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Abstract
Goals of work Certain patient and treatment character-
istics are predictive of chemotherapy-induced nausea
and vomiting (CINV). Objectives of this analysis were:
(1) confirm the importance of several previously
reported adverse risk factors for CINV in patients
receiving chemotherapy, (2) assess the impact of the
NK1 receptor antagonist aprepitant according to these risk
factors, and (3) assess the impact of age on antiemetic
outcome.
Patients and methods Patients from two double-blind,
placebo-controlled trials were randomized to an active-
control group (ondansetron 32 mg IV, dexamethasone
20 mg PO day 1; dexamethasone 8 mg bid days 2–4) or
an aprepitant group (aprepitant 125 mg PO, ondansetron
32 mg IV, dexamethasone 12 mg day 1; aprepitant 80 mg
days 2–3; dexamethasone 8 mg qd days 2–4). The primary
endpoint was complete response (no emesis or rescue

therapy use). In a post-hoc analysis, multivariate logistic
regression models were used to assess the impact of
treatment with aprepitant and previously reported risk
factors, using a modified intent-to-treat approach.
Main results Treatment with aprepitant (p<0.0001), male
gender (p=0.023), cisplatin dose <80 mg/m2 (p=0.001),
age ≥65 years (p=0.021), and five or more alcoholic drinks
per week (p=0.027) were all significantly associated with
improved complete response. Aprepitant improved com-
plete response regardless of risk for all factors and
neutralized the risk associated with female gender.
Conclusions This analysis confirmed the relevance of
several previously reported risk factors for CINV in
patients receiving chemotherapy. Aprepitant improved
complete response regardless of risk and eliminated the
increased risk of CINV associated with the female
gender.
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Introduction

Patients undergoing treatment with chemotherapy for
cancer have consistently listed nausea and vomiting (CINV)
as among the most troublesome and widely feared side-
effects [14]. Significant progress has been realized over the
past two decades in the development of effective and well-
tolerated means to prevent nausea and vomiting in a
majority of patients receiving emetogenic chemotherapy.
Retrospective analyses conducted with some of the earliest
antiemetic trials identified a number of patient and
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treatment characteristics that appeared to have predictive
value for the development of CINV [2, 6, 10, 15].
Subsequent trials evaluating a variety of type 3 five-
hydroxytryptamine (5-HT3) receptor antagonists have for
the most part confirmed the predictive value of such factors
as age, gender, alcohol use, history of motion sickness, and
dose of cisplatin [1, 4, 8, 13]. Several of these trials have
been relatively small in size which has limited the power of
the predictive factor analysis.

In recent years, the first representative of a new class
of antiemetics, the neurokinin-1 (NK1) receptor antago-
nists has been introduced into clinical practice. The NK1

receptor antagonist aprepitant, combined with dexameth-
asone and the 5-HT3 receptor antagonist ondansetron, has
been shown to improve the control of CINV in the setting
of both highly emetogenic (cisplatin-based) and moder-
ately emetogenic (anthracycline+cyclophosphamide) che-
motherapy [5, 9, 17].

The first two reported phase III trials of aprepitant in
highly emetogenic chemotherapy provide an opportunity
to study the previously described predictive factors
employing a database of over 1,000 patients [5, 9]. This
robust sample also allows assessment of the impact of
aprepitant on these risk factors. The trials also provide an
opportunity to study the impact of age in greater depth.
Several prior analyses have found that age younger than
40 or 50 years is an important factor in predicting higher
risk for CINV [1, 10, 12]. None of these studies, however,
have been able to investigate whether this is an effect
associated with younger patients only, or if this risk
diminishes progressively with increasing age. In this
manuscript, we have sought to confirm the importance of
a number of adverse factors for CINV in patients receiving
cisplatin-based chemotherapy and to assess the impact of
the NK1 receptor antagonist aprepitant according to these
risk factors.

Patients and methods

Design

Two identically designed phase III, multicenter, random-
ized, double-blind, parallel-group, placebo-controlled
trials were conducted. Written informed consent to
participate was obtained from every patient and was
approved by the institutional review board of each
participating site. All study procedures were followed
in accordance with applicable ethical requirements.
Detailed descriptions of the design (including enrollment
criteria), as well as the primary efficacy and tolerability
results of the individual studies, are published elsewhere
[5, 9].

Patients

The studies enrolled cisplatin-naive patients who were
scheduled to receive their first cycle of chemotherapy
including cisplatin ≥70 mg/m2. Patients were randomized
to one of two treatment groups: patients in the active-
control group received intravenous ondansetron 32 mg
and oral dexamethasone 20 mg on day 1, followed by oral
dexamethasone 8 mg twice daily on days 2–4; patients in
the aprepitant-containing group received oral aprepitant
125 mg on day 1 and 80 mg on days 2 and 3, intravenous
ondansetron 32 mg, and oral dexamethasone 12 mg on day
1 and 8 mg daily on days 2–4. Matching placebos were
given to maintain blinding. Patients were given a take-
home prescription of rescue antiemetics to be used as
needed in case of nausea or vomiting.

Assessments and statistical analysis

On the first 5 days after receiving chemotherapy, patients
used a diary to record the occurrence of emetic episodes,
any use of rescue therapy, and daily ratings of nausea
severity using a 100-mm horizontal visual analog scale.
The study sponsor (Merck Research Laboratories) managed
the data and performed analysis, and investigators had
access to the data. The primary endpoint was complete
response (defined as no emetic episodes and no rescue
therapy) in the overall 5-day study period. Since anticipa-
tory nausea and vomiting is an important risk factor that
could impact results in subsequent cycles, only cycle 1 was
studied in this analysis.

An analysis of combined data from the two clinical
trials was prespecified. The modified intent-to-treat
analysis included all patients who received cisplatin,
took study drug, and had at least one posttreatment
assessment. In a post-hoc analysis, the impact on
complete response of treatment with aprepitant, and a
number of prespecified risk factors, including gender,
age (<65 and ≥65 years), alcohol use (0 to four drinks
per week and five or more drinks per week), and
cisplatin dose (<80 mg/m2 and ≥80 mg/m2) was assessed.
The cut-off of 65 years for age was chosen based on
protocol-specified subgroup summaries. The cut-off for
alcohol was chosen because four drinks per week
represents a low level of alcohol intake; it was also felt
that higher cut points may actually represent higher
alcohol usage due to suspected under-reporting of alcohol
use in these studies. A higher cut-off of, for example, ten
drinks per week would have also represented a very small
number of patients. The cut-off for cisplatin dose of
80 mg/m2 was chosen based on the mean dose in the
study. A number of other possible risk factors, including
body mass index, history of motion sickness, history of
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chemotherapy, and history of chemotherapy-induced nau-
sea and vomiting, were not included as they were
eliminated in a stepwise logistic regression which retained
factors having a significant impact on complete response.
We also conducted a post-hoc analysis of the combined
data set stratified by age (<60, 60–65, 65–70, and
>70 years) in order to investigate the impact of older age
on complete response. Logistic regression models were
used for all treatment comparisons, using SAS v.9.1.3
(SAS Institute, Cary, NC, USA). Since this was a post-hoc
analysis, analysis was conducted only on the primary
endpoint of complete response (no emesis and no rescue
therapy). No adjustment for multiple comparisons was
applied and p values reported are nominal.

Results

Patient characteristics

Overall, 1,043 patients were included in these post-hoc
analyses. Of these, 435 (42%) were women and the mean
age was 56 years. The mean cisplatin dose was 80 mg/m2.
Baseline characteristics of patients included in the analysis
are shown in Table 1. It can be seen that there were no
significant differences between arms, including the propor-
tion of patients with different types of cancer and the
proportion receiving concomitant emetogenic chemotherapy
in addition to cisplatin. Importantly, the proportion of
patients with known risk factors for CINV was similar
across arms.

Figure 1 shows the complete response rates in the
aprepitant-containing arm and the active-control arm for
each of the prespecified risk factors studied. In a multivar-
iate analysis including terms for treatment with aprepitant,
age, gender, alcohol use, and cisplatin dose, the most
significant factor impacting complete response was treat-
ment with aprepitant (p<0.0001). This is consistent with
the primary analysis of this combined data set as described
by Warr et al [16], in which 68% of patients in the
aprepitant-containing arm achieved complete response
compared with 48% in the active-control arm (p<0.001).
However, each of the prespecified risk factors included in
the model also proved to have a statistically significant
impact on complete response rates. Male gender (p=0.023),
lower cisplatin dose (p=0.001), older age (p=0.021), and
alcohol use (p=0.027) were all significantly associated with
an increased likelihood of achieving complete response.
Figure 2 shows the odds ratio of complete response for
patients receiving an aprepitant-containing antiemetic reg-
imen compared with active control for low-risk groups
(Fig. 2a) and high-risk groups (Fig. 2b). Regardless of
whether patients were in a low-risk group or a high-risk

group, addition of aprepitant was associated with a
statistically significant improvement in complete response
rate for all the risk factors studied.

Given the high complete response rates in patients
receiving aprepitant in all risk groups, we compared the
relative impact of aprepitant and active control in the
high- and low-risk groups to determine if aprepitant was
able to lessen the impact of these risk factors. Table 2
shows the relative risk of achieving complete response for
high- and low-risk groups for the aprepitant-containing
and active-control groups. The relative risk for high risk
and low risk was significantly different for all risk factors
in both groups, except for gender in the aprepitant-
containing group (p=0.54) and age in the active-control
group (p=0.073). In the active-control group, only 40.6%
of women achieved complete response, compared with
52.9% of men (p=0.005 for difference); however, in the
aprepitant-containing group, the complete response rate
was 66.2% for women and 68.9% for men (p=0.54),
indicating that inclusion of aprepitant-eliminated gender
as a risk factor for nausea and vomiting in this population.
Although there was a significant difference in complete
response rate in the aprepitant-containing group between
those receiving cisplatin <80 mg/m2 and ≥80 mg/m2, and
between those using five or more alcoholic drinks per

Table 1 Patient baseline characteristics by treatment group

Aprepitant regimen
(n=520)

Active-control regimen
(n=523)

Percent female 41% 42%

Race (%)

Caucasian 61% 61%

Black 5% 4%

Other 34% 35%

Age (years)

<60 52% 59%

60–65 19% 16%

65–70 17% 14%

>70 12% 12%

Mean cisplatin dose 80 mg/m2 80 mg/m2

Cisplatin dose

<80 mg/m2 65% 67%

≥80 mg/m2 35% 33%

Alcoholic drinks/week

0–4 (light/nondrinker) 85% 86%

≥5 (drinker) 15% 14%

Tumor site

Respiratory 45% 42%

Urogenital 23% 30%

Digestive 13% 9%

Other 19% 19%
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week and 0 to four drinks per week, there was a trend
towards a greater relative improvement in complete
response in the high-risk groups with aprepitant compared
with active control for these two risk factors, as evidenced
by a smaller relative risk ratio (Table 2). For age <65 and
≥65 years, there was no difference in relative improvement
in complete response rate between the aprepitant-
containing and active-control arms.

The combined study population included 124 patients over
70 years of age, affording an opportunity to further investigate
the impact of older age on the risk of CINV. The population
was divided into three age strata: <60, 60–65, 65–70, and
>70 years. There were no significant differences in baseline
characteristics across the four age strata, all being similar to
the overall population. The complete response rates for each
of the age strata are shown in Fig. 3a. The complete response
rate was significantly greater for the aprepitant-containing
arm than the active-control arm, regardless of age (Fig. 3b).
Multivariate logistic regression demonstrated a significant

age effect in the overall population (p=0.006); however,
when considered separately, the aprepitant-containing arm
and the active-control arm did not reach statistical signifi-
cance (p=0.070 and p=0.106, respectively). Figure 3a
suggests a trend for higher complete response rates with
increasing age, most evident in the aprepitant group.
However, this effect was not statistically significant, with
univariate contrast analysis demonstrating no difference in
complete response rate between patients >70 years of age
and those 60–65 (p=0.747) and 65–70 years (p=0.451).
There was a significant difference in complete response rates
between younger patients <60 years of age and older patients
65–70 years (p=0.018) and >70 years of age (p=0.004).

Discussion

The multivariate analysis described here has confirmed the
importance of age, gender, alcohol use, and cisplatin dose
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Fig. 1 Percentage of patients with complete response (no emesis and
no use of rescue therapy) in the overall phase (days 1–5), by treatment
group (data combined from two identically designed phase III studies.
Stratified by: a gender, b cisplatin dose, c alcohol use, and d age.

Asterisk p<0.0001 for aprepitant regimen vs. active control regimen.
Dagger p<0.017 for aprepitant regimen vs. active control regimen.
Double dagger p<0.016 for aprepitant regimen vs. active control
regimen
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as prognostic risk factors for CINV. Younger age, female
gender, light or no alcohol use, and higher cisplatin dose
were all associated with worse outcome in terms of
complete response to antiemetic therapy. A number of
other previously identified risk factors for CINV were not
included in this analysis because they were eliminated from
a stepwise logistic regression designed to keep only those
factors that met the statistical threshold. These included
history of motion sickness, history of vomiting associated
with pregnancy, history of prior chemotherapy, and history
of CINV. It is possible that while these factors may be

important in some populations, they were unimportant in
this study compared with the stronger associations seen
with the factors kept in the model, possibly due to
interaction with factors such as gender. Although prior
studies have each identified some of these predictive factors
for CINV [1, 2, 6, 8, 10, 13, 15], this analysis confirmed the
importance of all of these risk factors for the first time in a
single-study population. The data presented here further
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Fig. 2 Forest plot showing the odds ratio (±95% confidence
intervals) for complete response (no emesis and no use of rescue
therapy) in the overall phase (days 1–5) for patients receiving an
aprepitant-containing antiemetic regimen compared to the active-
control regimen for low-risk groups (a) and high-risk groups (b)

Table 2 Relative risk of complete response (no emesis and no use of rescue therapy) for high- vs. low-risk populations treated with either an
aprepitant-containing regimen or an active-control regimen. p value shows difference between high- and low-risk populations within aprepitant or
active-control regimens

Relative risk (95% confidence intervals)

Risk factor Aprepitant p value Active control p value

Gender (male vs. female) 1.041 (0.923, 1.176) 0.54 1.303 (1.075, 1.578) 0.005

Cisplatin dose (<80 mg/m2 vs. ≥80 mg/m2) 1.149 (1.005, 1.314) 0.033 1.344 (1.090, 1.662) 0.004

Alcohol use (drinker vs. light/non-drinker) 1.212 (1.062, 1.382) 0.017 1.337 (1.085, 1.650) 0.016

Age (<65 vs. ≥65 years) 1.191 (1.060, 1.338) 0.006 1.194 (0.990, 1.435) 0.073

Table 2 Relative risk of complete response (no emesis and no use of
rescue therapy) for high- vs. low-risk populations treated with either an
aprepitant-containing regimen or an active-control regimen. p value

shows difference between high- and low-risk populations within
aprepitant or active-control regimens
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demonstrates that regardless of whether patients were in a
low-risk or high-risk group, addition of aprepitant was
associated with a statistically significant improvement in
complete response rate for all the risk factors studied.

We also attempted in this analysis to determine whether
the relative risk of achieving a complete response in the
high- vs. low-risk groups could be affected by the addition
of aprepitant. With gender, the negative impact of female
gender was negated in the aprepitant group. Complete
response rates were not significantly different in men
compared with women in those receiving aprepitant
(68.9% vs. 66.2%, p=0.54, respectively). This finding
implies that women may derive a greater degree of benefit
than men from the addition of aprepitant. Nevertheless,
men still significantly benefited as well from treatment with
aprepitant (p<0.0001).

A similar trend was seen with cisplatin dose and alcohol
use. Although significant differences between high- and
low-risk groups were maintained, the relative risk associ-
ated with higher cisplatin dose and light or no alcohol use
was reduced for patients receiving an aprepitant-containing
regimen. The relative risk associated with younger age was
not impacted by the addition of aprepitant.

Younger age has long been recognized as a prognostic
risk factor for CINV [10]. The large size of our study
population permitted an exploratory analysis of the possible
impact of advancing age on antiemetic outcome. It has been
suggested that confounding factors such as reduced
chemotherapy dose in older patients explain the identifica-
tion of age as a prognostic factor [15]. In this study,
however, the correlation between age and cisplatin dose
was weak, although statistically significant (R2=0.103, p<
0.0001; data not shown); this likely reached statistical
significance due to the more than 1,000 patients in the data
set. Although there appeared to be a trend toward better
complete response with increasing age, there was no
significant difference between patients >70 years of age
and those 60–65 and 65–70 years of age. However, there
was a significant difference in complete response between
the two highest age strata and the <60 years stratum. As the
population of cancer patients continues to age, it is likely
that larger numbers of older patients will be included in
future antiemetic trials. Further insights into the possible
impact of advancing age on antiemetic outcome may be
obtained from these trials.

In summary, this study has confirmed the importance of
a number of risk factors, including age, gender, alcohol use,
and cisplatin dose, for predicting the development of CINV
in patients receiving cisplatin-based therapy. The NK1

receptor antagonist aprepitant improved complete response
rates in all patients, regardless of which risk factors were
present, and completely neutralized the excess risk of CINV
associated with female gender. These results support the

recommendations of current treatment guidelines [3, 7, 11]
that aprepitant be included in the antiemetic regimen for all
patients receiving highly emetogenic chemotherapy.
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