
Randomized Clinical Trials 

How did we get here? 
Where are we going? 

Joe Pater 



Focus of this presentation 
  

• How did we get here? 
• Long ago until 1948 – the refinement of control selection 
• 1948 until now – the growth of randomized trials 

• In medicine 
• Elsewhere 

• Where are we going? 
• Big Data/Real World Data and Evidence 

• The causal inference “revolution” 
• Will there continue to be a role for randomized trials? 

• Can observational data be part of a solution? 
• Surrogate endpoints 
• Right-sizing trials 
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How Did We Get Here? 
Long Ago Until 1948 

 



Topics 
• Recognition of the need to compare 
• Understanding that the comparison had to be “fair” 
• Methods of ensuring fairness 
• When did the idea of randomization creep in – and why? 
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Sources 
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http://www.jameslindlibrary.org 
 
The Entry of Randomized Assignment into the Social Sciences 
Julian C. Jamison WPS8062 
   
Assessing the Gold Standard — Lessons from the History of RCTs 
Laura E. Bothwell, Ph.D., Jeremy A. Greene, M.D., Ph.D., Scott H. 
Podolsky, M.D., and David S. Jones, M.D., Ph.D. N Engl J Med 374;22 
nejm.org June 2, 2016 
 
The Emergence of the Randomized, Controlled Trial 
Laura E. Bothwell, Ph.D., and Scott H. Podolsky, M.D. N Engl J Med 375;6 
nejm.org August 11, 2016 
 
The advent of fair treatment allocation schedules in clinical trials during 
the 19th and early 20th centuries. 
Iain Chalmers, Estela Dukan, Scott Podolsky, George Davey Smith. 
J R Soc Med 2012: 105: 221–227. DOI 10.1258/jrsm.2012.12k029 
 
 

http://www.jameslindlibrary.org/
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Recognition of the need to compare 
• Book of Daniel 
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Recognition of the need to compare 
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Although this episode nicely captures the idea of a 
comparison group, there is an obvious problem with 
endogeneity and selection bias. Hence not only is 
randomization in any form missing, but there is no sense 
of a controlled or fair experiment. 
 
Jamison 



Understanding that the comparison had to be 
“fair” 

• Petrarch letter to Boccaccio (1364) 
“I solemnly affirm and believe, if a hundred or a thousand men of the same 
age, same temperament and habits, together with the same surroundings, 
were attacked at the same time by the same disease, that if one half 
followed the prescriptions of the doctors of the variety of those practicing 
at the present day, and that the other half took no medicine but relied on 
Nature’s instincts, I have no doubt as to which half would escape”. 
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Methods of ensuring fairness 
• In the assignment of therapy 

• Planned  selection 
• James Lind 
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Their cases were as similar as I could have 
them. They all in general had putrid 
gums, the spots and lassitude, with 
weakness of their knees. They lay together 
in one place, being a proper apartment of 
the sick in the fore-hold; and had one diet 
common to all. 
 
Jamison 



Methods of ensuring fairness 
• In the assignment of therapy 

• Alternation 
• Most cited study is that by Fibinger who administered diptheria antitoxin 

to 484 patients admitted on alternate days  
• However, alternation was used as a method of “fair treatment allocation” 

before that and continued to be used throughout the first half of the 20th 
century 

• Randomization (see later) 
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When did the idea of randomization creep in? 
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History of Clinical Trials 
The Emergence of the Randomized, Controlled Trial 
Laura E. Bothwell, Ph.D., and Scott H. Podolsky, M.D. 

The birth of the randomized, controlled trial 
(RCT) is typically dated to a 1948 evaluation by 
the British Medical Research Council (MRC) 
of streptomycin for the treatment of tuberculosis. 



When did the idea of randomization creep in – 
and why? 

• Two narratives: 
• The statisticians did it 
• It was done solely to control selection bias 
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The statisticians did It 
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Chalmers: “Harry Marks judges the randomized clinical trial to have 
been "an extension of the statistician R.A. Fisher's ideas about experimental 
design" and that "the statisticians' randomized controlled trial 
came to represent the symbol and substance of the statistical method 
in medicine." Jean-Paul Gaudilliere observes: "The history of randomized 
clinical trials may be traced back to the biometricians' work 
and it seems to be a good example of 'applied statistics'. On the one 
hand there was a direct lineage from Pearson to Bradford Hill via 
Fisher and Major Greenwood ... On the other hand, it is not too difficult 
to argue for conceptual legacy, since the basic concepts grounding 
the choice of randomisation can be traced back to R.A. Fisher's 
work." 



The goal was to control selection bias 
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Although one of the reasons that the 
streptomycin trial has become iconic is that the 
treatment allocation schedule was based on 
random number tables, this was not for any 
esoteric statistical reason. It was because 
successful concealment of allocation schedules 
and prevention of foreknowledge of upcoming 
allocations among clinicians entering patients in 
trials is more likely to be achieved with 
allocation schedules based on random numbers 
than with schedules using alternation. 
 
Chalmers 



Two components to randomization 
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Subverting Randomization in Controlled Trials 
Kenneth F. Schulz, PhD, MBA 

WHAT IS RANDOMIZATION'? 
Randomization, if successfully accomplished, prevents bias in allocation 
of participants to comparison groups. Its success depends on two 
interrelated processes. First, an unpredictable allocation sequence must 
be generated based on a random procedure. Second, strict 
implementation of that schedule must be secured through an assignment 
mechanism (allocation concealment process) that prevents foreknowledge 
of treatment assignment. Crucially, allocation concealment shields those 
who admit patients to a trial from knowing the upcoming 
assignments.  The decision to accept or reject a participant must be 
made and informed consent obtained without knowledge of the treatment 
to be assigned. 

(JAMA. 1995;274:1456-1458) 



1948 to Now 

The Rise of RCTs 



The rise of RCTs 
• RCTs became the dominant method for assessing the role of 

medical intervention in the decades after 1948 
• The major drivers were: 

• Academic proselytizers: Sackett, Chalmers X2, etc. 
• Government funding bodies: UK MRC, then NIH 
• FDA 
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Academic proselytizers 
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Clinical epidemiologists, meanwhile, promoted 
RCTs as the best means to make medicine 
more rational. By the early 1980s, they had 
labeled RCTs the gold standard of medical 
knowledge.  As evidence-based medicine rose to 
prominence in ensuing decades, methodologic 
hierarchies emerged, with case reports at the 
bottom and RCTs at the top. 
 
Bothwell June 2016 



Levels of Evidence 



Government funding 
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Bothwell August 2016 



FDA 
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Bothwell June 2016 



Growth of RCTs in health 
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RCTs in Other Fields 
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The modern approach to development 
economics relies on two simple but 
powerful ideas. One idea is that empirical 
micro-level studies guided by economic 
theory can provide crucial insights into the 
design of policies for effective poverty 
alleviation. The other is that the best way 
to draw precise conclusions about the true 
path from causes to effects is often to 
conduct a randomized controlled field trial. 
The systematic application of these ideas 
over the past 20 years has paved the way 
for the transformation of development 
research.  



Where Are We Going? 



Where are we going? 
• Can RCTs be replaced? 

• The “causal revolution” 
• Can we derive reliable information on the effects of intervention from 

observational data? 
• Are we doing the right kind of RCTs? 

• Right endpoints? 
• Right-sized trials? 
• Right populations? 

• These questions are inter-related 
• Although it seems illogical, will deal with second set first and then 

consider whether part of the long-term solution lies in the answer to 
the first. 
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Right Kinds of RCTs? 
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Right Endpoints 

The Surrogate Endpoint Problem 
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Points 
• Surrogates can be misleading 
• Two ways surrogates could be useful 

• As a predictor of a future clinically relevant event (common usage) 
• As an indirect indicator of a concurrent clinically relevant endpoint 

• E.G., disease progression could in itself be associated with QOL 
deterioration 
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What happened? 
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Where do go from here? 
• Drug approvals based on surrogate endpoints like PFS are not 

going to go away in the foreseeable future 
• Similarly, funding decisions are being made on the basis of data 

from trials where PFS was the primary endpoint 
• Options (not mutually exclusive) 

• Continue to try to persuade regulatory agencies and funders to use 
robust endpoints in decision-making 

• Try to define circumstances where PFS prolongation might be 
clinically meaningful, not as a surrogate for OS, but as an indicator of 
patient benefit or as something that patients value in itself 
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Right Sizing Trials 

Have cancer trials gotten too large? 
And, if so, what should we do about it? 
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Finally, clinicians, investigators, and policy makers should maintain and 
refine perspective on what constitutes a meaningful benefit to patients 
beyond the P value associated with the result. Further research is needed to 
determine whether newly adopted therapies are truly worthwhile to patients. 
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Another (British) perspective 
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Results 
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Conclusion 
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Way forward 
• Dilemma 

• (Too) large trials are resource intensive and may identify as statistically 
significant clinically insignificant results 

• (Too) small trials may produce imprecise or unreliable results 
• Potential solutions 

• In calculating sample sizes, consider whether the smallest difference that 
will be statistically significant will be clinically significant = do small trials 
• “3) You should always ask your statistician “what is the smallest observed 

effect where I reject the null?”. If this value (0.604 X for standard trials, might 
be different in others) is clinically meaningless, you should rethink your 
experiment” (Kert Viele). 

• Do “adequately” sized trials and abandon dichotomania 
• What really matters are the observed results and the confidence limits (or 

credible intervals) around them, not whether an arbitrary threshold has been 
crossed 
• In this context, abandon median differences in favour of restricted means 

• Use Real World Data to complement trial results 
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The Right Populations 



The “Big Data/Real World Evidence” 
Challenge/Opportunity 

Observational vs Experimental Data 



Not a new issue 
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Can RWD/RWE replace RCTs? 
• There are certainly people who believe using RWD/RWE as a 

substitute for RCTs is possible and worth investing in (Roche 
buying Flatiron Health, for example) 
• The FDA has opened the door slightly to using RWD/RWE as a 

substitute for randomized controls in some settings 

• Others believe what David Byar had to say almost 40 years ago is 
still fundamentally true 

• This is a big topic with lots of local expertise, so I thought I would 
focus on a line of thought that you may not be as familiar with, 
i.e., the “causal revolution” 
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The Causal Revolution 
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The Book of Why 
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Another perspective from the other coast 
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Background/Motivation 
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Data science is science’s second chance to get causal inference 
right: A classification of data science tasks 

Miguel A. Hernán,1,2 John Hsu3,4, Brian Healy5,6 
1. Departments of Epidemiology and Biostatistics, 
Harvard T.H. Chan School of Public Health, Boston, MA 

Introduction 
For much of science’s recent history, learning from data was the academic 
realm of Statistics. But, in the early 20th century, the founders of modern 
Statistics made a momentous decision about what could and could not be 
learned from data. They proclaimed that statistics could be applied to make 
causal inferences when using data from randomized experiments, but not 
when using nonexperimental (observational) data. This decision classified 
an entire class of scientific questions in the health and social sciences as 
not amenable to formal quantitative inference. 



JAMA Oncology Reporting Guidelines 
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Use of Causal Language 
Causal language (including use of terms 
such as effect and efficacy) should be used 
only for randomized clinical trials. For all 
other study designs (including meta-
analyses of randomized clinical trials), 
methods and results should be described 
in terms of association or correlation and 
should avoid cause-and-effect wording. 
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https://view6.workcast.net/ControlUsher.aspx?
cpak=7893749515199787&pak=71554402618
55153 

Causal Inference: What If  
Miguel A. Hernán, James M. Robins 
November 10, 2019  

https://cdn1.sph.harvard.edu/wp-
content/uploads/sites/1268/2019/11/ci_h
ernanrobins_10nov19.pdf 

https://view6.workcast.net/ControlUsher.aspx?cpak=7893749515199787&pak=7155440261855153
https://view6.workcast.net/ControlUsher.aspx?cpak=7893749515199787&pak=7155440261855153
https://view6.workcast.net/ControlUsher.aspx?cpak=7893749515199787&pak=7155440261855153


The target trial 
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The target trial–or its logical equivalents–is central to the causal inference framework. 
Dorn (1953), Cochran (1972), Rubin (1974), Feinstein (1971), and Dawid (2000) used 
it. Robins (1986) generalized the concept to time-varying treatments. 

While recognizing that randomized experiments have intrinsic advantages 
for causal inference, sometimes we are stuck with observational studies to answer 
causal questions. What do we do? We analyze our data as if treatment 
had been randomly assigned conditional on measured covariates–though we 
often know this is at best an approximation. Causal inference from observational 
data then revolves around the hope that the observational study can be 
viewed as a conditionally randomized experiment. 
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Questions/Comments? 
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