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ABSTRACT  

Adaptive randomization designs are statistical designs that are used as alternative to pure 

randomization designs in clinical trials, with the object of reducing imbalance in trials.A 

new method,to be called critical percentage method (CPM) is introduced and compared 

with the pure randomization method through a simulation experiment. The simulation 

showed that, the CPM has minimum imbalance, for all sample sizes (10, 100 and 1000). 
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INTRODUCTION  

Adaptive randomization is an allocation 

that uses all previous assignments in the 

trial to influence the allocation of the 

current experimental unit
(1,2)

. The 

adaptive allocation (adaptive 

randomization) of experimental units 

upon treatments in clinical experiment 

has become an alternative to pure random 

allocation (pure randomization (RM)) for 

several decades. Covariate adaptive 

randomization is a type of adaptive 

randomization which uses only the 

covariate variables to make units 

allocations, and it is a flexible design 

aims to reduce imbalance between 

treatments
(3-5)

. 

Each design has its advantages and 

disadvantages, so, a researcher must 

choose the appropriate design after 

evaluating the available designs from 

different angles. 

In this paper, a new method in covariate 

adaptive randomization will be suggested 

(this method would be called critical 

percentage method (CPM)). The new 

method will be compared with pure 
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randomization allocation under different 

sample sizes. 

Covariate Adaptive Randomization 

Methods 
Several methods are addressed by 

researchers in biostatistics in adaptive 

covariate randomization. All those 

methods aim to reduce imbalance 

between treatments
(6,7)

. In this section, 

three of those methods would be mention 

as well as the new method (CPM) which 

suggested by the researcher. 

Zelen’s method: 

This method has been proposed by Zelen 

to reduce imbalance between treatments 

across the number of patients
(8)

. 

Atkinson Optimal Method: 

Atkinson has mentioned what be called an 

optimal method in adaptive 

randomization. The implementation of 

this method achieves more balance of 

numbers of patients and their 

characteristics with treatment
(9)

. 

The method uses a general linear 

regression model to achieve the desired 

balance. 

Imbalance Minimization Method: 

The minimization method (MIN) has 

been widely used in clinical trials. The 

using of this method achieves minimum 

imbalance in the number of patients and 

their characteristics also, in each 

treatment
(10)

. 

Critical percentage method: 

In the critical percentage method, all 

previous data is used when assigning a 

new patient to treatments. 

It is designed to bridge the gap between 

the goal of covariate adaptive 

randomization designs and the current 

methods which are used to achieve this 

purpose. 

Adaptive randomization designs are used 

in clinical trials to avoid the imbalance in 

the number of patients and their 

characteristics which could happen in 

pure randomization. The earliest method 

of adaptive randomization worked to 

reduce the imbalance by making more 

balance in each single layer in the 

experiment, but ignored the total of 

layers. This problem is solved in MIN 

method which focuses on total 

randomization imbalance. But the 

imbalance increases in single layers in 

this method. So, the purpose of CPM is to 

make more balance in the single layers 

and in the total randomization at the same 

time. 

In the following paragraphs, assumptions 

and steps of CPM are explained for two 

treatments, and it is easy to generalize it 

for more than two treatments. 

It is assumed in CPM that, patients are 

entered to the trial sequentially. 

Suppose that there are two treatments 𝑇1 

and 𝑇2 , and 𝐶 covariate variables. The 𝑖𝑡ℎ  

covariate has 𝑙𝑖  levels, 

where 𝐶 ≥ 1 , 𝑙𝑖 ≥ 2 , 𝑖 = 1,2,3, … , 𝐶 

There are thus 𝑙1 ∗ 𝑙2 ∗ 𝑙3 ∗ … ∗ 𝑙𝑐 = 𝑆 

single layers (strata) in the trial. 

𝑆𝑡𝑒𝑝 1: 
In this step the desirable percentage 

(critical percentage) to divide each part of 

each covariate variable between 

treatments is determined. That means, if 

we choose the critical percentage equal 

50% for 𝑙𝑖𝑗 ( 𝑗
𝑡ℎ  level of 𝑖𝑡ℎ  covariate) the 

number of patients who have the 𝑗𝑡ℎ  level 

of the 𝑖𝑡ℎcovariate must be such that half 

of them in treatment 𝑇1, and the other half 

in 𝑇2 . And if we choose 60% as a critical 

percentage for 𝑙𝑖𝑗 , that means the number 

of patients who have 𝑙𝑖𝑗  in 𝑇1 or 𝑇2 is  

≤ 60% from the total patients in this 

layer. 

Let 𝜆𝑖𝑗  be the critical percentage for level 

𝑗 of covariate 𝑖. Where 0 < 𝜆𝑖𝑗 < 1.The 

value of 𝜆𝑖𝑗  would increase or decrease 

according to the importance of the 

covariate or the covariate level. And this 

flexibility in 𝜆𝑖𝑗  value is considered as an 

of advantage of CPM. 

𝑆𝑡𝑒𝑝 2: 
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The first patient in the trial would be 

assigned randomly to treatment 𝑇1 or 𝑇2 

with probability equal 
1

2
 for each. 

To assign the (𝑘 + 1)𝑠𝑡 patient,  

where 𝑘 = 1 , 2, 3 , … , 𝑛 − 1 with 𝑛 the 

number of patients in the experiment, 

Determine the covariates levels of the 

patient, let this (𝑖 = 1, … , 𝑐  ;  𝑗 =
1, … , 𝑙𝑖). This specifies the stratum to be 

𝑘𝑖𝑗  which the patient belongs. 

Letting: 

𝑛𝑘𝑖𝑗1 ≡ The number of patients in level 𝑗 

of covariate 𝑖 who are assigned to 

treatment 𝑇1 after 𝑘 assignments. 

𝑛𝑘𝑖𝑗2 ≡ The number of patients in level 𝑗 

of covariate 𝑖 who are assigned to 

treatment 𝑇2 after 𝑘 assignments. 

Compute: 

𝑝𝑖𝑗 1

=
𝑛𝑘𝑖𝑗1

𝑛𝑘𝑖𝑗1 + 𝑛𝑘𝑖𝑗2
                                          (1) 

𝑝𝑖𝑗 2

=
𝑛𝑘𝑖𝑗2

𝑛𝑘𝑖𝑗1 + 𝑛𝑘𝑖𝑗2
                                          (2) 

Compute the 𝑟𝑖  values defined as: 

𝑟1 =  
1      𝑖𝑓𝑝𝑖𝑗 1 ≤ 𝜆𝑖𝑗   , ∀𝑖𝑗

0     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
  

𝑟2 =  
1      𝑖𝑓𝑛𝑘𝑖𝑗1 < 𝑛𝑘𝑖𝑗2

0     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
  

𝑟3 =  
1      𝑖𝑓𝑝𝑖𝑗 2 > 𝜆𝑖𝑗   , ∃𝑖𝑗

0     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
  

𝑟4 =  
1      𝑖𝑓𝑝𝑖𝑗 2 ≥ 𝜆𝑖𝑗   , ∀𝑖𝑗

0     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
  

𝑟5 =  
1      𝑖𝑓𝑛𝑘𝑖𝑗1 = 𝑛𝑘𝑖𝑗2

0     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
  

𝑟6 =  
1      𝑖𝑓𝑝𝑖𝑗 1 = 𝜆𝑖𝑗   , ∀𝑖𝑗

0     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
  

𝑟7 =  
1      𝑖𝑓𝑝𝑖𝑗 1 > 𝜆𝑖𝑗   , ∃𝑖𝑗

0     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
  

𝑟8 =  
1      𝑖𝑓𝑝𝑖𝑗 2 > 𝜆𝑖𝑗   , ∃𝑖𝑗

0     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
  

Patient number (𝑘 + 1) will then be 

assigned to treatment 𝑇1 with probability 

𝑝𝑘+1,1 where: 
𝑝𝑘+1,1

=  

1 𝑖𝑓𝑟1 = 1 𝑜𝑟 (𝑟2 = 1 𝑎𝑛𝑑 (𝑟3 = 1 𝑜𝑟𝑟4 = 1))
1

2
𝑖𝑓𝑟5 = 1 𝑎𝑛𝑑 (𝑟6 = 1 𝑜𝑟 (𝑟7 = 1 𝑎𝑛𝑑𝑟8 = 1))

0     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

   (3)  

THE SIMULATION WORK  
A simulation experiment was conducted 

to examine the performance of CPM 

relative to that ofRM. The simulation 

assumed that, there are two 

treatments(𝑇1&𝑇2)and three covariate 

variables, the first one has two levels, the 

second has three levels and the third has 

two levels. The simulation was performed 

by STATA12 software, and at three 

sample sizes, 10, 100 and 1000. The 

simulation was repeated 1000 times for 

each sample size. 

Patients are assigned to (𝑇1&𝑇2)with 

critical percentage 50% for CPM, and 

randomly for RM. For each Method, 

imbalance between treatments is 

computed as absolute difference in 

number of patients between two 

treatments, in each case. 

RESULTS 

From Table (1) and Figures (1, 2 and(3) it 

is clear that: 

CPM has minimum imbalance compared 

with RM when sample size is 10. 

CPM has minimum imbalance compared 

with RM and the gap between the two 

figures is huge when sample size is 100. 

CPM has minimum imbalance compared 

with RM and the gap between the two 

figures is very huge when sample size is 

1000. 
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Table 1: the percentage of imbalance for CPM and RM. 

Imbalance 
Sample Size 10 Sample Size 100 Sample Size 1000 

CPM RM CPM RM CPM RM 

0 72.8 23.2 62.9 7.2 61.2 2.2 

2 27.2 43.5 35.7 16.2 36.7 6.1 

4 0.0 23.5 1.4 16.7 2.1 4.4 

6 0.0 8.8 0.0 12.7 61.2 5.8 

8 0.0 0.8 0.0 10.2 0 5.1 

10 0.0 0.2 0.0 10.7 0 4.0 

12 0.0 0.0 0.0 7.5 0 5.2 

14 0.0 0.0 0.0 6.6 0 4.1 

16 0.0 0.0 0.0 3.6 0 4.6 

18 0.0 0.0 0.0 2.8 0 4.1 

20 0.0 0.0 0.0 1.3 0 3.3 

22 0.0 0.0 0.0 1.8 0 4.5 

24 0.0 0.0 0.0 2.7 0 4.0 

26 to 60 0.0 0.0 0.0 0.0 0 42.6 

In Table (1), the first column display the 

amount of imbalance (the absolute 

difference between number of patients 

who are assigned to (𝑇1&𝑇2)). The other 

columns display the percent of imbalance 

for each method. 

 

 

 
Figure  1 : cumulative percent of imbalance when sample size is 10 
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Figure 2: Cumulative percent of imbalance when sample size is 100 

 

 
Figure 3: Cumulative percent of imbalance when sample size is 1000 

 

CONCLUSION 

From above results, we can conclude that, 

CPM has minimum imbalance compared 

with RM at all sample sizes. The 

difference in imbalance between CPM 

and RMexpandsby sample size increase. 

 

 

RECOMMENDATION  
Researchers in clinical trials are 

recommended to use CPM method 

instead of RM methods in when balance 

between treatments is important. And 

biostatisticians are recommended to carry 

out more researches to investigate the 

performance of CPM. 
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