)
−0.2 (−1.3 to 0.7)
1.2 (−0.1 to 2.7)
−0.0 (−1.1 to 1.1)

2.2 (−2.1 to 6.5)
1.4 (−2.6 to 5.5)
−1.1 (−4.9 to 2.6)
0.7 (−2.7 to 4.1)
−1.1 (−4.2 to 2.0)
−1.1 (−4.1 to 1.9)
−3.0 (−5.6 to −0.7)

a

One cross-treated subject was randomized to the control group but
received fosaprepitant in error; this subject was included in the
fosaprepitant group for safety and the control group for efficacy. One
subject with missing informed consent received fosaprepitant and was
included in the fosaprepitant safety group.
b
Based on Miettinen and Nurminen method.
c
Determined by the investigator to be related to any of the study drugs.
d
Deaths resulting from AEs that had an onset date between the baseline
and safety follow-up period (i.e. days 1–17, inclusive).
e
Study medication withdrawn.
AE: adverse event; CI: confidence interval.

available evidence for aprepitant in non-AC-based MEC regimens
[17], and suggests that the role of adding an NK1 RA in the overall
MEC setting, such as aprepitant/fosaprepitant, in all antiemetic
guidelines warrants further discussion.
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Metabolic phenotyping of human blood plasma: a
powerful tool to discriminate between cancer types?
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Background: Accumulating evidence has shown that cancer cell metabolism differs from that of normal cells. However,
up to now it is not clear whether different cancer types are characterized by a speciﬁc metabolite proﬁle. Therefore, this
study aims to evaluate whether the plasma metabolic phenotype allows to discriminate between lung and breast cancer.
Patients and methods: The proton nuclear magnetic resonance spectrum of plasma is divided into 110 integration
regions, representing the metabolic phenotype. These integration regions reﬂect the relative metabolite concentrations
and were used to train a classiﬁcation model in discriminating between 80 female breast cancer patients and 54 female
lung cancer patients, all with an adenocarcinoma. The validity of the model was examined by permutation testing and by
classifying an independent validation cohort of 60 female breast cancer patients and 81 male lung cancer patients, all
with an adenocarcinoma.

*Correspondence to: Prof. Liesbet Mesotten, Department of Nuclear Medicine,
Ziekenhuis Oost-Limburg, Schiepse Bos 6, 3600 Genk, Belgium. Tel: +32-89-32-46-34;
E-mail: liesbet.mesotten@zol.be

© The Author 2015. Published by Oxford University Press on behalf of the European Society for Medical Oncology.
All rights reserved. For permissions, please email: journals.permissions@oup.com.

