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Chapter 699

Logrank Tests in a Cluster-Randomized
Design

Introduction

Cluster-randomized designs are those in which whole clusters of subjects (classes, hospitals, communities,
etc.) are put into the treatment group or the control group. In this case, the survival curves of two groups,
made up of K; clusters of Mj; individuals each, are to be tested using logrank test.

The formula used here is based on Xie and Waksman'’s (2003) extension of the results of Freedman (1982)
that were quoted by Campbell and Walters (2014).

Technical Details

Our formulation comes from Campbell and Walters (2014). Denote an observation by Yjx where i =1, 2 gives
the group,j=1, 2, ..., Ki gives the cluster within group i, and k=1, 2, ..., m; denotes an individual in cluster j of
group i. In this chapter, we will assume that group 1 is the control group and group 2 is the treatment group.

Let p denote the intracluster correlation coefficient (ICC) among individuals from the same cluster. This
correlation is the correlation of censor indicator variable.

The formula for power is found by inverting the following sequence of formulas for sample size. Freedman
(1982) showed that the number of events, e, needed for a power of 1 - 8 and a two-sided significance level of a
to detect a hazard ratio of HR (h>/ hy) is given by

2 (1 +7 HR)?
e= (Zl—“/z + Zl—ﬁ) r(1— HR)Z

where r=N2/NT7and z, = ®(x) is the standard normal distribution function. Note that for exponential
survival, HR is related to S; and S, the probabilities of survival (non-events) in the two groups, by

. In(S3)
B In(S;)

Xie and Waksman (2003) showed that, in cluster trials, the above formula could be generalized to give the
number of events needed in a cluster-randomized trial as follows.

e.=e(1+(M—-1)p)
where M is the average cluster size of all clusters given by

M_mm+&m
- K +K,
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The total number of subjects required is given by

e.(1+r)
1-S,+r(1-S5,)

N=N1+N2=(K1+K2)M=
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Example 1 - Calculating Power

Suppose that a cluster randomized study is to be conducted in which S7 = 0.50; $2=0.6; p = 0.2; M7 and M2 =
4 or 8; alpha = 0.05; and K7 and K2 =5, 10, 15, 20, or 40. Power is to be calculated for a two-sided test.

Setup

If the procedure window is not already open, use the PASS Home window to open it. The parameters for this
example are listed below and are stored in the Example 1 settings file. To load these settings to the
procedure window, click Open Example Settings File in the Help Center or File menu.

Design Tab

SOIVE FOI .o Power
Alternative Hypothesis ...........ccccvvvievieeiiiiinnns Two-Sided
Alpha... ..o 0.05

K1 (Number of CIUSters) .........occouveeereeeiiiinns 510 152040
M1 (Average Cluster Size)........ccccvvveeeeiiinnnns 48

K2 (Number of CIUSters) .........occoveeereeeiiinnns K1

M2 (Average Cluster Size)........ccccoeveeeiiiinnns M1

S1 (Proportion Surviving - Control)................. 0.50

Use S2 or HR for Treatment Group ............... S2 (Proportion Surviving - Treatment)
S2 (Proportion Surviving - Treatment) ........... 0.60

p (Intracluster Correlation, ICC)..................... 0.20
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Output

Click the Calculate button to perform the calculations and generate the following output.

Numeric Reports

Numeric Results

Solve For: Power
Test Type: Logrank Test
Groups: 1 = Control, 2 = Treatment

Alternative Hypothesis: Two-Sided

Number of Cluster Sample Number of Proportion
Clusters Size Size Events Hazard Surviving
Ratio — ICC
Power K1 K2 K M1 M2 N1 N2 El E2 HR S1 S2 P Alpha
0.0732 5 5 10 4 4 20 20 9 9 0.737 0.5 0.6 0.2 0.05
0.0848 5 5 10 8 8 40 40 18 18 0.737 0.5 0.6 0.2 0.05
0.1072 10 10 20 4 4 40 40 18 18 0.737 0.5 0.6 0.2 0.05
0.1291 10 10 20 8 8 80 80 36 36 0.737 0.5 0.6 0.2 0.05
0.1400 15 15 30 4 4 60 60 27 27 0.737 0.5 0.6 0.2 0.05
0.1726 15 15 30 8 8 120 120 54 54 0.737 0.5 0.6 0.2 0.05
0.1726 20 20 40 4 4 80 80 36 36 0.737 0.5 0.6 0.2 0.05
0.2157 20 20 40 8 8 160 160 72 72 0.737 0.5 0.6 0.2 0.05
0.3004 40 40 80 4 4 160 160 72 72 0.737 0.5 0.6 0.2 0.05
0.3817 40 40 80 8 8 320 320 144 144 0.737 0.5 0.6 0.2 0.05
Power The probability of rejecting a false null hypothesis when the alternative hypothesis is true.
K1, K2,and K The number of clusters in groups 1 and 2, and their total.
M1 and M2 The average number of items (subjects) per cluster in groups 1 and 2, respectively.
N1 and N2 The number of subjects in groups 1 and 2, respectively.
E1l and E2 The necessary number of events in groups 1 and 2, respectively.
HR The ratio of the hazards in group 2 and group 1. HR = haz2 / hazl.
S1 and S2 The proportions surviving (no events) in groups 1 and 2, respectively.
p The intracluster correlation (ICC). The correlation between a pair of subjects within a cluster.
Alpha The probability of rejecting a true null hypothesis.

Summary Statements

A parallel, two-group cluster-randomized design will be used to test whether the Group 1 (control) proportion
surviving (S1) is different from the Group 2 (treatment) proportion surviving (S2) (or, equivalently, whether there is
a difference in hazard rate). The comparison will be made using a two-sided logrank test with a Type | error rate (a)
of 0.05. The hazard rates of the two groups are assumed to be proportional over time, and the intracluster
correlation coefficient is assumed to be 0.2. To detect a proportion surviving difference of 0.1 (S1 = 0.5, S2 = 0.6),
or, equally, a hazard ratio (h2 / h1) of 0.737, with 5 clusters of 4 subjects per cluster in Group 1 (totaling 20
subjects) and 5 clusters of 4 subjects per cluster in Group 2 (totaling 20 subjects), the power is 0.0732.
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This report shows the power for each of the scenarios.
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Plots Section
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These plots show the power versus the cluster size for the two alpha values.
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Example 2 - Validation of Power Calculations using Xie
and Waksman (2003)

Xie and Waksman (2003) on page 2840 presents a table of power values for various combinations of the
parameters: S7=0.223; S2 = 0.129; HR = 1.364, p= 0.0, 0.2, 0.4, 0.6, 0.8, 0.9; M7 and M2 = 2.7; Alpha = 0.05;
and Total Number of Clusters = 100, 200, 300, and 400. PASS can replicate the entire table, but we'll focus
only on Total Number of Clusters = 200 (i.e., KT = K2 = 100) for this example.

The reported power values for p = 0.0 to 0.9 with Total Number of Clusters =200 are 0.90, 0.80, 0.71, 0.63,
0.56, 0.53, respectively.

Setup

If the procedure window is not already open, use the PASS Home window to open it. The parameters for this
example are listed below and are stored in the Example 2 settings file. To load these settings to the
procedure window, click Open Example Settings File in the Help Center or File menu.

Design Tab

SOIVE FOI .o Power

Alternative Hypothesis ............cccvvvievieiiiiinnns Two-Sided

Alpha......oo e 0.05

K1 (Number of CIUStErS) .........cocvuvvveveeeiiiinnns 100

M1 (Average Cluster Size)........ccccvvvveeeiiiinnnns 2.7

K2 (Number of CIuSters) .........occcvveereeeiiiinnns K1

M2 (Average Cluster Size)........ccccvvveeeiiiinnns M1

S1 (Proportion Surviving - Control)................. 0.223

Use S2 or HR for Treatment Group ............... S2 (Proportion Surviving - Treatment)
S2 (Proportion Surviving - Treatment) ........... 0.129

p (Intracluster Correlation, ICC)..................... 0.00.20.40.60.80.9
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Output

Click the Calculate button to perform the calculations and generate the following output.

Numeric Results

Solve For: Power
Test Type: Logrank Test
Groups: 1 = Control, 2 = Treatment

Alternative Hypothesis: Two-Sided

Number of Cluster Sample Number of Proportion
Clusters Size Size Events Hazard Surviving
Ratio ICC
Power K1 K2 K M1 M2 N1 N2 El E2 HR S1 S2 (] Alpha
0.9021 100 100 200 2.7 2.7 270 270 2225 2225 1.3648 0.223 0.129 0.0 0.05
0.8026 100 100 200 2.7 2.7 270 270 2225 2225 1.3648 0.223 0.129 0.2 0.05
0.7090 100 100 200 2.7 2.7 270 270 2225 2225 1.3648 0.223 0.129 0.4 0.05
0.6291 100 100 200 2.7 2.7 270 270 2225 2225 1.3648 0.223 0.129 0.6 0.05
0.5628 100 100 200 2.7 2.7 270 270 2225 2225 1.3648 0.223 0.129 0.8 0.05
0.5341 100 100 200 2.7 2.7 270 270 2225 2225 1.3648 0.223 0.129 0.9 0.05
PASS calculates the exact same power values.
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Example 3 - Validation of Sample Size Calculations using
Gao et al. (2015)

Gao et al. (2015) on page 49 presents an example with S7 =0.75; $2 = 0.60; p= 0.05 and 0.10; M7 and M2 = 2.
To achieve 80% Power with Alpha = 0.05 with equal group sizes, they report a required group sample size of
164 and clusters per group of 82 for p= 0.05. They also report a required group sample size of 172 and
clusters per group of 86 for p=0.10.

Setup

If the procedure window is not already open, use the PASS Home window to open it. The parameters for this
example are listed below and are stored in the Example 3 settings file. To load these settings to the
procedure window, click Open Example Settings File in the Help Center or File menu.

Design Tab
SOIVE FOI .oviiiiiiiee et K1 (Number of Clusters)
Alternative Hypothesis ...........cccccvvvieveeeiiiiinnns Two-Sided
POWET ....ccoiiiiiiiiiiiiiiiiiiiiiiiieeeeee 0.80
Alpha... ..o 0.05
M1 (Average Cluster Size)........cccceeveeeriiinnns 2
K2 (Number of CIUSters) .........occcuvveereeeiiinins K1
M2 (Average Cluster Size)........cccovvveeeiiiinnns M1
S1 (Proportion Surviving - Control)................. 0.75
Use S2 or HR for Treatment Group ............... S2 (Proportion Surviving - Treatment)
S2 (Proportion Surviving - Treatment) ........... 0.60
p (Intracluster Correlation, ICC)..................... 0.050.10
Output

Click the Calculate button to perform the calculations and generate the following output.

Numeric Results

Solve For: K1 (Number of Clusters)
Test Type: Logrank Test
Groups: 1 = Control, 2 = Treatment

Alternative Hypothesis: Two-Sided

Number of Cluster Sample Number of Proportion
Clusters Size Size Events Hazard Surviving
Ratio —_— ICC
Power K1 K2 K M1 M2 N1 N2 El E2 HR S1 S2 P Alpha
0.8039 82 82 164 2 2 164 164 53.3 53.3 1.7757 0.75 0.6 0.05 0.05
0.8044 86 86 172 2 2 172 172 55.9 55.9 1.7757 0.75 0.6 0.10 0.05

PASS matches their results exactly.
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