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Abstract
Background: Sample size calculation is a key aspect in the planning of any trial. Planning a randomized placebocontrolled trial in relapsing–remitting multiple sclerosis (RRMS) requires knowledge of the annualized relapse rate
(ARR) in the placebo group.
Objectives: This paper aims (i) to characterize the uncertainty in ARR by conducting a systematic review of placebocontrolled, randomized trials in RRMS and by modelling the ARR over time; and (ii) to assess the feasibility and utility of
blinded sample size re-estimation (BSSR) procedures in RRMS.
Methods: A systematic literature review was carried out by searching PubMed, Ovid Medline and the Cochrane
Register of Controlled Trials. The placebo ARRs were modelled by negative binomial regression. Computer simulations
were conducted to assess the utility of BSSR in RRMS.
Results: Data from 26 placebo-controlled randomized trials were included in this analysis. The placebo ARR decreased
by 6.2% per year (p < 0.0001; 95% CI (4.2%; 8.1%)) resulting in substantial uncertainty in the planning of future trials.
BSSR was shown to be feasible and to maintain power at a prespecified level also if the ARR was misspecified in the
planning phase.
Conclusions: Our investigations confirmed previously reported trends in ARR. In this context adaptive strategies such
as BSSR designs are recommended for consideration in the planning of future trials in RRMS.
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adaptive design, annualized relapse rate, blinded sample size review, computer simulations, relapsing–remitting multiple
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Introduction
Sample size calculation is a key aspect in the planning
of any clinical trial due to the impact of numbers of
subjects recruited on costs, trial duration, and number
of recruiting centres. In the planning of a randomized
controlled trial in relapsing–remitting multiple sclerosis
(RRMS) with clinical relapses as the primary eﬃcacy
outcome, sample size calculations need to consider the
following: the assumed annualized relapse rate (ARR)
in the control group (or alternatively overall ARR
across both treatment groups), a factor accounting
for between-patient heterogeneity (extra-Poisson variation), the clinically relevant eﬀect size, the length of
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follow-up (commonly 1 or 2 years), the targeted power
(usually 80 or 90%), and the signiﬁcance level (usually
5%). Recently Inusah et al.1 identiﬁed a downward
trend in ARR for trials published between 1980 and
2008 and considerable variation between studies
around this trend line, which results in considerable
uncertainty in the planning of future trials in RRMS.
This is further substantiated by very recent trials conducted to the highest standards that observed relapse
rates very much lower than the relapse rates assumed in
their sample size calculations.2,3 For instance, Kappos
et al.2 report that a placebo ARR of 0.7 was expected in
the sample size calculation whereas the observed ARR
was 0.4. The draft FDA guidance on adaptive designs4
recommends that ‘sample size adjustment using blinded
methods to maintain desired study power should generally be considered for most studies’ (FDA Guidance
document, Section V.B)4. Recently, blinded sample size
adjustment strategies for recurrent events such as
relapses were proposed.5–7 The present paper aims to:
. characterize and quantify the uncertainty in ARR by
conducting a systematic review of placebo-controlled, randomized trials in RRMS and by modelling the ARR over time
. assess the feasibility of blinded sample size re-estimation (BSSR) procedures in RRMS, and
. investigate the utility of BSSR procedures in RRMS
by means of computer simulations of virtual trials in
a scenario motivated by a recently published trial.
Finally, the advantages and disadvantages of BSSR
procedures are discussed by comparing BSSR designs
with unblinded group-sequential designs.

follows a negative binomial distribution with parameters n and k/n.10 This means that, for suﬃciently
large sample sizes, the total numbers of relapses in
the studies follow Poisson distributions. Fitting a negative binomial regression on the total number of
relapses with the logarithm of the total follow-up time
as oﬀset models potential between-study heterogeneity
by a gamma random eﬀect. For the estimated parameters and the predicted model values 95% Wald conﬁdence intervals (CIs) were computed.

Sample size calculation. In a study with a ﬁxed
follow-up time t per patient and a 1:1 randomization
to placebo and experimental treatment, the sample size
n per group to achieve a power 1-b with a signiﬁcance
level a is given by
2


1
1 Z þ Z
1þ
n¼
t

ðlog Þ2
2

assuming a placebo ARR , a rate ratio  and an extraPoisson variation  2.6,11 We assume that the primary
analysis aims to show superiority of the experimental
arm against placebo, and is based on a Poisson regression allowing for overdispersion (extra-Poisson variation). Similar sample size formulas are obtained when
the primary analysis is based on a negative binomial
model.7 However, the dependence of the variance on
the mean is diﬀerent for the overdispersed Poisson distribution and the negative binomial distribution, which
means that changing ARRs can result in changes in
overdispersion in one model but not the other.

Blinded sample size re-estimation. The procedure
Methods
Literature review
We updated a recent systematic review8 by searching
PubMed, Ovid Medline and the Cochrane Register of
Controlled Trials from 2008 to April 2010. The details
of the search strategy are described in Appendix A provided as supplementary material.

Statistical methods
Modelling time trends in ARR. The total numbers of
relapses in the studies were reconstructed by multiplying the ARR with the number of patients and follow-up
per patient in years. With the number of relapses of
individual patients during follow-up in a study following a negative binomial distribution9 (assuming random
withdrawal) with expectation  and overdispersion
parameter k, the total sum of relapses of that study

consists of three steps: (1) initial sample size calculation; (2) blinded sample size review; and (3) ﬁnal analysis.12 The initial sample size calculation is carried out
using the sample size formula given above based on
initial estimate of the ARR, the smallest clinically relevant eﬀect size and the extra-Poisson variation, which
might be obtained from previous studies. Multiplying
the initial sample size with the follow-up time in years
gives an initial estimate of the required total length of
follow-up (so-called person-years). Once a certain proportion of the initially estimated total follow-up data
becomes available, the overall ARR across the two
treatment groups and the extra-Poisson variation are
estimated in a blinded fashion, i.e. without knowledge
of the patients’ treatment allocations. The required
sample size is then reestimated based on these estimates
and the prespeciﬁed clinically relevant eﬀect size again
using the sample size formula given above. Details of
this procedure are given in Friede and Schmidli.6
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Computer simulations
To evaluate the utility of the BSSR design described
above in RRMS we adopted the recently proposed clinical scenario evaluation framework13 in its reﬁned version.14,15 Information on the disease-speciﬁc features,
such as ARR, were gathered through the systematic
review described above. Two design options were considered: a conventional design with ﬁxed sample size,
and the described BSSR design with a sample size
review once half of the follow-up data are available.
The ARR data of the virtual trials were simulated by
sampling from negative binomial distributions, which
are considered appropriate statistical models to
describe ARR data.9 To assess the operating characteristics of the designs (e.g. statistical power) 100,000 trials
per scenario were simulated. In order to conduct simulations close to clinical practice, the two parameters of
the negative binomial distribution were estimated from
published frequency tables (with potentially censored
observations) by the maximum likelihood method.

Results
We identiﬁed 18 abstracts that were not included in the
review by Sormani et al.8 Of these, three studies2,3,16
were suitable for inclusion in this review and were analysed together with the 23 trials previously identiﬁed by
Sormani et al.,8 giving a total of 26 randomized, placebo-controlled trials in RRMS. The placebo ARR of
the 26 trials decreased by 6.2% per year (p < 0.0001;
95% CI (4.2%; 8.1%)), which translates to a reduction
of almost 50% over 10 years. The between-study heterogeneity was very small with the negative binomial
overdispersion k being 0.0466 (95% CI (0.0105,
0.0827)). This corresponds to an extra-Poisson variation of  2 ¼ 1.0466 (1.0233) for ARR ¼ 1 (0.5), i.e. a
variance inﬂation by less than 5% by diﬀerences
between studies. In Figure 1 the ARR is plotted against
the year of publication. It is apparent that there is not
only a pronounced downward trend over the years, but
also considerable variation around this trend. This
results in substantial uncertainty in the planning of a
new trial regarding the sample size. As illustrated by
Figure 2, the required number of person-years per
treatment group strongly depends on the ARR in the
placebo group and the extra-Poisson variation, which
are both hard to predict in the planning phase of a trial.
The assumed treatment eﬀects of 25% and 40% were
used in the planning of two recently completed trials2,3
and serve as examples here. As detailed below, extraPoisson variations between 1 and 2 are not untypical
for ARR data. In all trials included in our review apart
from one small trial, placebo ARR were in the range of
0.3–1.5 which corresponds to a factor of ﬁve in sample

Figure 1. Annualized relapse rates observed in the 26 trials
identified in the literature review against the calendar year in
which the papers were published. The size of the bubble indicates
the size of the trial and is proportional to the sample size. The
solid line shows the model values of the negative binomial
regression and the dashed lines indicate 95% confidence intervals.

Figure 2. Required number of person-years per treatment
group to achieve a power of 90% at the usual significance level of
5% depends on the annualized relapse rate in the placebo control
group. The required person-years per treatment group increase
for lower treatment effects (treatment effect: 25% (rate ratio of
0.75; black lines) and 40% (rate ratio of 0.60; grey lines)), but also
with increased extra-Poisson variation (factor  2 ¼ 1 (no extra
variation; solid lines) and 2 (dashed lines)).
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size, as can be seen from Figure 2. Even for trials published within a short span of time some considerable
variation in the ARR in the placebo group remains.
For instance, the placebo ARR for the seven trials published in 2008 varied between 0.44 and 0.84 (mean (SD)
0.62 (0.15); predicted model value 0.56) corresponding
to sample size estimates that vary almost by a factor of
two.
In the 26 trials identiﬁed in the literature review, the
follow-up times were between 6 and 24 months with a
median follow-up of 9 months. Commonly, the information on clinical relapses is collected regularly during
follow-up. This means that also data from patients that
have not fully completed follow-up yet can be included
in an interim sample size review. Hence blinded sample
size reviews are feasible in RRMS trials even if the
follow-up times per patient are longer than the recruitment period. However, it should be noted that the
BSSR procedure relies on the assumption of constant
relapse rates during follow-up in this situation. If the
recruitment period is actually longer than the follow-up
period, the BSSR design becomes even more attractive
in that the sample size re-estimation does not rely that
heavily on this assumption. The utility of BSSR in
RRMS is demonstrated in panel (a) of Figure 3,
which shows the power of the BSSR procedure in comparison with the power of the standard ﬁxed sample
size design depending on the placebo ARR for scenarios motivated by the study described in Giovannoni
et al.3
In the virtual BSSR design the interim review was
carried out when 50% of the primary endpoint data
were available. In the planning of the trial reported
by Giovannoni et al.3 a treatment eﬀect of 25%, a placebo ARR of 1.14 and an extra-Poisson variation of
about 2.3 were assumed, resulting in a sample size of
430 patients per group (after adjustment for withdrawals) to achieve a power of 90% at a Bonferroni
adjusted signiﬁcance level of 2.5%. From Table 2 in
Giovannoni et al.3 we estimated the actual extraPoisson variation to be about 1.3, i.e. considerably
lower than initially assumed. The observed placebo
ARR was 0.33 (Table 2 in Giovannoni et al.3), also
substantially lower than planned. The eﬀects of these
deviations from the planning assumptions on power in
the conventional ﬁxed sample size design can be
observed in Figure 3. With the ARR decreasing from
1.14 to 0.33 the power dropped from 90% to 37%
under the assumed extra-Poisson variation. Since the
actual extra-Poisson variation was considerably lower
than assumed, some of the drop in power was compensated with a power of 61% under the observed values
for ARR and extra-Poisson variation. However, this
was still substantially below the target power of 90%.
For an ARR larger than 0.65 the drop in ARR would

have even been overcompensated by the lower than
assumed extra-Poisson variation leading to studies
with power well above 90%, i.e. unnecessarily large
studies. In contrast, the power of the BSSR design
was always close to the target value of 90% for all
values of the ARR and extra-Poisson variation. This
is achieved by allocating resources where they are
needed. This is shown in Figure 3(b), which displays
the average sample size in the BSSR design against
the placebo ARR. When the planning assumptions
are correct (placebo ARR of 1.14, extra-Poisson variation of 2.3) the average sample size is with 388 patients
per group, only slightly higher than the sample size of
the ﬁxed design (n ¼ 383 without adjustment for withdrawal). In the BSSR design, however, the sample size
is variable, which makes individual trials less predictable, for example, with regard to budget and drug
supply. When the ARR is overestimated or the extraPoisson variation was underestimated in the planning
phase, the BSSR procedure will allocate additional
patients to the study arms so that the desired power
is maintained, whereas in situations where the ARR
was underestimated or the extra-Poisson variation
was overestimated, the BSSR design can lead to savings
in sample size. Figure 3 demonstrates that the BSSR
procedure can be applied in RRMS to minimize the
risks of too small and thereby inconclusive studies on
the one hand, and unnecessary large studies on the
other hand.

Discussion
The advent of therapies in MS has revolutionized its
management, but have yet to impact on long-term outcomes.17 As a result, current FDA and EMA regulations continue to support the use of placebo in RRMS
trials of MS therapies.18 However, the development of
new therapies based on a placebo approach has become
increasingly diﬃcult, as patients have access to an
increasingly diverse range of treatments. Although trialists have used a number of strategies to maintain
recruitment into placebo studies, such as inequality of
access to treatment in diﬀerent healthcare systems and
countries around the world, here we have demonstrated
a prominent downward trend in ARR, the outcome of
interest to regulators, with time in the placebo group.
After adjusting for year of publication, no substantial
between-study heterogeneity in ARR was observed.
This is consistent with ﬁndings by Inusah et al.,1 who
did not identify any further predictors apart from possibly mean age at baseline when adjusting for year of
publication. Although diﬀerent search criteria (search
date: April 2010 vs. November 2008 in Inusah et al.;1
magnetic resonance imaging (MRI) data required vs.
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Figure 3. Power (a) and mean sample size (b) per group of the blinded sample size reestimation (BSSR) procedure (black lines) in
comparison with the power of the standard fixed sample size design (grey curves in (a) and grey reference line in (b)) depending on the
placebo annualized relapse rate (ARR) for scenarios motivated by the Giovannoni et al.3 study (i.e. treatment effect of 25%, target
power 90%, extra-Poisson variation factor  2 ¼ 1.3 (solid line) and 2.3 (dotted line)). In the BSSR design the interim review was carried
out when 50% of the primary endpoint data were available.

no MRI data required in Inusah et al.1) resulted in
diﬀering numbers of included studies (26 vs. 32 in
Inusah et al.,1 17 shared) and diﬀerent statistical
models for data analysis were used in Inusah et al.1
and in the present study, the identiﬁed trends in
ARR are very similar, which provides strong support
for the ﬁndings. By narrowing the search criteria to
trials that reported MRI data the intention was to
focus on trials that used an additional eﬃcacy endpoint
(Committee for Medicinal Products for Human Use,18
Section 3.2.2), giving potentially higher quality and
reliability. Given the signiﬁcance of early relapses in
MS on MS prognosis,19 the drop in ARR makes it
unclear whether placebo groups in early studies are
comparable with placebo groups in later studies,
where the ARR can be threefold lower. As a result,
this trend makes it increasingly diﬃcult to compare
new products with established competitors both for
regulators and organizations developing evidencebased guidelines (e.g. National Institute of Health
and Clinical Excellence in the UK) and individual
clinicians.
This trend means that the sample size required in
studies must be increased to compensate for any potential lowering in the ARR that may take place during the
timeframe of the study. This adds to the expense of
investigating new potential therapies but can be predicted based on the model used here. However, a

further issue could arise with the sample size calculation
as a result of the variation in ARR around this downward trend in ARR. This variability could result in a
trial being over or under-powered if ﬁxed at the planning stage, increasing the risk of failure of the study.
Although the BSSR design can be used to achieve savings in sample size by reducing the sample size below an
initially calculated sample size if this is indicated by the
sample size review, in some situations one might prefer
to consider only potential increases of sample size, as
overall costs might not be substantially reduced by a
decrease in sample size due to ﬁxed infrastructure costs.
Other considerations inﬂuencing sample size include
the assessment of safety, where a number of patients
may be required. In these settings, the BSSR procedure
can be used as a ‘safety net’ that adds a robustness to
the trial by raising the sample size if further evidence
arises that the (conservative) planning assumptions
were incorrect.
We have demonstrated using computer simulations
that this technique can preserve power as the trial progresses. Power is maintained at the required target level
for a clinically relevant eﬀect size independent of ARR,
reducing any uncertainty in the outcome. The BSSR
technique utilizes a transparent methodology that
maintains statistical rigour and optimizes costs. It is
relatively simple, requiring one further assessment at
the midpoint of a study that can be implemented

Downloaded from msj.sagepub.com at Monash University on May 22, 2011

6

Multiple Sclerosis Journal 0(00)

without changing current recruitment strategies,
making it a feasible addition to a study.
Regulatory guidelines require that blinding and control of the type I error rate are maintained when applying adaptive designs in late phase clinical trials.4,20,21
The adaptation in the BSSR procedure is based on
blinded data only and therefore maintains the trial’s
integrity. Furthermore, it was demonstrated elsewhere
that the type I error rate is not aﬀected by the BSSR
procedure.6,7 Hence, the BSSR fulﬁls the requirements
set out by the international guidelines.
The BSSR technique does have limitations; there is
no early stopping for futility or with rejection of the
null hypothesis as in unblinded (adaptive) groupsequential designs.22 In two recent trials, the observed
treatment eﬀects were substantially larger than the
eﬀects assumed in the sample size calculations.
Giovannoni et al.3 report that a 55% reduction was
observed although 25% reduction was expected, and
Kappos et al.2 assumed a 40% reduction and actually
observed a decrease of 60%. In these situations, eﬃcacy
of the treatments might have been demonstrated with
smaller numbers of patients if a group-sequential design
had been applied. However, the implementation of a
group-sequential design is slightly more complex in
that it requires an independent Data Monitoring
Committee. Also the group-sequential design might
not be attractive if complete follow-up for each patient
is required, as recruitment time is typically shorter than
follow-up time. As any adaptive design also the BSSR
design requires careful planning including clinical but
also operational, regulatory and statistical considerations to assess beneﬁts and costs against a traditional
ﬁxed design.23
As the MS environment changes, active controlled
trials might become more common.24 Although not
considered in this paper, the statistical procedures
underlying the BSSR procedure are also applicable to
active control trials planned to demonstrate superiority
or non-inferiority.7
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