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What is the question we start from?

We have two:
How to calculate the sample size for a weighted study?

How to create proper inference on the weighted data?
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Uniforming:
• Inclusion/exclusion criteria
• Outcome definitions
• Weighting baseline characteristics
• Statistical methods

For indirect treatment comparison a similarity assumption is
required in terms of moderators of treatment effect (i.e.
patients included should be sufficiently similar in the two sets
of treatments compared)

Similarity

Fujian Song (2009)

Definitions: Weighting methods, why use them
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How is possible to reach similarity? 
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Li et al. (2018)

Definitions: Weighting methods
The propensity score is calculated using logistic regression by modeling the probability of
enrolment to TRIAL-1.
Covariates will include all characteristics that could affect the probability of enrolment to a
study but not the outcome of interest. The probability for each person from the logistic
regression model is considered the propensity to be enrolled to the study. The estimated weights
incorporate the propensity score to weight each group to an analyst-selected target population.

where h(·) is prespecified function of x
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Definitions: Weighting methods, rescaled
weights
The estimated weights may be further rescaled so that the rescaled weights are relative
to the original unit weights of each individual (a rescaled weight >1 means that an
individual carries more weight in the reweighted population than in the original
population, and a rescaled weight <1 means that an individual carries less weight).
Given sample size n estimated weights , the rescaled weight for individual is calculated
as

𝑤. 𝑟𝑠! = 𝑛 ∗
𝑤!

∑"#$% 𝑤!
.
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Definitions: Effective Sample Size
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The effective sample size (ESS) for the weighed population data suggested by 
[Signorovitch 2010] will be calculated using the formula 

𝐸𝑆𝑆 =
∑!"#$ 𝑤! %

∑!"#$ 𝑤!%

Given  sample size n and w the estimated weights with i=1, … ,n

Although the effective sample size ESS is only accurate if the weights are fixed (or not
related to outcomes), smaller sample sizes are an indication that the weights are highly
variable due to a lack of population overlap and the estimates may be unstable.
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Complex sample designs 

These designs have features such as multistage sampling, selection with unequal
probabilities, sample weighting adjustments and population weighting adjustments, this
causes subgroups represented disproportionately in the sample.

Design effect concept

Definitions: Sample Size
To determine a sample size, some criterion must be adopted for deciding how big is big
enough. This is a question of how precise you want an estimate to be.

Effective Sample Size
[Kish,1965]

www.valos.it
info@valos.it

http://www.valos.it/


The concept of design effect (DE) has proved to be a valuable tool in the design of
complex samples and helps guide the development of efficient sample designs.

It was proposed [Cornfield, 1951] that sample size for complex surveys can be
calculated by first calculating the sample size required for a Simple Random Sample
(SRS) and then adjusted by the design effect, e.g. if the DE is equal to 2, this means
that sample size be at least doubled.

𝐷𝐸 =
𝐴𝑐𝑡𝑢𝑎𝑙 𝑆𝑎𝑚𝑝𝑙𝑒 𝑆𝑖𝑧𝑒

𝑆𝑖𝑚𝑝𝑙𝑒 𝑅𝑎𝑛𝑑𝑜𝑚 𝑆𝑎𝑚𝑝𝑙𝑒
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Question
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In this presentation, 4 cases are compared: unweighted data, weighted data, weighted
data with re-scaled weights where sum of weights is equal to the number of subjects
in the sample and weighted data with re-scaled weights where sum of weights is equal
to ESS. Each case is implemented on the same simulated dataset.
The purpose of this work is to demonstrate why it is better to re-scale weights using
ESS and how the sample size should be calculated to have reliable results. The
comparisons are conducted on a simulated example estimating risk ratio as result.
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How to calculate the sample size for a weighted study and how to create proper 
inference on the weighted data?
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Example of explanation of the problem
www.valos.it
info@valos.it

Let's suppose to have two RWD cohorts, the objective is to assess if the percentage of 
responders is bigger in cohort A taking drug A than in cohort B taking drug B.
The results are:

Responders Non-responders Total

Cohort A 40 36 76

Cohort B 43 97 140

Calculating risk ratio with log-binomial model we get:
RR(95%) = 1.7136 (1.2348, 2.3781) p-value = 0.0013
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Calculating risk ratio with log-binomial model weighted with overlap weights we get:

Responders Non-responders Total

Cohort A 20.7152 18.9842 39.6993

Cohort B 12.2569 27.4424 39.6993

RR(95%) = 1.6901 (0.9726, 2.9368) p-value = 0.0627
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Calculating risk ratio with log-binomial model weighted with re-scaled (to original 216 
subjects) overlap weights we get:

Responders Non-responders Total

Cohort A 56.3546 51.6454 108

Cohort B 33.3444 74.6556 108

RR(95%) = 1.6901 (1.2090, 2.3627) p-value = 0.0021

What is the right result?
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Example of explanation of the problem
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Responders Non-responders Total

Cohort A 29.3245 26.8741 56.1986

Cohort B 31.9623 71.5613 103.524

The solution could be re-scaling not to 216 but to Effective Sample Size, keeping the 
proportions of subjects in cohort A and B the same of original ones.
The ESS is 159.72226767

RR(95%) = 1.6901 (1.1538, 2.4757) p-value = 0.0071
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Demonstration: step 1
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Simulate a population of 10’000’000 subjects based the following assumption:
proportion of successes in treatment 1 = 20%, in treatment 2 = 30%.

The SAS v.9.4 was used.Andrea Parodi, Dmitri Petratchenko, Valos srl, Genova.
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Demonstration: step 2
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Based on the book Wang, H. and Chow, S.-C. 2007. Sample Size Calculation for 
Comparing Proportions. Wiley Encyclopedia of Clinical Trials, n1 = n2 = 291 subjects 
are needed for showing a difference in the two groups if p1 = 0.2 and p2 = 0.30 with 
alpha = 0.05 and power = 0.8.
So we randomly extract 10’000 samples, expecting to find a significant difference in 
80% of them.
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Demonstration: step 2
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We tried increasing n1 = n2 starting from 292 until we got the first value with >80% of 
successes.
We found for n1 = n2 = 296

And for n1 = n2 = 297

So 297 seems to be the correct sample size needed.
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Demonstration: step 3
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Create a population with p1 = 0.2 and p2 = 0.3, but with additional effect of age, sex 
and severity class. Results of the population created are:
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Demonstration: step 3
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• Age is created as uniform distribution with range 40-80 in
group 1, 45-85 in group 2.

• Female cat is created as bernoulli distribution with p = 0.6 in
group 1, p = 0.5 in group 2.

• Severity class severe is created as bernoulli distribution with p
= 0.3 in group 1, p = 0.4 in group 2.

• Starting from 61st year the probability of experiencing a
success has been decreased of 0.001 for each year (increased
for ages < 60).

• Be in the female group increased the probability of
experiencing a success of 0.06.

• Be in the severe group decreased the probability of
experiencing a success of 0.05.
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Demonstration: step 4
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Find n1 = n2 that has mean/median ESS > 594 (297 x 2).

I found n1 = n2 = 318, with mean ESS = 592.53, median ESS = 593.28.

The following group n1 = n2 = 319 had mean = 594.18 and median = 594.86. 

So design effect can be estimated as 319/297 = 1.074
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Demonstration: step 5
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Simulate the number of studies with success using weights in the dataset with n1 = n2 = 
319 created at step 4.

Without using weights:

Using weights:
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Demonstration: step 5
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Using re-scaled to n1 + n2 weights

Using re-scaled to ESS weights:

The closest to 80.29 is the ess-scaling to n1 + n2 weights
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Conclusion
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• Rescaling ESS seems to be the most reliable solution even if maybe the evidence found
in this simulation is not strong enough

• Evidence is strong enough for stating that weights without rescaling should not be used

• Currently a mathematical demonstration is lacking

• Need of evidence using different weighting methods and for comparisons with only 1
study with IPD

• In the proposed solution the ESS of ~160 subjects has been divided in Cohort A and B
keeping the proportion equal to the original one without weighting. Further simulations
are needed for checking different situations, for example checking ESS calculated
singularly on each of the two cohorts
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Thank you
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