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What is a randomized controlled trial?

 Simplest definition:  Individuals are allocated at 
random to receive one of several interventions 
(at least two total).

 RCT’s are human experiments—the intervention 
is controlled by the investigator: patients & 
doctors don’t get to choose their therapy! 

 RCT’s are usually comparative studies 
(“controlled” in the RCT)
 Uncontrolled trials can be done (e.g. Phase 1 trial)
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Large, simple, multi-national, multi-arm RCT

https://www.who.int/emergencies/diseases/novel-coronavirus-2019/global-research-on-novel-coronavirus-2019-
ncov/solidarity-clinical-trial-for-covid-19-treatments

Outcomes: whether ventilation or intensive care was received, date of discharge, or date and cause of 
death while still in hospital.



Why do we need RCTs?

 No other design can get us close to the 
‘counterfactual’ comparison we need to 
see if an intervention is causally linked to 
a particular outcome
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But, many ethical issues

 Importance of protecting individuals over all 
other considerations

 Importance of informed consent
 When is it acceptable to randomize?
 When is it OK to use a placebo arm?
 When is it OK to use sham procedures?
 When should trials be stopped early?
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What is random allocation?
 Random allocation means that all 

participants have a defined probability of 
assignment to a particular intervention
 Allocation is not determined by the 

investigator, clinicians, or participants
 Allocation is not predictable based on a pattern

Courtesy: J Colford
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What purpose is served by random 
allocation?
 Covariates are 

distributed equally 
across the groups at 
baseline

 Affects both measured 
and, more importantly, 
unmeasured variables

 Table 1 in most RCTs 
will provide a 
comparison of 
treatment and 
comparison groups, 
with p-values

 Random allocation 
also facilities blinding 8

Table 1 from Remdesivir RCT



What elements of a trial can be 
randomized?
 Most common unit is individual patient
 Sometimes groups are randomized=cluster 

randomization
 Examples:  families, schools, towns, hospitals, 

communities
 Worry about contamination in cluster randomization
 Special statistical techniques needed to cope with the 

loss of independence of the individual units

Courtesy: J Colford
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Example of a cluster randomized trial
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How is randomization achieved?
 Two steps involved:

 Generation of allocation sequence
 Implementation of allocation (concealment of allocation)

 While both are important, there is evidence that 
concealment of allocation is more critical

11



12
http://knol.google.com/k/w-kent/why-not-just-flip-a-coin-randomisation/1blm6ty1i8a7z/4#



Concealment of allocation

 If those making the decision about patient eligibility are 
aware of the arm of the study to which the patient will be 
allocated --if randomization is unconcealed-- they may 
systematically enroll sicker-- or less sick-- patients to either 
treatment or control groups. 

 This will defeat the purpose of randomization and the study 
will yield a biased result. 

 Example: RCT of open vs laparoscopic appendectomy 
(example from Users’ Guides):
 trial ran smoothly during the day
 at night, however, the attending surgeon's presence was required 

for the laparoscopic procedure but not the open one; and the 
limited operating room availability made the longer laparoscopic 
procedure an annoyance. 

 reluctant to call in a consultant, and particularly reluctant with 
specific senior colleagues, the residents sometimes adopted a 
practical solution. 

 when an eligible patient appeared, the residents checked the 
attending staff and the lineup for the operating room and, 
depending on the personality of the attending surgeon and the 
length of the lineup, held the translucent envelopes containing 
orders up to the light. 

 as soon as they found one that dictated an open procedure, they 
opened that envelope. The first eligible patient in the morning 
would then be allocated to a laparoscopic appendectomy group 
according to the passed-over envelope 

 If patients who presented at night were sicker than those who 
presented during the day, the residents' behavior would bias the 
results against the open procedure.

Schulz KF, Grimes DA. Allocation concealment 
in randomised trials: defending against 
deciphering. Lancet. 2002 Feb 
16;359(9306):614-8 
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Equal numbers of cards with each group assignment 
number randomly generated by computer were placed in 
sequentially numbered envelopes that were opened as 
the patients were enrolled.



Types of RCT’s—classification 
schemes

 Based on the type of interventions being 
evaluated

 Based on how participants are exposed to 
interventions

 Based on the number of participants
 Based on whether goal is evaluation of 

superiority vs. equivalence
 Based on whether investigators and/or 

participants know which intervention is being 
studied

Courtesy: J Colford
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Types of RCT’s—classification 
schemes
 Based on the aspects of interventions 

being evaluated
 Efficacy vs effectiveness trials
 Superiority vs equivalence vs non-inferiority 

trials
 Phase I, II, III trials

Courtesy: J Colford
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Efficacy vs. effectiveness
 Efficacy—does the intervention work in the 

people who actually receive it?
 These trials tend to be explanatory
 Goal here is high compliance
 Could result in over-estimation of effect

 Effectiveness—how does the intervention 
work in those offered it
 Tend to be pragmatic/real-world
 Effect is more modest

Courtesy: J Colford
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Superiority vs. equivalence vs. non-
inferiority trials
 Superiority trials

 Most RCTs aim to determine whether one intervention is 
superior to another.

 By contrast, equivalence trials aim to determine whether one 
(typically new) intervention is therapeutically similar to another, 
usually an existing treatment.

 A noninferiority trial seeks to determine whether a new treatment 
is no worse than a reference treatment. 
 Because proof of exact equality is impossible, a pre-stated margin of 

noninferiority () for the treatment effect in a primary patient outcome 
is defined.

 Equivalence trials are very similar, except that equivalence is 
defined as the treatment effect being between -and .

JAMA. 2006;295:1152-1160 19



Example of equivalence trial
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Phase I, II, III, IV trials
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Types of RCT’s—classification 
schemes

 Based on how the participants are 
exposed to the intervention
 Parallel trials
 Crossover trials
 Trials with factorial design

Courtesy: J Colford
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Simple, two-arm (parallel) RCT

Hulley et al. Designing Clinical Research. 2nd Edition. Lippincott Williams & Wilkins, 2001
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Cross-over RCT design

Hulley et al. Designing Clinical Research. 2nd Edition. Lippincott Williams & Wilkins, 2001
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Example: Crossover trial
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Factorial RCT design

Hulley et al. Designing Clinical Research. 2nd Edition. Lippincott Williams & Wilkins, 2001
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Example: factorial design that could 
be done
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Azithromycin + Azithromycin -

HCQ + Both drugs Only HCQ

HCQ - Only Azithro Neither drug



Types of RCT’s—classification 
schemes

 Based on the number of participants
 N-of-1 trials to mega-trials
 Fixed size vs Sequential trials

Courtesy: J Colford
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N-of-1 trial
 These can be thought of as a form of crossover trial
 Each participant receives the experimental arm for a period 

of time and then the control/comparison arm during a 
different period of time

 There can be many such periods of time in these studies
 XCCCXXCCXX

 The participant does not know which intervention is 
occurring during each period

Courtesy: J Colford

Eligible patient Drug Placebo Placebo Drug Drug Placebo
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Example: N-of-1 trial
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Mega-trials (“Large simple trials”)
 These studies are 

meant to be HUGE 
but to collect only a 
limited amount of 
data (to make 
them affordable 
and practical)

 Are usually multi-
center

 Can pick up small 
effects

Courtesy: J Colford
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Sequential trial
 Contrast is with the more traditional fixed size trial in which 

the number of participants is determined based on a priori
sample size calculations

 Has a parallel design
 Number of participants is NOT specified before the trial 

begins
 Participants are recruited until the question is answered (or 

it becomes clear that there is no possibility to detect a 
difference between the arms)

Courtesy: J Colford
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Types of RCT’s—classification 
schemes
 Based on who knows what (about the 

intervention that is being assessed)
 Open trials
 Single blind trials
 Double blind trials
 Triple and quadruple-blind trials

Courtesy: J Colford

33



Blinding
 Relevant groups who may/may 

not have knowledge of 
treatment assignments
 Participants
 Investigators/clinicians 

administering intervention
 Investigators assessing outcomes
 Data analyst(s)

 Open label trials
 All participants and investigators 

know who is getting which 
intervention
 E.g. medical vs. surgical treatments

Courtesy: J Colford

Schulz & Grimes.  Lancet 2002
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Single, double, triple, and beyond
 Single-blind

 The participants (usually) or the 
investigators assessing outcome 
(alternately) do not the 
assignments

 Double-blind
 Two groups do not know—

usually it is the participants and 
the outcome 
assessors/investigators

 Triple or quadruple blinding
 Three or four of the relevant 

groups (prior slide) are not 
aware of the treatment 
assignment

Courtesy: J Colford

Forder, MJA, 2005
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Who was blinded?

Patients Care 
providers

Trial 
investigato
rs

Data 
analysts 
(stats)

HCQ (BMJ)

Remdesivir 
(NEJM)

? ?

Lopinavir-
Ritonavir 
(NEJM)
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Blinding

Schulz KF, Grimes DA. Blinding in 
randomised trials: hiding who got what. 
Lancet. 2002 Feb 23;359(9307):696-700 
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Unblinding can introduce bias

 Aspirin Myocardial Infarction Study (AMIS), 1982

 Aspirin/Placebo survival for 3-4 years after 
myocardial infarction

 95 / 285 (33%) deliberately tested the capsule
 Taste, smell, acid test or professional analysis

 67% of testers guessed right (47% of non-testers)

Howard, J et al. 1982 Clin Pharmacol Ther 32(5), 543-53
Courtesy: J Colford
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Concealment of allocation vs. blinding
 Concealment of allocation:

 Procedure to protect the randomization process before the subject 
enters the trial
 Failed concealment from the investigator or clinician
 Failed concealment from the patient

 Concealment of allocation is ALWAYS feasible
 If not done, results in selection bias (randomization benefits are 

lost, and treatment assignment is no longer truly random)
 Blinding:

 Masking of the treatments after randomization (once trial begins)
 Failed masking of patients, investigators, outcome assessors, etc

 Blinding is not always feasible
 If not done, can result in patients biasing their responses because 

of their knowledge of treatment; can also lead to biased outcome 
assessment because investigators have knowledge of treatment
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Bias in RCTs
 Can occur at all phases:  

 Planning, selection of participants, administration of interventions, 
measurement of outcomes, analysis of data, interpretation and reporting of 
results, publication of reports, and even in the reading of the report!

 Selection bias:
 E.g. due to lack of concealment of allocation
 Due to attrition and differential losses

 Information bias:
 Participant response bias (due to lack of blinding)
 Outcome ascertainment bias (due to lack of blinding)

 Bias due to competing interests
 Reporting biases

 Outcome reporting bias, etc

Courtesy: J Colford
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Selection bias
 Definition:  Selection bias is when there are systematic 

differences in the way participants are accepted or 
rejected for a trial, or in how the intervention is assigned 
to participants once they have been accepted

 Don’t get a false sense of security as a result of 
randomization, easy to introduce selection bias in a RCT!

 Example: bias due to lack of concealment of allocation

Gluud, AJE 2006
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Information (reporting, ascertainment or 
detection) bias
 Definition:  Ascertainment bias occurs when the results 

are systematically distorted by knowledge of which 
intervention each participant is receiving

 Can be introduced by the person administering the 
intervention, the participants, the investigator, the data 
analyst, or even the manuscript authors

 Result:  Can exaggerate the effect (away from the null)

Courtesy: J Colford
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How can ascertainment bias be 
minimized?
During….

 Randomization

 Delivery of 
intervention

 Assessment of 
outcomes

 Data 
analysis/manuscript

 Blind the participant as to 
which intervention 
receiving

 Blind the individuals who 
administer the 
interventions

 Blind the individuals who 
record the outcomes

 Blind the statisticians

Courtesy: J Colford
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Other biases

 During the course of a trial - inappropriate handling 
of withdrawals, drop outs, and protocol violations
 Intention to treat analysis – all study participants are 

included in the analyses as part of the groups to which 
they were randomized regardless of whether they 
completed the study or not
 vs. “per protocol” analysis

 Worst case scenario sensitivity analysis – assign the 
worst possible outcome to the missing patients or time-
points in the group that shows the best results and the 
best possible outcomes to the missing patients or time-
points in the group with the worst results 

Courtesy: J Colford
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Bias due to not using intention-to-treat analysis
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Bias due to competing interests

Bekelman, JAMA 2003
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JAMA 2004
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Power & sample size in RCTs

 Power is ability of a trial to pick up a real 
effect, if it actually exists

 E.g. Lopinavir-Ritonavir trial:

 Sample size was set at 160, since it would provide the trial 
with 80% power to detect a difference, at a two-sided 
significance level of α = 0.05

 Difference expected between two arms: 8 days in the median 
time to clinical improvement between the two groups
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How to critically assess an RCT?
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