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Abstract 

In a randomized clinical trial (RCT), analysis of different data sets of the same clinical trial may change the 

meaningfulness of the difference between the study groups depending on which data sets are compared. Possible data 

sets are intention to treat (ITT), per protocol or on treatment (PP), as treated (AT). 

The specific conditions that may cause the greatest likelihood of affecting the outcome, depending on the choice of data 

sets compared should be further investigated. 
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Abbreviations: RCT: Randomized Clinical Trial; ITT: 
Intention To Treat; PP: Per Protocol; AT: As Treated. 
 

BIAS 

In a randomized clinical trial (RCT), very broadly put, 
the investigator hopes to estimate how an intervention 
effects an outcome. There may be numerous challenges to 
finding out an estimation that reflects the true relation 
between the intervention and the outcome. Various forms 
of bias is a big group responsible for failing to find a 
correct estimate [1]. Clinical research scientists are very 
conscious of bias and use all the means available to them 
to avoid it. 
 

Choice of Data Set, another Bias?  

The data set used in the analysis, as well as the 
analytical method may also be compromising agents, less 

recognized forms of bias, in the investigator’s quest to 
reach a realistic estimate. 

 

Data Sets 

Depending on the course and / or design of the 
randomized clinical trial (RCT), the analysis can be 
performed on one of possibly three data sets: intention to 
treat (ITT), per protocol or on treatment (PP), as treated 
(AT) 
These are merely ways to arrange the data to be 
compared.  
ITT: All randomized volunteers in their original 
randomized groups. 
PP: Only the volunteers completing the study as described 
in the study protocol, necessarily in their original 
randomized groups. 
AT: Only the volunteers completing the study, not 
necessarily in their original randomized groups, but in 
their final treatment groups at the end of the trial. 
To choose the right way may not be easy. 
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Example 

Let us have a brief look at how these data sets may be 
formed and what their structure may suggest.  

 

In a parallel double blind RCT, like the example 
provided by the NIH, there can be a number of changes 
during the course of the trial [2]. 

 

 

Figure 1: A randomized clinical trial overview. 
 

 
In this particular example we see that 80 out of 101 

randomized volunteers in the Remuverol arm and 81 
volunteers out 99 randomized volunteers in the Placebo 
arm completed the study. Twenty one and 18 volunteers 
were withdrawn from the groups respectively. 

 
We may have expected cross-overs as well. For 

example, some volunteers not benefiting from one 
treatment could have been switched to the other 
treatment, if the protocol specified the conditions for such 
a switch. Had this been the case, we would also have a 
number of volunteers who were randomized to the 
Placebo arm but completed the study in the Remuverol 
arm and vice versa. These numbers would also be 
reported in the summary chart above. Let us, for the sake 
of the argument assume 20 volunteers in the Placebo arm 
were switched to Remuverol and 10 volunteers from the 
Remuverol arm were switched to placebo. 
 

Compare which Data  

This brings us to the question of this article. Assuming 
we already agreed on which analysis to do, which data 
sets should we compare? 

Our options: 
1. We may compare the 80 Remuverol cases with the 81 

Placebo cases, who completed the study with 
conditions specified in the protocol, discounting all the 
withdrawals and the cross-overs as if they did not exist 
(PP). 

2. We may compare all 101 cases starting out as 
Remuverol and all 99 cases starting out as Placebo, 
disregarding all the withdrawals and the cross-overs, 
as if they did not happen (ITT).  

3. We may compare the 90 cases (80 proceeding as 
Remuverol– 10 switching to Placebo + 20 switching to 
Remuverol) ending up as Remuverol cases against the 
71 cases (81 proceeding as Placebo – 20 switching to 
Remuverol + 10 switching to Placebo) (AT).  
 
Please note it is not only numbers in all these 

scenarios but also the data of the relevant volunteers that 
change positions or are discounted from study arms. 

 
An additional cause for concern is, as simple as these 

scenarios may appear, there is debate and disagreement 
on many issues, especially about cases with incomplete 
data [3]. As it happens data may be compiled differently 
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by different investigators, even when they agree on 
principles. 

 
If the analyst choses the frequentist approach, he/she 

will be trying to see if the groups are significantly 
different, if the resultant p is less than the chosen α value 
(usually chosen to be 0.5; p < 0.5) by the investigator. 
 

Conclusion 

There will very likely be specific combinations of 
withdrawals and cross-overs that will result in a change 
in the meaningfulness of the difference between the 
groups, depending on which data sets are compared. It 
may even be possible that the meaning in the difference 
may be reversed.  

 
For instance, in a specific withdrawal and cross-over 

combination, the analyst may find that the PP data set 
analysis reveals a meaningful difference favoring the 
Remuverol arm, whereas the ITT datasets are not 
meaningfully different. In a placebo trial it would be 
unlikely to find a dataset producing a meaningful 
difference favoring placebo, but in a drug vs. drug trial, 
that kind of change may also be possible. 
 

There are rules of thumb about when to choose which 
data sets to compare. Analysis by ITT means that a 
trial’s results include the totality of patient follow-up 
for all randomized patients [4]. ITT analysis is usually 
preferred as the data set to work with as it generally 
provides bias-free analysis. Caution is still advised 
because the data set as well as method of analysis should 
match the intention of the RCT. Rules of thumb are only 
generally helpful. It is up to the investigator and the 

analyst to assure them that their estimation is indeed 
bias-free. 

 
It may be prudent to run the analyses on each data set 

separately and see if they agree, and think about how it 
may be explained, it if they do not. Nevertheless this is a 
relatively grey area and it is the opinion of this author 
that the specific conditions like the percentage of cross-
overs patients, losses to follow up etc. that appear to 
cause the greatest likelihood of affecting the outcome, 
depending on the choice of data sets compared, should be 
further studied and elucidated, probably with the aid of 
carefully constructed simulations. Having this knowledge 
would alert the investigator and the analyst when they 
are likely to be on shaky ground. 
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