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Introduction

“*Randomization is usually used
» To control selection bias

» To generate comparable groups

= Free of confounding

= Known and unknown

» To enable valid statistical tests
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Introduction

Random allocation Random sampling
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Randomization vs Random
Sampling

Random allocation Random sampling
« Critical for clinical trials * Critical for
e Increase internal observational studies
validity * Increase external
» Comparability validity
« Generalizability
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Introduction

“*Random Sampling
»Not necessary per se
»Necessary for generalizability
“*Random allocations
»Necessary for unbiased inference
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Introduction

w*Concealment

» Masking randomization process by using
an unpredictable mechanism so that no

one can foresee the allocation prior to
assignment
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Types of Randomization

“» Complete randomization

1. The chance that a patient receives either
the test drug or the placebo is 50%.

2. Random assignments are performed
iIndependently for each of the N patients.
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Types of Randomization

4 )

Systematic randomization

\L

\_

—[ Simple randomization

—[ Block randomization

—[ Stratified randomization

15-Oct-24 poorolajal@umsha.ac.ir



Systematic Randomization

“*Assignment of patients to groups
according to

» The order of enrollment

»>T
> T
> T

15-Oct-24

Every other patient is assigned to one group

ne dates of enrollment
ne patient’s initial How?
ne patient’s birthday How?
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Systematic Randomization

“*The assignment of patients to treatments
can be predicted without error.

“*The Investigators or patients may be
aware of which treatment the patients
receive.
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Simple Randomization
Table of random numbers

Computer random number generator

https://www.randomizer.org/

Coin tossing

Drawing of lots

Q Throwing dice

“‘ Shuffling cards or envelopes

15-Oct-24 poorolajal@umsha.ac.ir 11



Table of Random Numbers

324444 8277
8857074015
9516039221
805804 18 67
6047 80 3343

95 04 35 26 80
45547708 18
3173257260
85995903 07
3584185771

8530188977
54 06 61 52 43
98 52524335
9039161105
26 62 91 90 87

3730142678
92 00 39 80 85
16 453945 14
99 83 70 05 82
07 36297703

598209 61 63
2570491035
22304903 14
17 710596 21
2585258905

45 78 05 64 87
59 8499 61 69
47 670076 54
543047 18 03
08 105599 87

29490697 14
4772 45 67 33
24 43 22 48 96
5741106368
24 47 28 8779

459904 3242
76 66 87 3209
3901497066
81 23 24 49 87
76 44 74 25 37

64 65 42 58 43
0175514750
7287717334
06 5540 78 50
5721639618

0997159481
614592 16 47
45 37 62 53 66
26 82505511
8711221476

7303 5412 07
47 43 14 39 05
732775 88 84
5385630743
305402 78 86

173745 2003
5920211973
83012098 32
095049 64 12
98 524978 31

41 14 54 28 20
48 96 83 86 03
3928304149
739507 5552
49 85 69 93 26

370062 21 86
6741717198
94 74 64 95 80
12459913 14
14713711381

74699093 10
3104 856699
11 45 61 60 82
0867084741
6173 27 54 54

7070770214
02 90 23 3250
2557177628
9019375568
65704055 14

0399110461
38 5559 55 54
1754 67 37 04
3246 3528 61
6957268777

2412 26 6591
6119630231
3053221704
0378897599
48 22 853379

60 36 39 45 53
8379942402
329500 76 05
1932 253845
11220947 47

3175157260
8849 29 93 82
30934477 44
22 88 84 88 93
78 21 2169 93
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Simple Randomization
*Complete

» The chance of allocation for each patient is
50%

»Randomization is performed independently for
each of the N patients

<+ Limitations

» Imbalance which is a function of sample size
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Simple Randomization

“*When an equal number of patients are
enrolled in each treatment group, the
maximum statistical power.

*»*Statistical power
»Small P-value

» Narrow confidence interval

15-Oct-24 poorolajal@umsha.ac.ir

14



Balance Sample Size

Exposure Cases Controls

+ 40 20 OR =2.67

- 60 80 95% Cl: 1.36, 5.31
Total 100 100 P value = 0.002

+ 20 30 OR =2.67

- 30 120 95% Cl: 1.25, 5.62
Total 50 150 P value: 0.005

+ 4 38 OR =2.67

- 6 152 95% Cl: 0.52, 11.8
Total 10 190 P value: 0.130
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Block Randomization

***One of the major disadvantages of simple
randomization is the treatment imbalance.

*+*Block Randomization

» First, divide the whole series of patients who are
to enroll in the trial into several blocks with equal
or unequal lengths.

» Second, randomize the patients within each block.
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Block Randomization

There are three drugs (A, B, C) administered in each one of 9

blocks
No. Drug No. Drug No. Drug No. Drug No. NoO.
1 B 10 A 19 C 28 B 37 A 46 C
2 A 11 B 20 A 29 A 38 C 47 A
3 C 12 C 21 B 30 C 39 B 48 B
4 C 13 B 22 A 31 C 40 B 49 B
5 B 14 A 23 C 32 A 41 C 50 C
6 A 15 C 24 B 33 B 42 A 51 A
7 C 16 C 25 C 34 B 43 C 52 C
8 B 17 A 26 A 35 C 44 B 53 B
9 A 18 B 27 B 36 A 45 A 24 A
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Block Randomization

At most 1 difference in the samples of two groups

1 2 3|14 |5 6 7 8 9 |10 |11 (12|13 |14 | 15| 16

At most 2 differences in the samples of two groups

1 2 3|4 | 5 6 7 8 9 |10 |11 (12|13 |14 | 15| 16

At most 3 differences in the samples of two groups

112 (3|4 (5|6|7|8]9|1011 12|13 |14 | 15| 16
17118 |19 |20 | 21 | 22 |23 |24 | 25|26 | 27|28 |29 |30 | 31| 32
‘33‘34‘35‘36‘37‘38‘39‘40‘41‘42‘43‘44‘45‘46‘47‘48\

15-Oct-24 poorolajal@umsha.ac.ir 18




Block Randomization

***Advantages
» Forced periodic balance

» Assurance of treatment balance

*»*Disadvantages

» When the block size is not blinded, the probability
of correctly guessing the treatment increase at the
end of each successive block.

= Selection bias
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Stratified Randomization

**|f a covariate is known to be the cause of
heterogeneity, the patients are stratified into
several homogeneous groups (or strata) with
respect to the covariate.

**Randomization of patients to the treatment is
then performed independently within the
strata

15-Oct-24 poorolajal@umsha.ac.ir 20



Stratified Randomization

The two groups become comparable in terms of sex and age

Stratify By Sex:

Stratify By Age:
360
Young

180 + 120 + 150 + 50
=500

Randomize
Each
Sub-Group:

180 + 120 + 150 + 50
=500
New Treatment Current Treatment
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Stratified Randomization

“*The idea of stratification is to keep the
variability of patients

» Within-strata as small as possible

» Between-strata variability as large as possible

*»*Stratification prevents imbalance with respect
to important covariates.
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Blinding

***Blinding also known as “masking”
» Being unaware of the treatment assignment

N/

** Prevents information bias

» Observer bias
= Assessment of outcome

» Patients bias
= Patient’s psychological reaction
= Behavior of patient
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Blindning

“**Open label
»No one
**Single blinded
» Either patients or investigators only

***Double blinded
» Both patients and outcome assessor

“*Triple blinded

» Patients, outcome assessor, care provider,
analyzer
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Blindning
SINGLE BLIND
?

~ Patients
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Blindning
DOUBLE BLIND
?

- Patients
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