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When should a trial be 
conducted?

• Rationale for an effect
• Uncertainty about whether or not the 

treatment really works (equipoise)
• A testable, falsifiable hypothesis
• It is reasonable to think that risks are 

smaller than benefits
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Stopping rules

• Undue risk
– Severe adverse events

• Treatment is extremely effective
– Should provide to the control group as well

• Continuing completely ineffective 
treatment

7



Sample size needed (power analysis)
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Sample size

• Endpoints are frequently measured as 
events per person-time

• Sample size estimates will then estimate 
the necessary person-time required to 
detect a difference in rates between 
intervention and control

• A necessary sample size at enrollment is 
calculated, accounting for expected loss to 
follow up
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𝐻𝐻0: µ1 = µ2

Ronald Fisher (1956)

𝐻𝐻𝑎𝑎: µ1 > µ2

𝐻𝐻𝑎𝑎: µ1 < µ2
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𝑝𝑝 < 0.05

Ronald Fisher (1956)
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α: Probability of finding a difference between 
treatments, when there really is none

β: Probability of finding no difference between 
treatments, when there really is one

power: (1 – β) = Probability of detecting a 
difference, when the difference is real
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Sample size needed (power analysis)

Must first specify:
1. How big of a difference to detect
2. Estimate of response (rate) in one group
3. Level of statistical significance 
4. Value of power desired
5. Whether the test should be one- or two-

sided
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RCT results
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Efficacy

• Efficacy: does the intervention work under 
ideal conditions

• Effectiveness: does the intervention work 
under normal conditions

This is a bit of a continuum.
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Efficacy
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Efficacy study Effectiveness study

Question Does the intervention work 
under ideal circumstance?

Does the intervention work in 
real-world practice?

Setting Resource-intensive ‘ideal 
setting’

Real-world everyday clinical 
setting

Highly selected, homogenous 
population Heterogeneous population

Several exclusion criteria Few to no exclusion criteria

Providers Highly experienced and trained Representative usual providers

Strictly enforced and 
standardized Applied with flexibility

No concurrent interventions Concurrent interventions and 
cross-over permitted

Study 
population

Intervention



Comparing groups

• Can use standard epidemiological 
measures. Usually accounting for person-
time.

– Incidence rate
– Mortality rate
– Survival curves
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Kaplan-Meier Curve
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Efficacy

𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑖𝑖𝑖𝑖 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 − (𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑖𝑖𝑖𝑖 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡)
𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑖𝑖𝑖𝑖 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑤𝑤𝑤𝑤𝑤 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
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Efficacy
We are doing a clinical trial for a new rabies vaccine. We have selected 
participants from a colony near the Isle of Dogs, where ravenous canines 
who have acquired rabies infections are highly prevalent. All of the 
participants are runners and as a result of their behavior and their 
environment, they have a high risk of being infected with rabies. Half of the 
participants received the new vaccine whereas the other half received a 
placebo. Those who received the new vaccine had an incidence rate of 200 
per 1000 per year while those with the placebo had an incidence rate of 500 
per 1000 per year. 

𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑖𝑖𝑖𝑖 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 − (𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑖𝑖𝑖𝑖 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡)
𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑖𝑖𝑖𝑖 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑤𝑤𝑤𝑤𝑤 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
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NNT

NNT (number that need to be treated) to 
prevent 1 adverse outcome (such as death)

1
𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑖𝑖𝑖𝑖 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 − (𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑖𝑖𝑖𝑖 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔)
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NNH (number needed to harm): for every 
NNH individuals treated, one will be 
“harmed”
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RCT interpretation

• Remember that well-managed RCTs have good internal 
validity
– For the population being studied, we can be relatively 

sure that causal associations are real

• Conversely, we need to think about how representative 
that population was with regard to other populations
– Frequently have poor or questionable external validity
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RCT interpretation

• Clinical trials have major implications

• Major global, international and national 
policies are based on RCT results

• They have implications for life and death 
situations 
– Not just for individuals but also for populations
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Four phases in testing new drugs
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Phase 1 trials

• Generally small (< 100 sample size)
• Determine safety and evidence of an 

effect
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Phase 2 trials

• Larger than Phase 1 (100 – 200)
• Assess safety, acceptability/tolerance and 

effective dose (amount and frequency of 
dosing needed to be effective)
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Phase 3 trials

• Larger sample size still (500+)
• Assess efficacy, acceptability, side effects 

and complications
• Submission for new drug approval (for 

example to the FDA or WHO)
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Phase 4 trials

• Done in several 1000 volunteers
• Done after a new drug has been approved
• Post marketing trials in the general 

population
• Not a RCT
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How we get new drugs (U.S.A.)
• Submit data (about toxicity, etc.) and proposal to FDA
• Phase 1 studies, usually in healthy volunteers, to determine 

potential side effects, metabolization, excretion (usually takes 
several months)

• Phase 2 begins to assess effectiveness in people who have the 
disease/condition (up to 2 years)

• Meetings between FDA and research team to assess the best 
approach for a Phase 3 trial 

• Phase 3 is larger, assess proper dosing, combination therapies, and 
continues to look at safety and effectiveness (1 to 4 years)

• Afterwards the FDA may approve the drug and Phase 4 studies can 
be conducted in the general population (at least 2 years)

• Entire process takes on average 10 years (and several billion 
dollars)

31



RCT and ethics
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When is it unethical to randomize?

• Known effective treatment

• Personal choice
– contraceptive forms wouldn’t be ethical

• Risks of new treatment likely to exceed risks of 
new treatment

33



Trial registration

• Registration at beginning
– https://clinicaltrials.gov/

• Publication bias

34

𝑝𝑝 ≥ 0.05

https://clinicaltrials.gov/


How we get new drugs (U.S.A.)
• Submit data (about toxicity, etc.) and proposal to FDA
• Phase 1 studies, usually in healthy volunteers, to determine 

potential side effects, metabolization, excretion (usually takes 
several months)

• Phase 2 begins to assess effectiveness in people who have the 
disease/condition (up to 2 years)

• Meetings between FDA and research team to assess the best 
approach for a Phase 3 trial 

• Phase 3 is larger, assess proper dosing, combination therapies, and 
continues to look at safety and effectiveness (1 to 4 years)

• Afterwards the FDA may approve the drug and Phase 4 studies can 
be conducted in the general population (at least 2 years)

• Entire process takes on average 10 years (and several billion 
dollars)
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What kinds of diseases do RCTs focus on?
Who benefits most from most RCTs?

• Based on need or severity of disease?

• Economics

• Ones that pharmaceutical or other medical 
companies think will be cost effective

• Otherwise, we have philanthropists and 
governments
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Paradox

• The RCT is our gold standard

• If we have a treatment (e.g. drug) that we 
believe works really well, we cannot use it 
in a RCT. 
– Meaning, we have no real way to prove that it 

works really well… 
– Or do we?
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Who is OK to study?

• What about pregnant women?
• What about children?
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Lecture summary

• Steps in RCTs
• Power analysis
• Quantifying outcomes
• Phases of trials
• RCT ethics
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• Ebola scenario
• https://www.youtube.com/watch?v=5Kvo9PllfKI
• https://www.youtube.com/watch?v=5Hj4akvDNSs

• Ebola clinical trials
• https://www.youtube.com/watch?v=6Iapce9MkqU

• TB clinical trials
• https://www.youtube.com/watch?v=hCMY1Pf9PKg

41

https://www.youtube.com/watch?v=5Kvo9PllfKI
https://www.youtube.com/watch?v=5Hj4akvDNSs
https://www.youtube.com/watch?v=6Iapce9MkqU
https://www.youtube.com/watch?v=hCMY1Pf9PKg


An example of an RCT from the 
literature
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An example of a RCT
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Scientific papers

• Abstract
• Background/introduction
• Methods (data and analysis)
• Results
• Discussion
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hypothesis
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Pre-specified follow up times and frequencies

48



randomization
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Pre-specified endpoint(s)
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Analysis type
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Trial monitoring and stoppage
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53



results
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Publishing bias

https://www.youtube.com/watch?v=-
RXrGLolgEc

56

https://www.youtube.com/watch?v=-RXrGLolgEc
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