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Abstract: The Randomization is a critical substance in clinical trials. Through randomization procedure 

research participants assigned to the treatment group by probability or chance. It prevents selection bias and 

insures against accidental bias. There are several procedures or types of randomization according to study 

design, objective, sample size, treatments groups, ethical considerations, etc., However, sometimes statistician 

faces the challenges because ofcomplexities in implementation. The randomization is very subjective topic and it 

is first implemented by Prof. R.A Fisher introduced this idea in a 1926 agricultural study then after there are lot 

of research and innovation techniques has been build-up. But this paper detailed only about the covariate 

adaptive randomization techniques i.e. Minimization method and Conventional approach i.e. based on Chi-

Square test statistic goodness of fit.  

 

Keywords:  RM:  Pure Randomization, CAR:  Covariate Randomization Method, CARA:  Covariate 

Response Adaptive Randomization Method 

 

Introduction: The major objective of any clinical trial is to provide an unbiased comparison of the differences 

between treatment arms. The randomization of subjects between the treatment groups is the paramount 

statistical element that allows one to claim that a study is unbiased. The paramount objective of randomization is 

to provide an unbiased comparison of the treatment groups. However, if not carefully implemented, the 

randomization procedure can be subverted, even in a double-masked study. Also, randomization procedures in 

an un-masked study are susceptible to varying degrees to subtle biases introduced by the investigators (selection 

bias) and to subtle biases introduced in any study by non-random sequential entry of subject’s overtime 

(accidental bias). Clinical trials present a unique situation in which new innovations, such as investigational 

drugs, are being tested for efficacy and safety. Until a drug is proven to be effective and adequately safe, or 

ineffective or harmful, or just ineffective, the physician is in a state of equipoise: a state of genuine uncertainty 

about which experimental therapy is more effective. Most ethicists would agree, in principle, with the concept 

that it is ethical to employ randomization in a state of true equipoise, provided the patient consents to be a study 

participant and is fully informed about the potential benefits and risks of the treatments to be compared in the 

study.As randomization schedule is depends on many things like –study objective, study design i.e. parallel / 

crossover, number of subjects i.e. sample size, number of treatments group. And Prof. R.A Fisher first 

introduced the idea of randomization in a 1926 agricultural study. Randomization gives each participant a known 

(usually equal) chance of being assigned to any of the groups. Successful randomization requires that group 

assignment cannot be predicted in advance. 
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The covariate adaptive randomization (CAR) is usually used instead of pure randomization to reduce the 

covariate imbalance between treatment groups in clinical trials. Allocation probability for the covariate adaptive 

randomization is adapted over time during the trial based on the cumulative information about baseline 

covariates and treatment assignments. The following methods are addressed by biostatisticians to reduce the 

covariate imbalance in experiments. “Sequential treatment assignment with balancing for prognostic factors in 

the controlled clinical trial” [1] is one of the famous papers that discussed (CAR). The paper by Zelen “The 

randomization and stratification of patients to clinical trial” [2] is one of the most important designs in (CAR), 

too. Wei has mentioned two designs. The first one aimed to decrease the imbalance between treatments, by 

depending on marginal urn design. The second one used “Play the Winner Rule” for achieving the desired 

balance [3]. “Atkinson Optimal Model” is a model which considered a linear regression model to obtain the 

same above advantage [4]. “Imbalance minimization method” has been addressed by Birkett [5]. 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. “Critical percentage 

method” (CPM) is the last method in CAR methods which suggested by Osman [6]. In critical percentage 

method, all previous data is used to assign 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. This paper aims to describe the CAR methods with pure randomization method (RM). 

 

This paper also discusses some other purerandomization (RM) procedure like Simple Randomization, 

Permutated Block Randomization, and Stratified Randomization.In general, simple randomization schedule is an 

easy process where whole subjects are randomized with treatment groups with equal chance. However, there is a 

chance of imbalance if we need to stop the study in early basis so for this reason generally, statisticians are not in 

favoured of simple randomization. The second option is permuted block randomization procedure. This is very 

substantial process but it can’t control other balancing factors like covariates and other significant variables 

which are accountable for efficacy of testing of drugs.Stratified randomization process is one through we can 

balance with some significant variables which are impaction the study drugs like Gender, Geographical 

Locations / centre. But again problem will arise, if we have number of covariate like age group, ethnicity, 

gender, location/centre etc., so in this case stratification will not be possible with respect to all significant 

variables. We need to choose some other statistical procedure for randomization that allows balancing with 

respect to treatment arms and serving the potential objective of the study.  

 

Anadaptive randomization refers to any scheme in which the probability of treatment assignment changes 

according to assigned treatments of patients already in the trial. i.e; allocation of patients is determined by the 

current balance of the treatment groups. There are many types of adaptive randomizations. The goal of each of 

these designs is to balance the treatment groups as much as possible by changing the way the next patient is 

assigned to a treatment group. One commonly used adaptive randomization procedures is Covariate-adaptive 

randomization. Covariate randomization designs aim to balance the covariates across the treatment groups. This 

randomization assigns the next patient to the group that causes the smallest imbalance across the covariate 

groups. 

 

Before adaptive randomization discussion, need to brief discussion about permuted block randomization 

because this is probably most popular randomization approach. In a randomized block design, study participants 

(subjects) are to be divided into subgroups called blocks. The balance based on the randomization ratio is then 

achieved within blocks. In other words, within each block, subjects are randomly assigned to treatment different 

groups. The block size must be the multiplier of the sum of the treatment ratio.  
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For example, if the treatment assignment is A: B in 1:1 ratio, the block size must be 2, 4, 6, 8, etc., If the 

treatment assignment is A:B in 2:1 ratio, the block size must be 3, 6, 9, 12, etc., If the treatment assignment is 

A:B:C in 2:2:1 ratio, the block size must be 5, 10, 15, etc., If a block size of 5 is chosen, it indicates that within 

each block (every 5 subjects), 2 should randomly assigned to A and 2 should be randomly assigned to B, and 1 

should be randomized assigned to C.If a block size of 10 is chosen, it indicates that within each block (every 10 

subjects), 4 should randomly assigned to A and 4 should be randomly assigned to B, and 2 should be 

randomized assigned to C. 

 

Random allocation can be made in blocks to keep the sizes of treatment groups similar. To do this, we must 

specify a sample size that is divisible by the block size we choose. In turn we must choose a block size that is 

divisible by the number of treatment groups we specify. 

 

if responses to the treatments have equal variability, power will be maximized under equal allocation.  If they do 

not, power will be maximized using unbalanced allocation, with more patients allocated to the more variable 

treatment. For binary response problems, variability is directly related to the treatment effectiveness, where as it 

will not be related for normal responses.Wei and Durham (1978) were perhaps the first to discuss response-

adaptive randomization in their famous randomized play-the-winner rule paper.  In this paper, we discuss the 

covariate adaptive randomization that is based on optimal allocation targets. 

 

Thegoal of covariate adaptive randomization is to achieve some ethical or statistical objectives that may not be 

possible by fixing an allocationinadvance.Thesetechniquesfallunderthebroadcategoryofadaptivedesigns 

(distinguished from response-adaptive randomization, which refers to randomized adaptive designs). Adaptive 

designs are useful in many disciplines (e.g., Flournoy and Rosenberger,1995) and have been proposed for clinical 

trials for many decades. Initial adaptive designs for clinical trials arose from considerations of optimal decision 

theory, including bandit problems, and of sequential stopping boundaries, and most of these designs were 

deterministic.  

 

Hu and Rosenberger (2006) define a covariate-adjusted response-adaptive (CARA) procedure as one for which 

randomization probabilities depend on the entire history of treatment assignments, responses, and covariates, as 

well as the current covariate vector of the patient.The goal is similar to that of response-adaptive randomization, 

with the added consideration of a patient’s individual covariate structure. By skewing the probabilities of 

assignment to the treatment performing better among patients with a similar covariate profile, each patient in 

the clinical trial may benefit. Such considerations are important in the realm of personalized medicine, as the 

probability of assignment is tailored to depend on the outcomes of an optimal allocation ratio, it will depend on 

both the unknown parameters and the values of the covariates, which are unknown in advance. Perhaps the first 

CARA design was described in Rosenberger, Vidyashankar, and Agarwal (2001) using a treatment effect 

mapping. They investigated the covariate-adjusted odds ratio of the treatments using a logistic regression model, 

adjusted for covariates and covariate-by-treatment interactions. Zhang et al. (2007) extend this idea to a very 

general framework that includes all generalized linear models. 

 

As per the CARA, the randomization procedure is defined as Ω� =   �(�� / �� − 1), �� − 1 =

 { �1, . . �� − 1, �1, . . �� − 1, �1, . .  �� − 1 },Where �� is the covariate vector of patient-nth. The method of 

minimization is the most commonly used covariate adaptive randomization method. The procedure was 

described independently by Taves (1974) and Pocock and Simon (1975).  Minimization is a good method to 

limit imbalance in relatively small randomized clinical trials with more important prognostic factors (covariates). 

It called minimization because imbalance in the distribution of covariates is minimized. 
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 Minimization revises the probability of treatment assignment based on baseline characteristics of the participant 

and participants already randomized. this paper detailed the minimization methods and conventional approach 

i.e. chi-square test for goodness of fit of covariate adaptive randomization (CAR) process.   

 

Method: The covariate-adaptive randomization to improve important trial characteristics like the subject 

outcomes by preferentially randomizing patients to the better performing arm. To improve the efficiency of 

estimation by preferentially assigning patients to doses in a manner that increases statistical efficiency and 

improving the efficiency in addressing multiple hypotheses by randomizing patients in a way that emphasizes 

sequential goals.  

 

Permuted Block Randomization:   Basically, in SAS we are using the PLAN procedure for generation of 

randomization schedule. The below example of SAS code is for 24 subjects for two treatment groups.  

1. Proc plan seed =  12345678 ; 

2. Factors block =  6Random bsize = 4 ordered  ; 

3. Treatments trt=  4 ;  

4. Output out = Ex1  trtnvals= (1 1 2 2) random ; 

5. Run; 

Note:  in above code 6*4 = 24 subjects i.e. total number of 6 blocks and each blocks have 4 subjects and assign with 2 treatment 

groups. 

In Proc PLAN there some statement like - SEED statement that is an integer and it is blind to the other team 

member basically use of regenerate the same randomization. FACTORS is specifying the factors for the design 

of the study – FACTORS.  TREATMENTS – Specify the treatments group. Treatment number >= last factor 

values in the factor statement. OUTPUT – It creates the dataset containing the end point. 

 

Conventional Approach for Covariate Adaptive Randomization: Below are necessary steps need to follow 

for one conventional approach of covariate randomization schedule.   

Step 1: Temporarily assign new patient to the treatment group A.  

Step2: Calculate the Pearson’s χ2 Goodness-of-Fit statistics for the covariate groups for which the new patients 

would belong.  

Step 3: Identify the maximum χ2 test statistics among all the covariate group.  

Step 4: Remove the patient from group A and repeat step 1-3 for all other treatment groups.  

Step 5: Identify the minimum χ2 test statistics over all the identified test statistics (one from each repetition of 

step 1-3). 

Step 6: Assign the new patient to the group for which the minimum χ2 test statistics was achieved. 

For example: Consider the efficacy of two blood pressure reducing drug is being compared in patients with high 

blood pressure. We have 2 covariates Baseline blood pressure (hypertensive; Pre-hypertensive) and age (>=65 

and <65). 

 

Table 1:  A case study for randomized subjects at opening level. 

  

Drug A Drug B 

n =12 n =8 

Baseline Blood Pressure 

Pre – Hypertensive 4 5 

Hypertensive 8 3 

Age Group 

>= 65 Years 5 2 

< 65 Years 7 6 
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Note: A new patient arrives at the trial who is hypertensive and age <65. And temporarily assign with this new 

subject with Drug – A and calculate the chi-squared goodness of fit for both the covariate.  

 

Table 2:  Chi- Square Test for Goodness of Fit (If the new subject assign with Drug - A) 

Chi- Square Test for Goodness of Fit (If the new subject 

assign with Drug - A) 

  Drug A Drug B 
Chi-Square 

Value 

Hypertensive 9 3 
3 

< 65 Years 6 2 

 

Table 3:  Chi- Square Test for Goodness of Fit (If the new subject assign with Drug - B) 

Chi- Square Test for Goodness of Fit (If the new subject 

assign with Drug - B) 

  Drug A Drug B 
Chi-Square 

Value 

Hypertensive 8 4 
1.33 

< 65 Years 6 2 

 

Note:  The largest χ2 test statistics when subject in Drug A is 3.0. And Repeat this process by replacing the 

subject to Drug B. and again, we found that the largest χ2 test statistics when subject in Drug B is 1.33. From 

above information, we can assign new subject to Drug B because smaller imbalance for the covariate when 

subject in B. 

 

Minimization Method for Covariate Adaptive Randomization: There is one more method called as 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 [1,5, 6,7] 

If there are � treatments and �covariates-Let �1, �2, �3 … , ��be the levels of covariates 1, 2, 3, … � , respectively. 

Then the number of strata here are�1 ∗ , �2 ∗ , �3 ∗ … �� ∗ . 

Let ���� be the number of patients who were assigned with covariate � in level� to treatment �. 

Where � =  1, 2, 3, … , �;  � =  1, 2, 3, … , �� and � =  1, 2, 3, … , � the next step is to assign ���� patients. Let 

�1, �2, �2. . �� be the levels of new a patient covariate. 

The assigning of this patient is as follows: 

Step 1: Add the new patient to the first treatment, treatment 1 say, temporarily. Then compute the amount of 

imbalance: 

��  =  ����1 − ����2 , where ����1 is the number of patient with the covariates I in level j that are assigned to 

treatment 1.  ����2is the number of patient with the covariates � in level � that are assigned to treatment 2. 

� =   (��1, ��2, . . , ���) =   � |��|

�

���

 

Step 2: Add the new patient to treatment 2 temporarily. Then compute the amount of imbalance: 

��  =  ����1 − ����2 

Where,����1 be the number of patients with covariate �in level � who have been assigned to treatment�1. 

����2 be the number of patients with covariate� in level�have been assigned to treatment �2 . 
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� =   (��1, ��2, . . , ���) =   �|��|

�

���

 

Step 3: Add a new patient to treatment �1 or �2 which one leads to minimum imbalance (�). 

 

Conclusion: The statistician’s responsibility is to help the investigators to frame the statement of objectives in 

such a manner that a clinically relevant primary outcome measure and a test able statistical hypothesis are 

specified, from which the primary statistical analysis is also specified. This primary outcome analysis will drive 

the design of the study: its length, the number of subjects to be randomized, and the statistical analysis plan. 

According to ICH guidelines a Statistical Analysis Plan should be prepared prior to un-blinding the clinical 

study. The aim of the Statistical Analysis Plan is to minimise bias by clearly stating the proposed methods of 

dealing with randomization procedure and if any issue related with dispensing or allocation of treatment which 

anticipated analysis problems will be handled as well as many other possible issues. 

 

In conclusion we can say that randomization is of crucial importance in clinical trials. Through randomization 

procedure research participants assigned to the treatment group by probability or chance. It prevents selection 

bias and insures against accidental bias. It produces comparable groups and eliminates the source of bias in 

treatment assignments. Finally, it permits the use of probability theory to express the likelihood of chance as a 

source for the difference between outcomes. There are several procedures of randomization, but the major is 

simple randomization, block randomization, stratified randomization and adaptive randomization. The simple 

randomization:  i.e. single sequence of random assignments of subjects to a treatment by using random number 

tables. It is easy and simple to implement for larger clinical trials, but the it is problematic in relatively small 

sample size, which results in imbalance in the assignments of treatment groups. In block randomization – 

subjects are randomized into groups with equal sample size and balance in sample size across groups over time, 

the number of participants is similar always, when the blocks are small and balanced among treatment groups. 

The main advantage of block randomization is to reduce the selection bias, when the assignments can be 

determined with certainty. But the major disadvantage- although balance in sample size may be achieved with 

this method, groups may be generated that are rarely comparable in terms of certain covariates. Again, to 

balance in terms of covariates, we can use stratified randomization process. This can control and balance the 

influence of covariates. The specific covariates must be identified by the researcher who understands the 

potential influence each covariate has on the dependent variable. - It can be achieved by generating a separate 

block for each combination of covariates and participants are assigned to the appropriate blocks of covariates. - 

Once the participants have been assigned into blocks, the subject will be assigned randomly to either the 

treatment group or the control group. The major advantage of stratified randomization is:  Simple and useful 

technique, especially for smaller clinical trials. And the disadvantage: - Becomes complicated, for many 

covariates to be controlled. - Two many block combination lead to imbalance treatment allocation. - When 

Baseline character is not available before assignment, stratified randomization is difficult. In adaptive 

randomization process: - the new participant will be sequentially assigned to a particular treatment; based on the 

specific covariate and pervious assignments of participants and uses the method of minimization by assessing 

the imbalance of sample size among several covariates. The main advantage of this randomization procedure is 

to balance the covariates across the treatment groups. And the major difficulties: - It determines the treatment 

group of the next patients, rather than increasing the probability of being randomly assigned to that treatment 

group, selection bias is present and further investigation should consider randomizing patients with increased 

probability rather than directly determining the group assignment of the next patient. Study statistician need to 

decide which randomization procedure is required with respect to study design, objective, feasibility and ethical 

considerations. 
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