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Looking Forward 

• Next few weeks will focus on study design:
• Randomized Controlled Trials
• Cohort studies 
• Case control studies
• Diagnostic studies
• Cross/sectional, surveillance & ecological studies



What is a randomized 
controlled trial (RCT)?

A prospective study that compares the effects of at least two 
different interventions

• Prospective: follow-up of participants from a defined moment of 
their condition

• Interventions: may be drugs, surgical procedures, devices, 
behavioral treatments, and processess of health care. The 
experimental intervention is compared to to the the control 
intervention

• Random allocation: assignment to an intervention
• This is the key feature of randomized trials



Why RCTs/RTs?
The best method to determine:

• Causal relation between exposure and outcome

• The direction and size of such effect

Helps to separate:

• The signal: true effect of the intervention

• The noise: other factors. different from the intervention may 
have similar effects – randomizing usually distributes known and 
unknown confounders between groups



RCTs are the BEST method to 
handle confounding
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Structure of an RCT

Selection

Eligible subjects (meeting 
pre-specified inclusion/ 
exclusion criteria)

Random assignment to 
an intervention

• Experimental group
• Control group

Follow-up to assess outcomes

Comparison of outcome frequency



RCT Design



Types of trials

Basic trial design: 2-arm parallel trial

Advanced trial design:

• Cross-over

• Factorial

• Equivalence, non-inferiority

• Multiple arms 

• Cluster

• Sequential 



Developing a trial question 
PICOT

• Population

• Intervention or exposure

• Control to which the intervention/exposure is compared

• Outcome(s) of interest

• Timing of the trial



Selecting Participants
• Must be decided before the study has started
• There cannot be any subjectivity
• Must be replicable

• Type of participants selected has important implications for 
the external validity (generalizability) of study results
• Community based trial vs. hospital trial
• Pregnant women, children, older adults
• Under-represented minority groups 



Eligibility Criteria
• Also called inclusion and exclusion criteria

• Characteristics that define the individuals you want to participate 
in the study

• Must be explicitly specified in a study protocol, before the study 
begins. Why?
• Allows clear selection of the sample
• Allows homogeneity of the sample
• Allows others to reproduce the study, assess if the sample was 

appropriate for the research question, identifies the individuals to 
whom findings apply



Eligibility Criteria
• Inclusion criteria: participants that have the potential to benefit 

from the intervention and have a high probability of developing 
the outcomes of interest

• Exclusion criteria: 
• Higher risk of unwanted events (allergic reactions, pregnant women, 

children)
• Risk of not complying with the study protocol
• Is not just the opposite of inclusion criteria



Allocation
• Process of allocating participants randomly to the study arm(s) -

- allocate participants via randomization 

• Each participant has a known likelihood  of receiving any of the 
trial interventions (likelihood is usually the same)  
• Allocation is not determined by the investigator, clinicians, or 

participants 
• Allocation is not predictable based on a pattern



Lack of comparability



Why Randomize?
• Prevent bias related to group assignment, all decisions about 

treatment are removed from control of investigators (consciously 
or unconsciously)

• Balances known and unknown prognostic (confounding) factors, 
including time
• Not a guarantee of comparability at baseline because there could be 

chance imbalances

• Facilitates blinding of participants, investigators, assessors

• Increases likelihood of exchangeability and comparability 
between study groups



RCT “Table 1”
• Table 1 in most RCTs will provide a comparison of treatment and 

comparison groups, with p-values

• If randomization has been performed correctly, chance is the only 
explanation for any observed difference between groups

• P-values comparing treatment groups are not informative, yet are 
widely used





Quasi-Randomization
Studies are not considered randomized if the allocation is based 
on:

• Patient order of arrival (alternating)
• Day of the week
• Last digit of an ID or record number 
• Date of birth



Individual vs. group 
randomization

• Can randomize 
individuals or groups
• E.g., families, schools, 

towns, hospitals, 
communities

• Special concerns about 
contamination in 
cluster randomization 
and loss of allocation 
concealment

• Need special statistical 
techniques because 
individuals within the 
cluster are not 
independent of each 
other 



How do we randomize?
• Two steps:

1. Generating allocation sequence
2. Implementation of allocation (allocation concealment)

• Critically important step- without allocation concealment, generating a 
randomized sequence isn’t important.

• Different methods for randomization:
• Simple randomization
• Blocked randomization
• Stratified randomization
• Dynamic or adaptive randomization



Implementing Randomization
• Simple randomization
• Conceptually similar to 

flipping a coin 
• Usually done by a 

computer program 

• Block randomization
• Ensures equal balance of 

study arms throughout 
trial (block of 4 has 2 tx
and 2 control)

• Stratified randomization
• Identify specific 

characteristics (e.g., sex) 
and then randomization 
occurs within strata



Stratified Randomization
• Strata = group 

• Group study participants by specific variables that may affect the 
outcome and then use simple randomization within each stratum

Treatment Control



Randomization Services



Concealment of allocation

• Need to ensure those making decisions about patient eligibility are not 
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
• Defeats the purpose of an RCT

• Best practice: someone other than the investigator to prepare the 
randomization

• The time between the allocation of each subject and the application of 
the intervention should be as short as possible



Strategies for allocation concealment

• Sealed packages with the 
medications

• Randomization at central pharmacy 

• Centralized telephone randomization

• Opaque envelopes, sealed and 
numbered in sequence





Subversion of Randomization





Blinding
• Relevant groups (patients, investigators) do not know which 

group they are assigned to
• Especially important when outcomes are subjective or self-

report
• Participants, investigators, assessors, analysts
• E.g., pain symptoms, quality of life 

• Blinded trial is the opposite of an open trial
• Sometimes impossible to blind participants/investigator 
• E.g., trial of surgical intervention

• Options: single, double, triple/quadruple blinding 



Benefits 



Allocation concealment vs. 
blinding

• Concealment of allocation: 
• Procedure to protect the randomization process before the subject 

enters the trial 
• 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) 
• 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



End of Module 1



Types of RCTs

• Based on the type of interventions being evaluated 
• Efficacy vs effectiveness trials 
• Superiority vs equivalence trials 
• Phase I, II, III, IV trials

• Based on how participants are exposed to interventions 

• Based on the number of participants 

• Blinded vs. open trial



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 

• Effectiveness—how does the intervention work in those offered 
it 
• Tend to be pragmatic
• Real world considerations



Superiority vs. equivalence 
trials

• Superiority trials 
• Intended to determine if new treatment is different from (better than) 

placebo or existing treatment (active control) 
• Null hypothesis is that there is no difference between treatments.
• Alternative hypothesis is that the new treatment is better than the control.

• Equivalence trials
• Intended to determine that new treatment is no worse than active control 
• Null hypothesis and alternative hypotheses are reversed. 
• Null hypothesis is that difference between treatments is greater than X.
• Alternative hypothesis is that difference between treatments is less than X



Why do an equivalence trial?

• Existing effective treatment  (standard treatment)

• Placebo-controlled trial unethical 
• Life-threatening illness. 

• New treatment not substantially better than existing treatment.
• May have fewer side effects, greater convenience, lower cost, higher 

quality of life, or provide an alternative or second line therapy. 



Types of trial design for 
pharmaceuticals

Phase Goal Dose # patients Comments

Phase I Pharamcovigilence, 
tolerability, toxicity, 
some dose finding

Ascending 20-80 Determine if drug 
safe to check for 
efficacy

Phase II Initial efficacy, 
toxicity, dose finding 

Therapeutic 100-300 Determines final 
dose & if drug has 
true efficacy

Phase III Testing for intended 
purpose in clinical 
practice

Therapeutic 1000-3000 Determines drug’s 
efficacy

Phase IV Post-marketing 
surveillance

Therapeutic Anyone Watches for drug 
long term AEs



Classification of trial type: 
participant assignment

• Parallel trials  
• Usually 2 arm RCT design, most common

• Crossover trials
• Intervention switches to control or vice versa

• Trials with factorial design
• Testing more than one intervention or treatment at the same time



Parallel Arm 



Cross-over RCT



Factorial Design 



Type of Trial Outcomes

• Primary: 
•Usually single (or single cluster) 
•Dictates sample size

• Secondary: 
•May be multiple 
•Other important changes that are expected from 

intervention – e.g. adverse events



Choice of Primary Outcome

1. Clinical relevance and target audience (what will 

change practice?)

2. Likelihood of response to intervention

3. Supportive biological rationale

4. Easy to measure in a reliable, valid, non-biased, 

reproducible and economic manner



Special Considerations:
Composite Outcomes

• Use of multiple possible outcomes of interest as one outcome 
which is achieved if any of the individual components is reached 
or realized (e.g. cardiovascular death, MI, CHF, stroke = one 
outcome)

• Measurement scale or index is a special type of composite 
outcome

• Disadvantages: may not make sense; over-interpretation; 
overlook important effects on individual variables



Special Considerations:
Surrogate Outcomes

• An outcome that is often easier and faster to measure that is 
associated with the outcome of interest
• CIMT in CVD trials
• Viral load in HIV trials

• Often faster to enroll, important in life-threatening trials
• Risk of not capturing what is important if outcome also happens as AE –

e.g. arrhythmia, diabetic, CHF drugs

The use of physiological surrogates should be limited to 
those with clear relation to important health outcomes



Ascertainment of Outcome 
Events

• Usually easy for objectively defined and determined events (e.g. 
death)

• Difficult for subjectively determined events (e.g. disease activity of 
Crohn’s disease; patient satisfaction)

• Has it been validated?

• Improving ascertainment
1. “Hard” outcome
2. Clear and objective operational definition of outcome
3. Blinded ascertainment of outcome
4. Adjudication of events



Ascertainment of Outcome 
Events (cont.)

• Must decide how to ascertain outcomes
• Standardized f/u or patient-driven?

• Timing of assessments – figuring best time of follow-up?

• Who will ascertain?  
• Lab, clinicians, self-reported questionnaire?

• What happens when event happens?  
• Typically participant ends study but may continue for 2ndary 

outcomes



Data Collection

• Clinical trials generate reams of data!

• Data management is the process whereby this data is 
collected, reviewed and verified, and managed

• Information is reported using a “case report form”



Data Management

Site enrolls 
patient

Patient generates 
data

Data Entry

Data review

Data validation 
(checks & 
queries) 

Query review 
with site

Database “lock” 
at end of study

Data extraction

Analysis



Interpreting results
Goal is to generalize results beyond the study population



What can the results tell the 
treating physician?



Non-compliance
• Must carefully assess compliance with trial protocol
• Non-compliance comes in several forms
• Drop out or censoring
• Failing to take assigned treatment
• Drop-ins à choosing to take the treatment assigned to the other group

• E.g., Aspirin trial: provided pts with list of medications to specifically avoid, 
urine tests to check

• Non-compliance reduces differences between study group, 
producing a bias toward the null 
• Groups will be less different than you wanted them to be
• Attenuating true effect of treatment



End of Module 2



When is randomization ethical?

• There are many instances when we cannot randomize individuals 

• There are two ‘moral’ considerations when answering the 
question of whether a trial is ethical
• Uncertainty principle
• Clinical equipoise



The uncertainty principle

“Physicians who are convinced that one 
treatment is better than another for a 
particular patient of theirs cannot ethically 
choose at random which treatment to give: 
they must do what they think best for the 
particular patient. For this reason, 
physicians who feel they already know the 
answer cannot enter their patients into a 
trial.” –Richard Peto et al. (1976)



Clinical Equipoise
• Genuine uncertainty exists on the part of the relevant expert 

community about what therapy or therapies are most effective for a 
given condition

• This generates the need for a comparative study (possibly a trial)
• Provides a link between duty of care for a clinician and the need to 

do research
• Main endpoint for both = safety and effectiveness for whatever it is 

that is being offered



The Women’s Health Initiative 
(WHI)



Ethical considerations
Is using a placebo ethical?

• Placebo-controlled trials
• Use of an active treatment comparator in a clinical trial of a new 

therapy is generally the appropriate trial design when an established 
effective therapy exists

• Placebo ok in these circumstances:
• No established therapy
• Existing evidence raises significant doubt by medical experts 

regarding benefit of existing therapy
• Patients are resistant to existing therapy due to previous history
• Patient has provided informed refusal to therapy



Trial Registration

• Requires investigators to pre-register as a tool to avoid publication bias
• Null results are important too
• Prevents “fishing” for significant outcomes



Selective reporting of trial 
results



Assessing the quality of RCTs
• CONSORT statement - improving the quality of reports on RCTS



CONSORT Diagram
http://www.consort-statement.org/


