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Abstract

The selection of a trial design is an important issue in the planning of clinical trials. One of the most important
considerations in trial design is the method of treatment allocation and appropriate analysis plan corresponding to
the design.

In this article, we conducted computer simulations using the actual data from 2158 rectal cancer patients
enrolled in the surgery-alone group from seven randomized controlled trials in Japan to compare the performance
of allocation methods, simple randomization, stratified randomization and minimization in relatively small-scale
trials (total number of two groups are 50, 100, 150 or 200 patients). The degree of imbalance in prognostic factors
between groups was evaluated by changing the allocation probability of minimization from 1.00 to 0.70 by 0.05.

The simutation demonstrated that minimization provides the best performance to ensure balance in the number
of patients between groups and prognostic factors. Moreover, to achieve the 1 percentile for the p-value of chi-
square test around 0.50 with respect to balance in prognostic factors, the allocation probability of minimization was
required to be set to 0.95 for 50, 0.80 for 100, 0.75 for 150 and 0.70 for 200 patients. When the sample size was
larger, sufficient balance could be achieved even if reducing allocation probability. The simulation using actual
data demonstrated that unadjusted tests for the allocation factors resulted in conservative type I errors when
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dynamic allocation, such as minimization, was used. In contrast, adjusted tests for allocation factors as covariates
improved type I errors closer to the nominal significance level and they provided slightly higher power. In
conclusion, both the statistical and clinical validity of minimization was demonstrated in our study.

© 2004 Elsevier Inc. All rights reserved.
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1. Introduction

To conduct clinical trials ethically and scientifically, various issues must be considered at the time of
protocol planning. Above all, one of the most important elements of the design is that the methods of
treatment allocation and allocation factors should be utilized as covariates in the analysis plan.

In clinical trials, random allocation is usually conducted to compare the efficacy and safety between
(or among) treatment groups. Random allocation has three important implications, namely, “elimination
of selection bias between groups”, “assurance of blinding” and “justification of randomization based
tests™. To achieve these goals, various allocation methods are currently applied. In circumstances when
important prognostic factors exist, stratified randomization and minimization are the methods of choice
to achieve balance in these factors between treatment groups [1]. Such allocation methods are very
important to ensure balance in important prognostic factors for smaller scale trials or at the time of
interim data monitoring for larger trials. Thus, during the planning stages in clinical trials, when deciding
on allocation methods, it is useful to consider the following questions: Are there important prognostic
factors? How many important prognostic factors? How large is the sample size of the trial? What type of
allocation method was used in similar trials?

Minimization {2,3] can be classified as a dynamic allocation method as the allocation depends on
prognostic factors of patients already recruited. Important prognostic factors are identified before the trial
starts, and the assignment of a new patient to a treatment group is determined to minimize the differences
between the groups in terms of these factors. Minimization differs from stratified randomization from the
- viewpoint of minimizing the total imbalance of all factors together instead of considering balance in each
stratum. '

Stratified randomization and minimization are allocation methods that aggressively achieve balance in
the important prognostic factors between treatment groups, but these allocation methods have
disadvantages. Stratified randomization has restrictions in the number of prognostic factors, while
balance in the joint distribution is expected to be achieved among any combinations of levels of the
selected factors. Minimization has few restrictions in the number of prognostic factors. However, this
method ensures balance in marginal distributions and, thus, does not ensure balance among the
combinations of the levels of factors. In addition, deterministic allocation is not desirable from the
standpoint of predictability and principle of randomness [43; therefore, the selection of appropriate
allocation probability should be considered. To deal with these problems, allocation probabilities set to
3/4 or 2/3 have been recommended [5,6]. Other special features and potential problems with these
allocation methods have been discussed in the comprehensive reviews [7,8].

Recently, the Committee for Proprietary Medicinal Products (CPMP) of the European Agency for the
Evaluation of Medicinal Products (EMEA) has issued “Points to consider on adjustment for baseline
covariates”, which states “even if deterministic schemes are avoided, such methods remain highly
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controversial and strongly advised to avoid such methods, and if they are used, the reasons should be
justified on solid clinical and statistical grounds™. It also noted that “dynamic allocation is strongly
discouraged, and if used it is imperative that all factors used in the allocation scheme be included as
covariates in the analysis” [9]. This indicates widespread concemns regarding the use of dynamic
allocation, while at the same time, indicating the requirement of statistical and clinical rationale of
minimization, if it is used.

We evaluated performance of minimization, focusing on relatively small-scale cancer clinical trials
(two-arm comparative trials), as an example, by computer simulation. In the simulations, the balance in
prognostic factors, type I error and power of statistical tests of several allocation methods were evaluated.

2. Data sources

As a hypothetical population, the data of 2158 patients with rectal cancer in the surgery-alone group
who had been enrolled in seven randomized colorectal cancer trials conducted in Japan was selected.

The following six variables, sex, age, Dukes classification, histological depth of tumor tnvasion,
lymph node metastasis and histological stage, were important prognostic factors for rectal cancer.
Histological depth of tumor invasion and lymph node metastasis were based on criteria specified in
“General Rules for Clinical and Pathological Studies on Cancer of Colon, Rectum and Anus” [10]. On
the other hand, Dukes classification and histological stage were reclassified by combining the two
factors, histological depth of tumor invasion and lymph node metastasis [10, 1 1]. Therefore, independent
prognostic factors essentially consisted of four factors: sex, age, histological depth of tumor invasion and
lymph node metastasis. Table 1 shows the distribution of these prognostic factors in 2158 patients.

The rate of overall survival at 5 years was 64.9% in all 2158 patients [672 patients (31.1%) died and
85 patients (3.9%) were censored in follow-up period].

The degree of association between these prognostic factors and the endpoint (overall survival) was
evaluated by Cox regression. Table 2 shows the result of Cox regression.

Table 1

Distribution of prognostic factors in 2158 patients

Prognostic factors Number of patients (n=2158)

Sex Male 1304
Female 854

Age =49 376
50-59 687
60-69 ’ 783
270 312

Histological depth of tumnor invasion <pm 556
ss/al 758
=sfa2 844

Lymph node metastasis n{-) 1242
nl () 528
2n2 (+) 388

Histological depth of tumor: <pm: m, sm and pm; >s/a2: /a2 and si/ai. Lymph node metastasis: >n2 (+): n2 (), n3 (+)
and nd (+).
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