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Introduction
❑Randomized controlled trials (RCTs) are considered the gold standard for 
evaluating the effects of medical interventions.

❑Pragmatic trials investigate the effectiveness of medical interventions or 
strategies under usual conditions.

❑In contrast to explanatory trials, these trials are not placebo-controlled and 
typically do not blind the participants.

❑Results of pragmatic trials often better reflect the effects to be expected in 
daily practice.



Introduction
❑Less than one-third of RCTs achieve their planned recruitment 
target and followup is labour intensive.

❑To overcome these challenges, the ‘cohort multiple randomized 
controlled trial’ design was proposed as a variation of pragmatic 
RCTs.

❑The basis of this design is a prospective cohort of participants with 
the condition of interest, receiving care as usual, who give informed 
consent for cohort participation.



Introduction
❑In the authors’ centre, participants are asked for 
❑informed consent to be randomized in future RCTs conducted within the 

cohort. 

❑they will be offered the experimental intervention if they are randomly 
selected.

❑that they otherwise might serve as controls without being notified. 

❑That their data can be used in a trial context.

❑Within this cohort, multiple RCTs can be conducted.



Introduction
❑From this subcohort, a random selection of participants will be 
invited to undergo the experimental intervention.

❑Eligible participants who were not randomly selected receive 
standard care, are not informed about the experimental intervention 
and serve as controls.

❑Outcomes in this control group are compared with the outcomes of 
those who were offered the experimental intervention, in order to 
estimate the effect of the experimental intervention compre with  
usual care.



Introduction
❑Within the cohort, the same process can be repeated for trials of 
other interventions. 

❑The design appears especially attractive for clinical research areas 
where many interventions need evaluation, and for highly desired or 
expensive interventions



Introduction
❑In this article, the author focus on the methodological issues of 
conducting one RCT within a cohort (cmRCT). 

❑The author compare cmRCTs and pragmatic RCTs in terms of 
validity of the results and discuss approaches for analysis of a cmRCT.



Validity of cmRCTresults
❑To obtain a valid estimate of the intervention effect, the group 
receiving the experimental intervention and the group receiving the 
standard intervention need to be comparable at the start of the 
study, during follow-up and at the end of the study.

❑However, at each of these moments, differences between cmRCTs
and RCTs may occur.



At the start of the study: timing of 
randomization
❑A major difference between a cmRCT and an RCT is the timing of 
randomization relative to the informed consent procedure.
❑In an RCT, all participants are randomized after they have been informed 

about the intervention and after they consented to participate in the trial. 

❑In a cmRCT however, only participants allocated to the experimental 
intervention arm are informed about the intervention, but only after they 
have been randomized. 



At the start of the study: timing of 
randomization
❑Participants in a cmRCT have given informed consent to be 
randomized, although the intervention is not known yet.

❑Participants who are randomized to the experimental arm, may 
subsequently decline the experimental intervention (non-compliers).

❑ Non-compliance is used to indicate that participants who are 
allocated to one intervention arm decline that particular 
intervention at baseline.



At the start of the study: timing of 
randomization
❑As a result, the proportion of non-compliance in the experimental 
arm is expected to be higher in a cmRCT compared with an RCT, 
particularly affect trials looking at interventions that are unpopular 
among participants, for example time-consuming or inconvenient 
interventions. 



At the start of the study: timing of 
randomization
❑In case of non-compliance, per protocol analysis may result in 
biased estimates of the intervention effect, if reasons for non-
compliance are related to the outcome.

❑Hence, trial results will be generalizable to a broader population, 
but compared with an RCT, intention-to-treat (ITT) analysis will 
provide a more diluted estimate of the true intervention effect.



Challenges during follow-up
❑Pragmatic RCTS compare interventions under usual conditions, 
thus participants are not blinded and changes in, for example, 
health-related behaviour may differ between study arms.

❑Furthermore, participants may drop out if they are not allocated to 
the intervention they had hoped for or cross over to the preferred 
intervention arm.



Challenges during follow-up
❑Participants in cmRCTs are not blinded, but participants in the 
control group are unaware of being in the control group of a specific 
trial. 

❑As a result, 
❑standard of care will better resemble routine standard of care. 

❑Furthermore, drop-out rates may be lower in cmRCTs since participants in the 
control group are not likely to withdraw from standard care.



Challenges during follow-up
❑Moreover, information on baseline characteristics and outcome 
measurements (i.e. the regular cohort measures) of drop-outs are 
still recorded, which is essential in the data analysis.



Measurement of endpoints
❑In cmRCTs, participants are not blinded, which may lead to differential 
reporting of outcomes particularly in case of patient-reported outcomes.

❑Some participants will consent to participate in a pragmatic RCT because they 
wish to receive the experimental intervention. They may be disappointed if 
allocated to the control arm and may subjectively report worse outcomes than 
were actually experienced, which may bias the observed differences in outcome 
between interventions.



Measurement of endpoints
❑For control participants in a cmRCT, since they do not know that 
they serve as control participants; this leaves potential bias in 
reported outcomes of patients in the experimental arm only. 

❑Therefore in comparison with pragmatic RCTs, the potential for 
reporting bias may be reduced in cmRCTs.



Analysis of a cmRCT
❑In pragmatic trials, it is difficult and often undesirable to blind 
participants. 

❑This increases the risk of non-compliance, leading to underestimation 
of the true effect in ITT analysis.



Analysis of a cmRCT
❑To control for non-compliance in RCTs, instrumental variable (IV) 
analysis (or Complier Average Causal Effect (CACE) analysis) may be 
used to account for non-compliance. 

❑The IV analysis accounts for non-compliance by inflating the ITT 
effect to the effect that would be observed in the situation of perfect 
compliance. 



Analysis of a cmRCT

X as actual intervention received (e.g. experimental intervention = 1, usual care = 0) 

Y as outcome

Z as an indicator of (random) assignment of the intervention (e.g. experimental 
intervention = 1, usual care = 0), Z is referred to as the instrument, or the 
instrumental variable.



Analysis of a cmRCT

❑The smaller the rate of compliance, the more the ITT effect will tend to differ from 
the average causal effect. 

❑To obtain the effect that would be observed under perfect compliance (IV effect), 
the ITT effect needs to be inflated. In IV analysis the average effect of X on Y is 
estimated from two effects of Z, namely the average effect of Z on Y and the average 
effect of Z on X.



ITT versus IV analysis
❑To illustrate the impact of compliance, we compared ITT and IV 
analysis in both cmRCTs and RCTs. 
❑Considered a hypothetical randomized trial with two intervention 

arms, which is designed to detect a 10% difference in the risk of the 
outcome.
❑The risk of the outcome is 10% in the experimental intervention arm, 

and 20% in the control arm. 



ITT versus IV analysis

❑Non-compliance in RCTs is possible in both intervention arms whereas, 
in cmRCT studies, non-compliance will be in the experimental treatment 
arm only. 

❑In a RCT at 10% non-compliance, there is 10% non-compliance in both 
arms, resulting in a 10% total non-compliance. 

❑In contrast to 10% non-compliance in a cmRCT, since non-compliance 
occurs in the experimental intervention arm only. This results in a 5% 
total non-compliance. 



ITT versus IV analysis

We simulated four approaches: 

(i) ITT analysis of an RCT

(ii) ITT analysis of a cmRCT

(iii) IV analysis of a RCT

(iv) IV analysis of a cmRCT



ITT versus IV analysis

❑In both RCTs and cmRCTs, the observed risk
difference (obtained with ITT analysis) obviously 
depends on the proportion of non-compliance: the ITT 
estimate becomes more diluted as non-compliance 
increases. 

❑Since non-compliance occurs in the experimental 
intervention group only, the dilution is less in the 
cmRCT scenario, yielding a less biased estimate of the 
true treatment effect.



ITT versus IV analysis
❑Possibly there will be situations in which the amount of non-
compliance in the experimental arm is too large to be compensated 
for by the low amount of non-compliance in the control arm.



ITT versus IV analysis
❑The intervention effect among compliers is 
estimated using the IV analysis, at the expense of 
precision. 

❑This imprecision increases more slowly in the cmRCT
scenario since the probability of receiving the 
experimental intervention in the control group is very 
low and non-compliance is in the experimental 
intervention arm only.



ITT versus IV analysis
❑The main advantage of a cmRCT is the containment and control of 
the non-compliance, since all non-compliance accumulates in the 
experimental arm. 

❑Conducting a cmRCT, one should consider the amount of non-
compliance to be expected in the experimental arm and the 
accessibility to this experimental intervention.



Assumptions of IV analysis
❑An IV should satisfy three key assumptions:

1. The IV is predictive of actual intervention status.

2. Does not share common causes with the outcome 

3. Affects the outcome only through the intervention



Assumptions of IV analysis
❑Assumption three may be violated in pragmatic RCTS where 
participants are not blinded. 

❑In these cases, participants may change their behaviour when (not 
being) offered the intervention. 

❑Therefore, random allocation may affect the outcome via, for 
example, lifestyle changes as well as via the intervention. 

❑In a cmRCT however, participants allocated to the control group do 
not know that they serve as controls. Therefore, assumption three 
might be less violated in cmRCTs than in pragmatic RCTs.



Discussion
❑Participants in a cmRCT are recruited from an underlying cohort 
and outcomes measured in this cohort are relevant for the RCTs 
conducted within that cohort. 

❑Advantages of cmRCT
1.Once such a cohort has been established, less expensive and less effort compared 
with RCTs

2.Cohort allows for unequal randomization by making use of the (large) control group of 
the cohort. This may be especially attractive in the case of expensive experimental 
treatments, to reduce the costs of a trial.

3.Participants in the control group are unaware that they are participating as controls in 
a randomized trial, reduce the potential of reporting bias and cross-over of participants 
from control arm to experimental treatment arm.



Discussion
❑cmRCTs are most suitable to evaluate experimental interventions 
that are not easily accessible for participants.

❑For example, a cmRCT studying the relative effectiveness of two 
pharmacological drugs that are already on the market will face this 
challenge; this seems unlikely when comparing drugs in a pre-
licensing stage.



Discussion
❑In non-inferiority and equivalence trials, an ITT analysis is anti-
conservative, particularly when non-compliance rates are high.

❑IV analysis, as applied in the analysis of a cmRCT, may partly 
overcome this problem. Note that precision  of IV estimates will be 
smaller (i.e. wider confidenceintervals) than the precision of 
estimates from an ITT analysis conducted in a study with full 
compliance.



Discussion
❑The cmRCT participants recruited from a cohort may also better 
resemble the population of (future) users of the intervention.



RCTs (Explanatory trials) cmRCTs (Pragmatic trials)

1.Design -Under strict protocol
-placebo-controlled 

-Under usual condition 
-Intervention vs routine standard of care

2.Participant Usually blind Intervention group not blind  
(More non-compliers)

3.Future trial Only that trial Multiple rcts can be conducted in the future

4.Informed consent Both groups Only participants allocated to the experimental 
intervention arm are informed.

5.timing of informed 
consent procedure

Randomized after they have been informed After they have been randomized. 

6.During follow-up : 
Dropout rate  

Total less drop out/cross-over

7.Measurement of 
endpoints: Bias in 
reporting of outcomes 

Less bias Subjectively report worse outcomes in 
intervention group

8.Analysis This imprecision increases more slowly when 
non-compliers increase.
IV is recommended.



Conclusion
❑A major difference between an RCT and an RCT within a cohort 
(cmRCT) is the timing of randomization.
❑RCT - after they consent to participation. 

❑cmRCT - only participants allocated to the experiment arm and only after 
they have been randomized

❑Control participants in a cmRCT do not know they are in the control 
arm, which will better mimic routine standard of care and lower the 
risk of loss to followup and response bias.



Conclusion
❑Based on our evaluation, the author conclude that results from 
single cmRCTs are as valid as those from pragmatic RCTs. 

❑Whether the cmRCTs design is more efficient compared with 
pragmatic RCTs depends on the amount and nature of non-
compliance.
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