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Summary

Background: In the planning of clinical trials
with count outcomes such as the number of
exacerbations in chronic obstructive pulmo-
nary disease (COPD) often considerable uncer-
tainty exists with regard to the overall event
rate and the level of overdispersion which are
both crucial for sample size calculations.
Objectives: To develop a sample size reesti-
mation strategy that maintains the blinding of
the trial, controls the type | error rate and is ro-
bust against misspecification of the nuisance
parameters in the planning phase in that the
actual power is close to the target.
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1. Introduction

In trials with event counts as primary out-
comes the sample sizes depend on the over-
all event rate and the level of overdispersion
found in such data. Specification of theses
quantities for the purpose of sample size
calculation in the planning phase of a trial
is often difficult since only limited infor-
mation is available from previous studies
or trial characteristics such as the study
population or the definition of events vary
from trial to trial. As a result the sample size
calculation is subject to some uncertainty
that can lead to inappropriately sized trials.
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Methods: The operation characteristics of
the developed sample size reestimation pro-
cedure are investigated in a Monte Carlo
simulation study.

Results: Estimators of the overall event rate
and the overdispersion parameter that do not
require unblinding can be used to effectively
adjust the sample size without inflating the
type | error rate while providing power values
close to the target.

Conclusions: If only little information is avail-
able regarding the size of the overall event
rate and the overdispersion parameter in the
design phase of a trial, we recommend the use
of a design with sample size reestimation as
the one suggested here. Trials in COPD are ex-
pected to benefit from the proposed sample
size reestimation strategy.
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Designs with so-called internal pilot study
aim to minimize this uncertainty by reesti-
mating the required sample size based on
interim estimates of the nuisance parame-
ters (e.g. overall event rate, level of overdis-
persion) [1]. Such designs with blinded
sample size reestimation (BSSR) have been
proposed for a variety of situations includ-
ing various types of endpoints (e.g. con-
tinuous, binary) and objectives (superi-
ority, non-inferiority). We refer to recent
reviews on this subject for an overview of
the relevant literature [2, 3].

Very recently Cook et al. [4] and Friede
and Schmidli [5] proposed blinded sample

size reestimation procedures for overdis-
persed count data. Whereas Cook et al. sug-
gested procedures based on a likelihood ap-
proach assuming negative binomial counts
and utilizing EM algorithms, Friede and
Schmidli developed a procedure for Pois-
son counts which they extended to overdis-
persed counts by applying quasi-likelihood
ideas ([6], Section 6.2.3). The procedure by
Friede and Schmidli is computationally
much less demanding than the EM algo-
rithms suggested by Cook et al., but does
not utilize all information under sampling
from negative binomial distributions. Here
we develop a likelihood approach for
blinded sample size reestimation for nega-
tive binomial distributed counts while
maintaining the simplicity of the pre-
viously proposed quasi-likelihood pro-
cedure. Furthermore, we extent the pro-
cedures to non-inferiority trials which have
not been considered for count data.

The paper is organized as follows. In
Section 2 we describe trials in chronic ob-
structive pulmonary disease (COPD) that
motivated the investigations reported here.
Previously proposed models, analyses and
sample size calculation are briefly reviewed
in Section 3 before a procedure for blinded
sample size reestimation is proposed and
its characteristics are explored by means of
asimulation study in Section 4. In Section 5
the approach is extended to non-inferiority
trials and properties of the procedure are
investigated in a simulation study. We close
by summarizing the conclusions.

2. Clinical Trials with
Exacerbation Endpoints
in COPD

Chronic obstructive pulmonary disease is a
lung disease that affects about 210 million
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people worldwide [7]. COPD exacerba-
tions can be life-threatening, and hence
drugs that prevent exacerbations will pro-
vide meaningful benefit to patients. In
clinical trials that aim to show prevention
of exacerbations, the primary efficacy end-
point will usually be the exacerbation rate,
and the duration of the studies will be at
least one year [8]. In such clinical trials, the
number of exacerbations and the follow-up
time is recorded for each patient. Due to the
heterogeneity of patients, the number of
exacerbations cannot be assumed to follow
a Poisson distribution, and overdispersion
has to be taken into account for valid statis-
tical inference [9, 10].

The negative binomial distribution is
often used to model overdispersed count
data, and appears to describe COPD ex-
acerbation counts appropriately [11]. A
detailed statistical analysis of exacerbation
counts in a large randomized clinical trial
was provided by [12]. Using a negative bi-
nomial model, the exacerbation rates were
estimated as 1.71 events per year (N = 361)
in placebo, and 1.16 events per year (N =
356) in the combination treatment arm.
The exacerbation rate ratio (combination/
placebo) was estimated as 0.68 with a 95%
confidence interval of 0.57 to 0.83. The
shape parameter of the negative binomial
distribution was estimated as ¢ = 0.46. This
corresponds to an overdispersion (vari-
ance/mean) of 1.8 and 1.5 for the placebo
and combination treatment group, respec-
tively.

Sample size calculations for clinical
trials with overdispersed count data require
specification of two nuisance parameters:
the event rate in the control group, and the
overdispersion parameter. Incorrect as-
sumptions on the nuisance parameters can
lead to under- or over-powered studies.
This is illustrated by two recent examples of
randomized two-group superiority trials
in COPD patients, both with a treatment
duration of 12 months. In a trial with 782
COPD patients [13], the primary endpoint
was the exacerbation rate, and a negative
binomial model was used for the primary
analysis. For sample size calculations, event
rates in the control group were assumed to
be 1.9 events per year, and overdispersion
(variance/mean) was assumed to be 1.5.
However, the observed event rate in the
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trial was only 1.5 events per year (no infor-
mation on the actual overdispersion was
provided). In another randomized clinical
trial in 797 COPD patients [14] with a very
similar study design and analysis, the event
rate in the control group was assumed to be
1.9 events, while the observed event rate at
the end of the trial was 1.6 events per year
(no details on overdispersion provided).
Recruitment duration in the two studies
was 13 and 18 months, respectively.

As treatments for the prevention of
COPD exacerbations are approved, an ac-
tive comparator rather than placebo may
be used as a control group, with the aim to
show non-inferiority. Such trial designs in
COPD are possible, when a well-defined,
reproducible treatment effect for the estab-
lished comparator is available [8]. One im-
portant design aspect in such trials is the
choice of the non-inferiority margin. De-

fining a non-inferiority margin is complex,
involving both medical and statistical is-
sues. For illustrative purposes below, we
will consider a non-inferiority margin of
15%. This may possibly be an adequate
choice when the combination treatment
discussed in [12] is chosen as the active
control: the observed reduction compared
to placebo was 32%, i.e. more than double
the non-inferiority margin, and also the
upper 95% confidence limit was 18%, i.e.
larger than the non-inferiority margin.

3. Statistical Model,
Analysis and Sample Size
Calculation

We consider a clinical trial in COPD pa-
tients where patients are randomly allo-
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Fig. 1

Type | error rate of the blinded sample size reestimation design (BSSR) against the type I error

rates of the fixed sample size designs for a total of 36 scenarios (see text for details). The dashed refer-
ence lines indicate the area within two simulation standard errors from ¢« = 0.025.
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Fig. 2 Power in blinded sample size reestimation design (solid lines) depending on the shape
parameter for overall eventrates A =1 (A), A = 1.5 (@), and A = 2 (OJ). For comparison the power in
the fixed sample size design (dashed lines) with sample sizes per group of 147 (196) and 370 (496) for
6 =0.7 and 6 = 0.8 and target power 1 — 3 = 0.80 (0.90) respectively are also shown.

cated to a treatment and a control group,
with an allocation ratio of k:1. For each pa-
tient 7, the number of exacerbations y; and
the follow-up time ¢; is available at the end
of the trial. It is assumed that y; is an obser-
vation from a negative binomial distribu-
tion with event rate per time unit A, (treat-
ment) or A, (control), respectively, and
common positive shape parameter ¢. The
mean (expected value) of the number of
exacerbations for patient i is then given by
Py = 1 Ay and its variance is given by
Py (1 + @ pi ), where m(i) = 1 if patient
i was allocated to the treatment group, and
m(i) = 0 otherwise. The overdispersion de-
fined as the ratio of variance to mean is
given by (1 + ¢ y,,(;), and approaches 1 as
the shape parameter ¢ approaches 0, cor-
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responding to the Poisson distribution.
The maximum likelihood (ML) estimates
of the unknown parameters (4,, 4, ) can
be obtained by an iterative algorithm
(Newton-Raphson), using standard gen-
eralized linear model software with a log-
arithmic link function, and the logarithm
of the follow-up time as an offset variable
([15], chapter 5).

Denoting the rate ratio by 8 = A,/A,,
interest is in testing the null hypothesis
Hy: 6 = 1 against the one-sided alterna-
tive H;: 6 <1. A testing procedure (Wald
test) at one-sided significance level o is ob-
tained by first deriving the one-sided upper
(1- o) Wald confidence limit U for the rate
ratio 6 from the ML estimates, based on the
asymptotic normal distribution of the

logarithm of the rate estimates. If U is less
than 1, then the null hypothesis is rejected.

For the balanced case (k= 1), Keene et al.
[12] provided an approximate formula to
determine the required sample size to
achieve a power of 1 — 3 for a given alter-
native rate ratio 6*. For the unbalanced
case, the required sample size in the control
group is given by:

n =
{2yt o)log8%)F x W
{(/10 + k/'Ll*)/(k/'Lo;L]*) +@(1+1/k)}

where z, denotes the y quantile of the
standard normal distribution, and A,* =
Ag 0*. The sample size formula is based on
a normal approximation of the logarithm
of the rate estimates, and use of the delta
method. It is assumed that all patients have
the same follow-up time ¢; = 1.

4. Blinded Sample Size
Reestimation

The sample size formula depends on two
nuisance parameters: the event rate in the
control group A, and the shape parameter ¢.
When planning the sample size of a clinical
trial, the values of these parameters have to
be specified, which may be difficult as seen in
two recent large COPD trials [13, 14]. The
sample size formula (1) can be rewritten as a
function of the overall event rate A and the
shape parameter ¢ as follows:

1’10 =
{(z1_p+ 21 _0)/log(0)}* X (2)
{I/AX(1+k0*)HO*k(1+k)+ @(1+1/k)}

This can be derived by noting that A =
(A9 + kAy)/(k + 1), and, for an assumed
alternative rate ratio 6%, that A, = A(1 + k)/
(1+k6%) and A, = 16*(1 + k)/(1 + kB*).
Blinded sample size reestimation estimates
the nuisance parameters A and ¢ based on
blinded data from the ongoing trial, and
uses this information to adjust the sample
size. In a blinded interim review, a negative
binomial distribution is fitted to the avail-
able count data of the pooled treatment
groups, providing an estimate of the overall
event rate L = (4, + kA,)/(k+ 1), and of the
shape parameter .
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These estimates are then plugged into
the sample size formula (2) above, provid-
ing a reestimated sample size.

In a simulation study we investigated
type Lerror rate, power and sample size dis-
tribution of the blinded sample size reesti-
mation procedure over a range of scenarios
motivated by COPD trials as described in
Section 2 above. For comparison we also
computed the type I error rate and power
for the fixed sample size design. In both de-
signs an initial sample size calculation was
carried out based on assumed parameter
values. Whereas this constituted the final
sample size for the fixed design, the sample
size was adjusted in the design with blinded
sample size reestimation based on data of
half of the initially calculated sample size.
All 72 combinations of the following pa-
rameter values were considered: assumed
overall event rate A* = 1.5; true overall
event rate A =1, 1.5, 2; assumed shape pa-

Table 1

rameter @ = 0.5; shape parameter ¢ = 0.4,
0.5, 0.6; assumed rate ratio 0% = 0.7, 0.8;
true rate ratio & = 0* (under the alter-
native) or 6 = 1 (under the null hypoth-
esis). Furthermore, the designs were bal-
anced, i.e. k = 1, and the significance level
and target power were the usual o = 0.025
(one-sided) and 1 - 8 = 0.80, 0.90, respec-
tively. The fixed design sample sizes are 147
(196) and 370 (496) patients per group and
the sample sizes per group of the internal
pilot study are 74 (98) and 185 (248) for rate
ratio = 0.7 and 0.8, respectively, and for 1 -
B =10.80 (0.90). For each scenario under the
alternative 10,000 trials were simulated
whereas 20,000 trials were simulated for
each scenario under the null hypothesis. The
simulation standard errors are therefore
0.001 and 0.004 (0.003) assuming probabil-
ities 0.025 and 0.80 (0.90) under the null
hypothesis and alternative, respectively.

> Figure 1 shows the type I error rates of
the blinded sample size reestimation pro-
cedure against the type I error rates of the
fixed sample size design for the 36 scenarios
considered under the null hypothesis. The
type I error rates of the fixed design are
within two simulation standard errors of
0 =0.025 for all but three scenarios and the
type L error rates of the BSSR procedure are
within these margins for all but two scena-
rios. The type I error rates for the fixed and
the BSSR design are scattered around the
diagonal indicating no inflation of the
type I error rate due to the interim sample
size adjustment.

The simulated power values are dis-
played in B Figure 2. Whereas the power of
the sample size reestimation procedure is
close to the target of 80% or 90% indepen-
dent of the overall event rate and the shape
parameter (level of overdispersion), the
power of the fixed sample size design is only

Power and distribution of the sample size in the design with blinded sample size reestimation depending on the rate ratio 8, shape parameter ¢,

overall event rate A and target power 1 — 3. The sample size distribution is summarized by mean, standard deviation (SD) and 95% percentile (95% P.). For
comparison the sample sizes n, required in a fixed design are given.

Scenario 1-$=0.80 1-$=0.90
Power  Sample size distribution Power  Sample size distribution
’] [0} A ny Mean SD 95%P. n, Mean SD 95% P.
0.7 0.4 1 177 0.805 1823 27.3 230.0 237 0.903 244.2 31.6 299.0
1.5 134 0.809 139.2 193 173.0 180 0.905 186.5 22.5 226.0
2 113 0.805 117.5 15.6 145.0 151 0.908 157.7 18.4 190.0
0.5 1 189 0.805 195.0 29.6 247.0 253 0.904 260.9 34.0 321.0
1.5 147 0.808 151.8 21.3 189.0 196 0.906 203.2 24.7 246.0
2 125 0.806 130.0 17.5 160.0 168 0.908 1743 20.3 210.0
0.6 1 201 0.804 207.5 31.2 262.0 270 0.900 277.8 35.9 341.0
1.5 159 0.801 164.0 23.0 204.0 213 0.904 220.1 26.8 267.0
2 138 0.804 142.5 19.2 176.0 184 0.904 191.1 221 230.0
0.8 0.4 1 445 0.813 450.5 41.9 522.0 596 0.901 603.8 48.8 687.0
1.5 339 0.810 343.7 30.1 395.0 454 0.902 460.8 34.9 520.0
2 286 0.800 290.1 24.5 331.0 382 0.906 388.8 28.4 437.0
0.5 1 477 0.811 482.6 45.5 560.0 638 0.902 646.6 52.7 737.0
1.5 370 0.808 375.4 332 432.0 496 0.903 503.1 384 569.0
2 317 0.807 321.9 27.4 368.0 425 0.904 4313 31.8 486.0
0.6 1 508 0.809 514.1 48.7 597.0 681 0.905 689.0 56.3 785.0
1.5 402 0.810 406.7 36.1 470.0 538 0.907 545.6 41.8 617.0
2 349 0.805 353.3 30.0 404.0 467 0.901 473.8 35.1 534.5
© Schattauer 2010 Methods Inf Med 6/2010
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Table 2 Type | error rates and sample size distributions under the null hypothesis in non-inferiority
trials with blinded sample size reestimation depending on the shape parameter @, the overall event rate
2 and the noninferiority margin 8. The sample size distribution is summarized by mean, standard devi-
ation (SD) and 95% percentile (95% P.). For comparison the sample sizes n, required in a fixed design

are given.

Scenario

Type | error rate

Sample size distribution

o [0) A n, Mean SD 95% P.
1.15 0.4 1 1125 0.0253 1130.6 66.9 1244
1.5 857 0.0255 862.0 48.5 944
2 723 0.0269 728.0 39.3 794
0.5 1 1205 0.0227 1211.2 71.9 1334
1.5 938 0.0241 942.6 52.8 1033
2 804 0.0243 808.4 43.7 882
0.6 1 1286 0.0235 1291.4 77.9 1423.5
1.5 1018 0.0259 1023.3 57.9 1122
2 884 0.0259 888.8 48.4 970
1.2 0.4 1 661 0.0259 666.9 51.1 754
1.5 504 0.0273 508.9 36.8 572
2 425 0.0257 429.7 29.9 480.5
0.5 1 708 0.0246 7143 55.3 810
1.5 551 0.0259 556.2 40.3 625
2 472 0.0260 477.0 335 534
0.6 1 756 0.0236 762.0 59.2 862
1.5 598 0.0248 603.8 44.0 678
2 519 0.0260 524.4 36.8 587

close to the target if the assumed values of
the nuisance parameters are close to the
true values. Otherwise the power of the
fixed designs deviates at times substantially
from the target with some power values
being as low as 68% (79%) for a target of
80% (90%). The corresponding sample size
distributions are summarized in »Table 1.
The average sample sizes are about five pa-
tients higher than the sample sizes per
group required in fixed sample size designs
based on formula (1) if the true parameter
values were known in planning phase.
Hence, even compared with the unrealistic
situation where the true nuisance parame-
ter values are known, there is only a very
small price to pay for the robustness
achieved by the BSSR design. The differ-
ence of five patients per group is similar to
findings reported in [16] considering nor-
mally distributed data where it could be
shown that the excess in total sample size is

Methods Inf Med 6/2010

about (z,_g+ 2z, _,)?/2 when the true treat-
ment effect is equal to the effect assumed in
the sample size calculation. For binomial
data an inequality for the deviation of the
expected sample size from the sample size
required in fixed designs could be specified
[17]. Derivations of this kind would be far
more complex for negative binomial data
where no explicit formulae for the MLE
exist. Therefore we rely here on simulations
only.

For illustration, we consider how a
blinded sample size review could be imple-
mented in a COPD trial. Suppose that a
two-arm superiority trial is planned in
COPD patients, with the number of exacer-
bations observed within 12 months as the
primary endpoint. An initial total sample
size of N = 900 is chosen to provide 90%
power to detect a 20% reduction in the ex-
acerbation rate of the experimental versus
the control arm, assuming an exacerbation

rate of 2.0 in the control arm (i.e. overall
event rate of 1.8), and a shape parameter of
0.5.Ablinded sample size review is planned
shortly before the end of the recruitment,
18 months after the start of the study, based
on a recruitment rate of 50 patients per
month. At this timepoint, 12-month data
from 300 patients is available. Suppose that
an overall event rate of 1.7 and a shape pa-
rameter of 0.6 are observed in the blinded
review. Assuming these values for the nui-
sance parameters, approximately N = 1,000
patients would be required to maintain
90% power, i.e. 100 additional patients
would be recruited increasing the trial
duration by about two months.

5. Extension of the
BSSR Procedure to
Non-inferiority Trials

In a non-inferiority clinical trial in COPD
patients, the aim is to demonstrate non-
inferiority of an investigational treatment
to an established active control treatment.
Considering the same setup as for the su-
periority trials described above, one is now
interested in testing the null hypothesis
H,: 8 >0 against the one-sided alternative
H,: 0 <0, where § is the specified positive
non-inferiority margin. A Wald test can
again be used for hypothesis testing. If the
one-sided upper (1 — o) Wald confidence
limit U for the rate ratio 0 is less than &,
then the null hypothesis is rejected.

Using the same methodology as for su-
periority trials, an approximate formula for
the required sample size in the active con-
trol group to achieve a power of 1 - f3 for a
given alternative rate ratio 8* is given by:

n =
{(Ozl,ﬁ+zl,a)/log(ﬂ*/5)}2>< (3)
{UAX(1+k0*)%/0%k(1 +k)+ @(1+1/k)}

In non-inferiority trials it is very often
assumed, that the rate ratio 6* = 1, i.e.
A = Ag = A,. Then the required sample size
for the control group is simply given by:

Ny =
{(z1_p+2z1_4)/log(8)}* x (4)
(I+ k) x(1/A+0).

© Schattauer 2010
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The blinded interim review of a non-in-
feriority COPD trial is carried out in the
same way as for a superiority trial, however
using the sample size formula (3) or (4) in-
stead of (2) to reestimate the sample size.

In a simulation study we computed the
rejection probabilities and sample size dis-
tributions in the BSSR design described
above for 18 scenarios each under the null
and alternative hypothesis. The same com-
binations of true and assumed nuisance
parameter values as in Section 4 were con-
sidered, i.e. assumed overall event rate 1 * =
1.5; true overall event rate A = 1, 1.5, 2;
assumed shape parameter ¢@*= 0.5; true
shape parameter ¢ = 0.4,0.5,0.6. The non-
inferiority margin was set to § = 1.15 as
motivated in Section 2 for a specific COPD
trial and to 0 = 1.20 to study the character-
istics of the reestimation procedure with
smaller sample sizes. The treatments were
assumed to be equally efficacious (6* = 1).
The hypothesis tests were carried out at a
one-sided significance level of ¢ = 0.025
and a power of 1 — 3 = 0.80 was targeted in
abalanced design (k = 1). According to for-
mula (4) the required sample size in a fixed
sample size design for the scenario based on
the assumed parameter values (i.e. A*= 1.5
and @* = 0.5) is 938 (551) patients per
group for & = 1.15 (1.20). Blinded sample
size reviews were carried out with half of
theses patients, i.e. the sample size of the
internal pilot study was 469 (276) patients
per group for § = 1.15 (1.20).

> Table 2 gives the type I error rates and
sample size distributions under the null hy-
pothesis depending on the noninferiority
margin 6, the shape parameter ¢ and the
overall event rate A. The simulated type I
error rates are all but one within two times
their simulation standard errors from o =
0.025, i.e. the sample size reestimation dur-
ing the ongoing trial does not inflate the
type I error rate. Previously small inflations
of the type I error rate by blinded sample
size reviews had been reported for nonin-
feriority trials with normal data [18].
However, no such inflations were observed
in noninferiority trials with binary data
[19].

The expected sample sizes under the
null hypothesis are about 5 per group larger
than the required sample size in a fixed de-
sign (> Table 2) and are thereby larger than

© Schattauer 2010

the expected sample sizes under the alter-
native 6 = 1, which are about the same size
as the sample sizes required in a fixed
sample size design (»Table 3). Under the
null hypothesis, i.e. 6 = §, the shape pa-
rameter ¢ is slightly overestimated since it
is estimated from the pooled sample ig-
noring the existing treatment difference
whereas the treatments have the same event
rates under the alternative (6 = 1), in which
case pooling the data from the two groups
gives an unbiased estimate of the shape pa-
rameter. As can be seen from »>Table 3 the
simulated power values are all very close to
the target of 80%. The expected sample
sizes are close to the sample sizes required
in a fixed sample size for the considered
parameter constellations. For instance, the
mean of the simulated sample sizes for ¢ =
0.5 and A = 1.5 is 937.8 (551.4) with 938
(551) patients per group being required in
a fixed sample size design according to the

approximation formula (4) for nonin-
feriority margin 6 = 1.15 (1.20).

6. Conclusions

In this paper we developed a blinded
sample size reestimation procedure for
overdispersed count data that follow nega-
tive binomial distributions and extended
the ideas to non-inferiority trials. In simu-
lation studies we investigated the charac-
teristics of these procedures with regard to
type L error rate, power and sample size. We
found that the type I error rate is not in-
flated by the blinded reestimation pro-
cedure. Therefore these procedures satisfy
international regulatory guidelines that re-
quire that the blinding is maintained and
that the type I error rate is controlled
[20-22]. Furthermore, we could demon-
strate that the blinded sample size reesti-

Table 3 Power and sample size distribution in non-inferiority trials with blinded sample size reesti-
mation depending on the shape parameter ¢, the overall event rate A and the noninferiority margin &.
The sample size distribution is summarized by mean, standard deviation (SD) and 95% percentile
(95% P.). For comparison the sample sizes n, required in a fixed design are given.

Scenario Power  Sample size distribution
o [0) A ny Mean SD 95% P.
1.15 0.4 1 1125 0.799 11253 66.2 1239
1.5 857 0.798 857.5 47.9 939
2 723 0.805 7232 38.9 789
0.5 1 1205 0.807 1206.3 71.6 1329
1.5 938 0.798 937.8 53.1 1027
2 804 0.801 803.4 43.5 877
0.6 1 1286 0.802 1286.7 77.2 1418
1.5 1018 0.795 1018.2 57.8 1115
2 884 0.799 884.1 48.0 965
1.2 0.4 1 661 0.799 661.8 50.3 749
1.5 504 0.801 504.0 36.4 566
2 425 0.797 4249 29.6 474
0.5 1 708 0.802 709.4 55.1 804
1.5 551 0.804 551.4 39.9 620
2 472 0.802 472.4 33.0 529
0.6 1 756 0.800 757.3 58.7 857
1.5 598 0.801 598.8 43.7 674
2 519 0.799 520.1 36.3 582
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mation designs are robust against mis-
specification of nuisance parameters in the
planning phase in that their power is always
close to the target value irrespective
whether the true nuisance parameter val-
ues are close to the values assumed in
planning phase or not.

The investigations reported here were
motivated by trials in COPD. Our findings
suggest that trials in COPD can benefit
from the designs proposed here in that the
trials are more likely to be adequately sized
and therefore are more likely to be conclu-
sive if a BSSR procedure is implemented. As
COPD exacerbations are more common in
the cold season, the timing of the blinded
sample size reestimation should be chosen
such that representative data is available for
the interim review or analyses might be
adjusted for seasonality. For analyses of
covariance (ANCOVA) with normally dis-
tributed data blinded sample size reesti-
mation procedures have recently been pro-
posed and investigated in superiority and
non-inferiority trials [23, 24].

The application of the designs proposed
here is not limited to COPD, and other in-
dications such as asthma are likely to bene-
fit from such procedures, too. For example,
samples size reestimation procedures for
count data were considered in multiple
sclerosis [5] and immune thrombocyto-
penic purpura [4]. Before using the meth-
odology considered here in indications
with count data as the primary outcome,
the adequacy of the negative binomial dis-
tribution needs to be assessed. This could
be based on plausible mechanisms such as
the six situations listed in [25]. For
example, in COPD the fifth situation (indi-
vidual differences in patients, i.e. different
degrees of severity) may be the most likely
reason for the overdispersion seen. The ad-
equacy of the negative binomial distribu-
tion could also be based on an evaluation of
historical data. For example in multiple
sclerosis, the negative binomial distribu-

Methods Inf Med 6/2010

tion was found to provide the best model
among several alternatives to describe
lesion counts (see e.g. [26]).
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