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Introduction

A number of recent summaries have described desirable
features of the planning, design, and analysis of antiemetic
trials in patients being treated for cancer [1, 3, 5, 10, 17,
19, 20]. In phase III testing, a consensus has emerged that
the optimum design is a randomized double-blind parallel
arm design. The study must have adequate power to detect
clinically meaningful differences. Stratification by previ-
ously identified prognostic factors could be considered.
Adequately measured primary and secondary end-points
need to be clearly identified in advance. These specific
points are described more fully below.

Randomization

Randomization distributes known and unknown prognostic
factors among the arms of a trial in an unbiased manner, so
that the effects of these prognostic factors are averaged out
in tests of statistical significance [21]. Randomization
avoids the conscious or subconscious assignment of cer-
tain patients to particular arms of a study. Nonrandomized
designs are unacceptable for phase III comparative anti-
emetic trials.

Double blind

Every effort should be made to double blind all compara-
tive antiemetic trials, since both nausea and vomiting may
be influenced by external stimuli and suggestion as well as
the direct emetogenic effect of the chemotherapy, and be-
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cause nausea is self-reported. However, it must be recog-
nized that blinding may be difficult to achieve. Informed
consent information that describes different side effects for
different arms of the study may make blinding difficult. If
the drugs being compared have differing side effects both
patients and treating staff may be able to accurately ascer-
tain one or more of the arms [23]. If subjective criteria are
used, it is essential that maximum efforts be made to en-
sure that at least the patient is blinded to the treatment as-
signment.

Parallel design

A parallel design should be chosen for antiemetic studies.
A crossover design is intuitively appealing and has been
successfully used in a variety of fields. The crossover de-
sign is often advocated because it allows for patient prefer-
ence, avoids interpatient variability, and requires a smaller
sample size. In the context of antiemetic studies, however,
the latter two assumptions are likely to be false [12]. Be-
cause the second course of treatment may be different
from the first course, the within-patient variability may be
no less than the between patient variability. And since, in a
crossover antiemetic trial, it is advisable to test for period
and carry-over effects, the planned sample size may be
greater than with a parallel study.

A further challenge to study integrity in a crossover de-
sign is the high probability of a substantial patient loss be-
tween subsequent chemotherapy cycles. With a crossover
design it is also not possible to evaluate the antiemetic ef-
ficacy over multiple cycles. Finally, there are also ethical
and clinical concerns about changing a treatment that has
been successful in the first period.

Stratification for prognostic factors

There is an emerging consensus that prognostic variables
influence the outcome of antiemetic studies. Age, gender,
prior long-term exposure to alcohol, and prior chemothera-
py experience are generally considered to be strongly as-
sociated with nausea and vomiting. There is less consistent
evidence for patient susceptibility to motion, patient anxi-
ety, and setting of the chemotherapy [18]. There are proba-
bly further unexplored prognostic factors, such as emo-
tional state, and as yet unexplored interactions among
prognostic factors. Known and suspected factors should be
prospectively assessed and evaluated as part of large anti-
emetic trials. Subgroup analysis based on these character-
istics should be planned in order to further understand
their potential role.

The aim of stratification prior to randomization is to as-
sure a balance of known prognostic factors among experi-
ential groups. When the sample size is sufficiently large,
imbalance among experimental groups is unlikely. If inter-
im analyses are planned, stratification prior to randomiza-
tion should be more seriously considered because of the

possibility that the trial may end early, which could result
in a larger imbalance of characteristics among arms. How-
ever, if the sample size is sufficiently large and analyses
are planned in advance, both stratification at the time of
randomization and stratification at the time of analyses
may be equally effective.

Sample size

Sample sizes should be calculated to achieve adequate
power (at least 80%; 90% is preferable) to detect differ-
ences that would be clinically meaningful. Although a
large improvement may be expected (or hoped for), the
study should be designed with the more modest, but still
clinically relevant difference in mind. With the improved
control of acute emesis with 5-HT3 receptor antagonists an
improvement of 15% or smaller may be clinically impor-
tant. This will serve to increase the required sample size.

Table 1 illustrates the interrelationships among the per-
cent complete control with a standard or comparison anti-
emetic agent, the percent improvement desired to be de-
tected and the sample size needed to detect the improve-
ment with a two-sided Chi-square test at a P<0.05 level
and 80% power. The number of patients increases as the
size of improvement to be detected decreases.

Studies designed to show equivalence of regimens
should have greater power: 90% or more is recommended
[6, 16]. In reporting of results, the criteria used for sample
size determination should be reported, that is the desired
power and what was considered a clinically important dif-
ference.

Interim analyses

The timing of interim analyses should be preplanned so
that the trial is not stopped early with a spuriously positive
result. The probability of achieving P=0.05 by chance
alone where no significant result actually exists can ex-
ceed 20% if interim analyses are performed every 6
months in a 4-year study [2]. Termination of a trial prior to
the target sample size requires a P-value smaller than 0.05
[9, 11, 24].
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Table 1 Total number of patients needed for comparison of two an-
tiemetic regimens (2-sided, P<0.05 Chi-square test with 80% power)

% Complete control 5% 10% 15%
with “standard” Improvement Improvement Improvement

40% 3146 814 372
60% 3020 752 330
80% 1890 438 176



Intent-to-treat analysis

If not all randomized patients are adequately treated and
evaluable, an intent-to-treat analysis must be performed
[12, 23]. An intent-to-treat analysis requires that all pa-
tients who were assigned to a regimen be included in the
denominator of the estimates of efficacy of that regimen. If
an “as-treated” analysis is also performed, the results of
that analysis should be compared with the results of the in-
tent-to-treat analysis [15]. All patients who are random-
ized should be accounted for [14].

Selection of end-points

End-points must be clearly defined before the trial begins.
Nausea and vomiting should be separately evaluated, not
only because of the dependence of nausea and vomiting on
different physiopathological mechanisms, but also to dis-
tinguish any different efficacy of antiemetic therapies for
nausea and vomiting [7, 18, 22]. While the occurrence and
severity of nausea and vomiting are of primary clinical in-
terest, symptom duration may provide important additional
information.

An analysis of the association between nausea and
vomiting is recommended to evaluate whether the pres-
ence of nausea can explain or account for the relationship
between the different efficacy of the antiemetic treatments
and the protection from vomiting.

Issues for the design of future trials

Methodological challenges remain in exploring unresolved
issues, including: treatment of patients for whom initial
antiemetic therapy has failed; control of delayed emesis;
prevention of emesis on repeated courses of chemothera-
py; tailoring therapies to subsets of patients (giving less
therapy for those at lower risk of emesis and more therapy
for those at greater risk); identifying effective regimens
that can be delivered on an outpatient basis; combining
drugs and altering schedules to further improve the control
of emesis. Future trials will involve assessment beyond the
initial 24 h and include several courses. Sample size calcu-
lations will need to consider the number of patients treated
and observed at later courses as well as at the first course.

Studies of delayed emesis

Delayed nausea or vomiting should be described consider-
ing both (1) the day-by-day response, for example the
severity from each day measured separately, in order to
evaluate the pattern of the phenomenon, and (2) a summa-
ry measurement for the whole period, for example the
maximum emesis observed on day 1 or during days 2–6,

or the time until emesis is first observed. Both approaches
will be useful in comparisons and evaluation of potential
relationship(s) between delayed emesis and potentially
prognostic factors.

A dependence of delayed emesis on acute emesis may
contribute to differences in observed efficacy between
acute and delayed side effects. The association between
emesis during the first 24 h and the delayed emesis should
be summarized by the type of antiemetic and the type of
chemotherapy treatment given the patient [13]. Compara-
tive trials should be specifically designed to evaluate de-
layed emesis. The treatment of acute emesis should be ad-
ministered in a standard manner. One approach is to ran-
domize patients prior to any treatment and perform an in-
tent-to-treat analysis. This allows evaluation both of pa-
tients who experience little or no acute emesis prior to the
experience of delayed and of those patients who experi-
ence severe emesis during the acute phase.

In studies where patients are randomized after the acute
phase, stratification should be based on a patient’s re-
sponse during the acute phase. It is important to record in-
formation on those patients who drop out because of acute
nausea/emesis. In the situation that all the patients receive
the same prophylaxis against delayed emesis, some infor-
mation regarding the different efficacy of the various regi-
mens against delayed emesis can also be obtained.

Studies of multiple cycles of chemotherapy

The analysis of multiple cycles of chemotherapy is com-
plicated, because of the dependence of each cycle on pre-
vious cycles. Furthermore, there maybe a potential over-
lapping of acute and delayed emesis (and, depending on
time between cycles, a potential overlap between delayed
side effects of one cycle and anticipatory side effects of
the next [17]). Statistical models need to describe nau-
sea/vomiting over multiple cycles, allowing for the effect
of drop-outs on the observed treatment efficacy as well as
a potential effect on prognostic factors [4]. In summarizing
the results of a trial of multiple cycles, the following
should be reported: the number of drop-outs at each cycle,
the reasons for their exclusion, and a summary of the pri-
mary prognostic factors.

Alternate designs

Future studies will involve the comparison of combina-
tions of two or more drugs, different schedules or routes of
administration, or different doses. For these, factorial de-
signs [8] will allow us to ask two or more questions simul-
taneously, and have two important features: fewer patients
are required than in the sequence of separate trials, each
asking a single question; and interactions (synergy or an-
tagonism) between treatment factors can be identified. If
the goal is to select the best regimen (i.e. the best combi-
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nation of treatment factors), then methods for statistical
selection can be employed [4] in the setting of the factorial
design. With selection methods, the regimen that achieves
the best observed response is selected for use or for further
study, or the two (or three) regimens with the best ob-
served responses are selected for further study. The num-
ber of patients required is determined by probability re-
quirement for correct selection. Methods of statistical se-
lection have the advantage of generally requiring fewer pa-
tients than formal hypothesis-testing procedures. However,
the individual questions (of scheduling, of dosing, etc.) are
not addressed specifically and the regimen selected is not
“proven” to be best, as is the case in formal hypothesis
testing. Two-stage and multiple-stage selection methods
are also available, in which a number of regimens are
eliminated at each stage, allowing more patients to be as-
signed to those regimens which appear more effective in
the earlier stages. These can also be used in early phase
testing of drugs, to identify the most biologically active
doses for further testing.

Recommendations

Articles such as those briefly reviewed and discussions at
the consensus conference lead us to suggest the following
recommendations for the conduct of clinical trials evaluat-
ing antiemetic therapy.
1. A randomized, parallel arm double-blind study is the 

preferred design to compare the efficacy of two or
more antiemetic therapies.

2. There are factors that may influence the likelihood of
emesis following chemotherapy that must be part of the
study design.

a. The prognostic factors of age, gender, long-term expo-
sure to alcohol and prior chemotherapy experience
have consistently been found to influence nausea and
vomiting.

b. Other potential prognostic factors should be investigat
ed prospectively as part of large antiemetic trials.

3. Complete response for vomiting and nausea should be
the primary end-points of antiemetic trials, and these
should be evaluated separately. The association be-
tween nausea and vomiting and its relationship with
treatment should be analyzed.

4. Sample sizes should be calculated to achieve adequate
power (at least 80%; 90% is preferable) to detect clini-
cally meaningful differences.

5. Interim analyses should be preplanned so that a trial is
not stopped early with a spuriously positive result.

6. An intent-to-treat analysis should be performed, and 
all randomized patients should be accounted for.

7. For studies of delayed emesis, the criterion used to de-
fine delayed emesis should be stated and the relation-
ship of delayed nausea/vomiting and acute nau-
sea/emesis should be allowed for in the analysis.

8. Clinical trials should be designed to measure both nau-
sea and vomiting over multiple cycles of chemothera-
py, and the analysis should take into consideration that 
cycles are not independent. When reporting results the
number of patients who drop out at each cycle for each
arm should be specified and the reasons for drop-
out should be summarized.
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