
he two principles underpinning the
design, execution, and analysis of

comparative clinical trials are minimiza-
tion of bias and maximization of the preci-
sion in estimating treatment effect. Ran-
domization, in conjunction with blinding
where possible, is a fundamental tool used
in meeting the first of these objectives.1
Simple (unrestricted) randomization pre-
vents any conscious or unconscious selec-
tion bias by allocating sub-
jects to treatment groups
entirely at random. In the
long run it achieves balance
of all known and unknown
prognostic factors, and there-
fore the results of randomized trials are
always “valid” in the sense that they can-
not be biased in any systematic way, for or
against, regarding the treatments under
comparison.2

In a single trial, however, chance may
lead to imbalances with respect to impor-
tant prognostic factors, which may in turn
cause “accidental” bias.3 Clinical trials
with substantial imbalances come under
criticism, even when these imbalances are
due to chance alone4, 5 or to randomization
methods that poorly control for balance.6, 7

Imbalances in baseline subject character-
istics are often blamed when trials fail to
show the expected results.8

For these reasons, trialists have sought

T to use methods that, in contrast to ran-
domization, ensure balance (to some
extent) with respect to prespecified sub-
ject characteristics. This policy has been
endorsed by the International Conference
on Harmonization (ICH) guideline on sta-
tistical principles in clinical trials: “Stratifi-
cation by important prognostic factors
measured at baseline (e.g., severity of dis-
ease, age, sex, etc.) may sometimes be

valuable in order to promote
balanced allocation within
strata; this has greater poten-
tial benefit in small trials.”9

The two methods that are
most commonly used to bal-

ance for prognostic factors are randomly
permuted blocks within strata and mini-
mization.10,11 These methods are best
explained through a simple example. Sup-
pose a randomized trial is carried out to
compare two treatment groups, “A” and
“B,” and balance is sought with respect to
the disease stage (early versus advanced
disease) and the subjects’ gender. Sup-
pose, further, that the trial has already
entered some subjects and the next sub-
ject to be randomized is a female with
early disease. Permuted blocks within
strata can be implemented as follows
(truncated binomial design2):
• count the number of female subjects

with early disease already allocated to A
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and B: let these numbers be NA and
NB, respectively

• let IA and IB be the integer part of the
division of NA and NB by b/2 where b
is the block size (e.g., if b = 4 and NA =
9, IA = 4)

•  if IA > IB, allocate B; if IA < IB, allocate
A; otherwise, allocate A or B at random.
Minimization can be implemented as

follows (for example):
•  count the number of subjects with early

disease (regardless of gender) already
allocated to A and to B: let these num-
bers be EA and EB, respectively

• count the number of female subjects
(regardless of disease stage) already
allocated to A and to B: let these num-
bers be FA and FB, respectively

• if EA + FA > EB + FB, allocate B; 
if EA + FA < EB + FB, allocate A; 
otherwise, allocate A or B at random.
As can be seen from this simple but

realistic example, the method of randomly
permuted blocks forces balance within
strata formed by the cross-classification of
factor levels, and as a result its balancing
properties break down as the number of
strata becomes large relative to the size of
the trial. The method of minimization con-
siders the individual factor levels sepa-
rately from each other and can therefore
cope with more factors than permuted
blocks within strata, making it a more
effective method of achieving balance
across a large number of factors. There is
no other conceptual difference between
the two methods, even though randomly
permuted blocks within strata are some-
times characterized as being a “static”
method (because lists of permuted blocks
can be generated ahead of time if desired)
while minimization is called a “dynamic”
method (because it depends on the order
in which subjects with different character-
istics enter the trial).

Both methods have been used exten-
sively by academic institutions, coopera-
tive groups, and the pharmaceutical
industry.12-14 Yet, in a surprising departure
from usually thoughtful and balanced
positions, a recent guideline of the Euro-
pean Committee for Proprietary Medici-
nal Products (CPMP) claims that dynamic
methods such as minimization “remain
highly controversial” and are “strongly
discouraged,” though they express no
similar concern for static methods such as

randomly permuted blocks within strata.15

Unscientific viewpoint
In our view, the CPMP’s position is unfair,
unfounded, and unwise. It is unfair,
because it ignores recent methodological
literature that encourages wider use of
minimization and does not cite any refer-
ences supporting its own views.16,17 At
least some of the CPMP’s concern relates
to the appropriate analysis following the
use of dynamic allocation: Can the con-
ventional asymptotic tests be used, or
should “rerandomization” tests be used to
reflect the order in which patients with dif-
ferent characteristics entered the trial? 

Although there is some theoretical jus-
tification for the latter, by no stretch of the
imagination can this have any meaningful
impact on the results of a trial. The limited
empirical work available in this respect
shows the appropriateness of conven-
tional analyses even in the presence of

time trends, a situation in which conven-
tional analyses would be questioned the
most.18

Another concern with minimization is
that this method could conceivably create
imbalances with respect to unknown prog-
nostic factors. A recent article has shown
this presumption to be without merit, the
balance on unknown covariates following
dynamic randomization being at least as
good, on average, as that obtained with
simple randomization.19

Neither of these concerns was seen as
an impediment to the use of minimization
following two recent reviews in highly
respected, peer-reviewed journals.11,16

The CONSORT (Consolidated Standards
of Reporting Trials) statement, which has
been endorsed by leading medical jour-
nals, states that “Minimization is an
acceptable alternative to random assign-
ment” without any reservations.20 To the

best of our knowledge, no study using
minimization has ever reported the use of
a rerandomization test in the medical liter-
ature. An article in a leading medical jour-
nal described minimization as the plat-
inum standard for clinical trials without
drawing any adverse response.21

The CPMP’s position is unfounded
because it endorses static balancing
methods and rejects dynamic methods,
when in fact there is no essential differ-
ence between the two, as illustrated in the
previous example. The use of conven-
tional analyses that ignore subject order-
ing does not have an underlying theoreti-
cal justification for either method. Both
methods induce constraints on the ran-
domization, and the constraints of per-
muted blocks are often far more stringent
than those of minimization. For instance,
when a block size of four is used to allo-
cate two treatments, one-third of all treat-
ment allocations are deterministic. Deter-

ministic treatment allocations are
undesirable, at least in open-label trials,
because foreknowledge of these treat-
ment allocations may cause selection
bias.22 Some implementations of mini-
mization may also lead to deterministic
treatment allocations, but most do not
because they employ a random element
as suggested by the CONSORT state-
ment20 and by the ICH Guideline.9

Avoiding accidental bias
The CPMP’s position is unwise, because it
favors use of randomization methods that
expose trialists and the medical commu-
nity to the risk of accidental bias, when
this risk could have been limited through
use of balancing methods that are espe-
cially valuable when the trials are small or
cannot easily be repeated. If there were
any controversy over the use of minimiza-
tion, it would be expected of an indepen-
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dent agency to weigh all scientific argu-
ments, for and against minimization,
before castigating the use of a method
that has long been adopted in the clinical
community.11-14

Clinical investigators who plan trials for
European registration will now be faced
with two conflicting regulatory guide-
lines.9,15 If they consider avoidance of acci-
dental bias a goal worth pursuing, they
will find the CPMP’s latest guideline to be
seriously out of balance.
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