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Themen 

 Klären folgender Begriffe in der Analyse von RCTs

 Intention-to-treat Analyse

 Per-Protokoll Analyse 

 Point vs Sustained Treatments <-> Per-Protokoll Analyse



Three levels of questions in health-related research
o Description

• How many persons have been Covid vaccinated in 
Switzerland (by age, region, nationality, BMI group etc)

o Clinical prediction
• What is the probability of needing intensive care treatment 

for a (doubly) vaccinated but later SARS-Cov-2 infected 
person (by age, region, nationality etc)?

o Evaluation of clinical or policy interventions
• By how much would a 3rd booster Covid vaccine reduce the 

risk for severe Covid disease in already vaccinated persons of 
age >75 ?

 A causal statement about an intervention 
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30-day mortality after MI with two different 
treatment approaches 

Treatment A Treatment B
Number

of 
patients Deaths

Proportion 
dead

Number
of 

patients Deaths
Proportion 

dead

(percent) (percent)

Total 800 40 5.0 800 81 10.1

What can you conclude from this data?
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Sex, Age and Severity 

Treatment A Treatment B
Number

of 
patients

Deaths Proportion 
dead

Number
of 

patients

Deaths Proportion 
dead

(percent) (percent)

Total Age Seve-
rity 

800 40 5.0 800 81 10.1

Men <60 Low 200 4 2.0 50 1 2.0

<60 High 60 6 10.0 100 10 10.0

60+ Low 100 5 5.0 200 10 5.0

60+ High 40 10 25.0 160 40 25.0

Women <60 Low 200 2 1.0 100 1 1.0

<60 High 60 3 5.0 40 2 5.0

60+ Low 100 4 4.0 50 2 4.0

60+ High 40 6 15.0 100 15 15.0



The beauty of randomization 

o For a large study with randomized treatement 
assignment there is «no need to adjust» 

• for confounding by baseline characteristics
• selection of patients into treatment group

Collins R et al. The Magic of Randomization versus the Myth of Real-
World Evidence. NEJM 2020 (Feb 13) 382;7:674-8.



«Moderna» Trial. NEJM 2020 (Dec 30) ;384:403-16



We expect an ITT (intention-to-treat )-analysis

From the glossary of the 1998 FDA Guidance for Industry 
E9 Statistical Principles for Clinical Trials





Restriction to those «at risk» of SARS-CoV-2 
infection at start of trial









The Coronary Drug Project «Story» 

The Coronary Drug Project. Clofibrate and niacin in coronary heart 
disease. JAMA 1975;231:360-81.

«As previously 
reported, three of 
the Coronary Drug 
Project treatment 
regimens were 
discontinued before 
the scheduled 
completion of the 
project.”



The Coronary Drug Project and the «adherence 
question» to a long-term treatment

NEJM 1980;303:1038



Separate analysis for patient’s cumulative adherence



Separate analysis for patient’s cumulative adherence





Separate analysis for patient’s cumulative adherence

The figures in parenthesis are adjusted for 40 baseline 
characteristics



The Coronary Drug Projet re-analysed and re-
discussed

Murray E & Hernan M. Clinical Trials 2016;13:372-8



Timing of study visits and variable measurement

Lt is the vector of post-randomization covariates measured at visit t
At is an indicator for adherence level for the period from t to just 
before t + 1 measured at visit t + 1
A0 is measured at follow-up visit 1 (FV1) or, for individuals who died 
or dropped out before FV1, at IV4 and IV5.



Hernan& Robins. NEJM 2017;377:1391-8.



Murray&Hernan Clinical Trials 2016;13:372-8



Hernan& Robins NEJM  2017;377:1391-8.



Conclusions I 

o ITT analysis of RCTs is simple 
o Definition of a «per-protocol population» in a RCT 

for a  «point intervention» (eg. single shot 
vaccination) is reasonaly straightforward



Conclusions II : 
Situation for RCTs on sustained treatments is different 
and more difficult 

o ITT analysis might not be the final answer of 
interest

o «Naive» per-protocol (or adherence) analysis is 
flawed 

o More appropriate «adjusting methods» exist 
But for proper (planned) per-protocol analysis

«Data collection» must be 
• Adapted
• Much larger with controlled data qualtiy 
• Must have good «time resolution»



Hernan& Robins NEJM  2017;377:1391-8.
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g-methods? Miguel Hernán 

https://www.hsph.harvard.edu/miguel-hernan/causal-inference-book/
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