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What is randomization? 

Treatment/Intervention

No Treatment/Intervention
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These study 
participants will all be 
randomly assigned to 

treatment groups



Why randomize?
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Exercise

No Exercise

I will study if people 
who exercise more 
get less coronary 

heart disease! 

Where is the problem with this study design?
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Why randomize?
In order to proof that an effect is causal, the two populations 
(i.e. exposed and unexposed) need to be EXCHANGEABLE

exposed

impossible 
COUNTERFACTUAL

one and same group

Time Travel

unexposed

Randomized Trial

exposed

unexposed

other influences causing the 
disease

Cohort study

exposed

unexposed

In order to get at causal interference in 
cohort studies, you have to deal with 

confounding, you will learn this in EPI 203

We will let you know immediately when 
we figured this out, should be soon….

TODAY in EPI 204



Blinding
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Patient Provider Person assessing the outcome

• Prevents differences due to placebo 
effect


• Very important for subjective 
measures


• Getting study drug outside of the trial 
(controls)

• Helps avoid co-interventions • Prevents observer bias

• More important for subjective measures

• Not so important for objective 

measures

What about mortality?



Blinding
6

Patient



Blinding
7

Person assessing the outcome 



Issues with blinding
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Patients may be able to 
tell they are on drug

Part of the causal effect of treatment may be related to 
knowing you are on treatment


I feel nauseated and 
tired, I must be on the 

treatment drug

side effects treatment looks better i.e. Meniscus surgery

I did not get surgery, 
my knee pain is still 

terrible

I got surgery, that 
really helped my knee 

pain
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Issues with RCTs?
In order to proof that an effect is causal, the two populations 
(i.e. exposed and unexposed) need to be EXCHANGEABLE

exposed

impossible 
COUNTERFACTUAL

one and same group

Time Travel

unexposed

Randomized Trial

exposed

unexposed

other influences causing the 
disease

Cohort study

exposed

unexposed

In order to get at causal interference in 
cohort studies, you have to deal with 

confounding, you will learn this in EPI 203

We will let you know immediately when 
we figured this out, should be soon….

TODAY in EPI 203
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Issues with RCTs?

exposed

unexposed

Perfect randomization, perfect blinding

Subjects Treatment variable Outcome variable
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Issues with RCTs?

Subjects Is the study population representative of the 
population the results of the study will be 
applied to?

• Select patient most likely to benefit from 
treatment and least likely to have adverse 
effects

• Groups under-represented
Children
Elderly
Women
Comorbid conditions
On other meds 
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Issues with RCTs?

exposed

unexposed

Perfect randomization, perfect blinding

Subjects Treatment variable Outcome variable
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Issues with RCTs?

Treatment variable

Study drug
Dose 

Comparator
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Issues with RCTs?

exposed

unexposed

Perfect randomization, perfect blinding

Subjects Treatment variable Outcome variable
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Issues with RCTs?

Outcome variable• Surrogate outcomes
✓Presumed to be associated with the outcome of interest, 

✓more easily measured
✓occurs sooner

• Composite outcomes
✓Several bad outcomes grouped into one composite outcome
✓Can lead to combining outcomes of varying importance: 

Death vs. multiple hospital re-admissions
✓Can be misleading if individual components of composite 

outcomes are not reported
✓
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Issues with RCTs?

• Outcome is risk factor rather than disease: 
✓Blood pressure instead of stroke

• Outcome is marker of disease severity rather than morbidity/
mortality from disease
✓Viral load instead of morbidity from AIDS
✓HbA1C rather than morbidity from diabetes

Surrogate outcomes: examples
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Issues with RCTs?

Surrogate outcome: The CAST trial

• Asymptomatic premature ventricular contractions after myocardial infarction increase 
risk of sudden death


• Surrogate outcome: PVC burden
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Issues with RCTs?

Composite outcome: The ACCORD trial

Pre-specified primary composite outcome 
Nonfatal MI


Nonfatal stroke

Cardiovascular death
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Issues with RCTs?

Composite outcome: The ACCORD trial

After 3.5 years… 
Non-significant reduction in the risk of the primary composite outcome


But….. 
1% decrease in the risk of nonfatal MI (3.6% vs. 4.6%; p= 0.004)

1% increase in risk of cardiovascular death!! (5% vs. 4%, p= 0.04)


Masked an increase in total mortality! 
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Issues with RCTs?
Composite outcome: A common problem

• Systematic Review of 114 randomized 
trials of cardiovascular interventions


• 68% of the studies reported results for 
each component of the composite 
outcome


• Outcomes of greater importance such 
as death were associated with smaller 
relative treatment effects than less 
important outcomes

I. Ferreira-González et al. Problems with use of composite end points in cardiovascular trials: systematic review of 
randomised controlled trials. BMJ 2007.
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Issues with RCTs?

Composite outcome

• Important to ‘decompose’

• Can mask important effects of therapy 

✓No effect on important outcomes

✓Negative effect on important outcomes
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Issues with RCTs?

exposed

unexposed

Subjects

Treatment variable

Outcome variable

Randomization? 
Blinding?

Study drug? 
Dose? 

Comparator?

Surrogate outcome? 

Composite outcome?

Subjects representative 
of target population? 

Underrepresented 
groups?
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Analysis of RCTs

Intention to treat

As treated


Per protocol

Problem: Subjects don’t always stay in the assigned group
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Hip replacement

Randomization

Hip screw

These patients
randomized to the 
hip replacement 

group are too sick 
for the hip 

replacement - 
they will get a 

hip screw

Analysis of RCTs
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Analysis of RCTs

Intention to treat 
All subjects are analyzed according to the randomization group
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Analysis of RCTs

As treated 
Subjects are analyzed according to treatment received
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Analysis of RCTs

Per protocol 
Only subjects treated according to the study protocol are analyzed
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Analysis of RCTs

Intention to treat
all subjects are analyzed 
according to the 
randomization group

Per protocol
Only subjects treated 
according to the study 
protocol are analyzed

As treated
Subjects are analyzed 
according to treatment 
received

A

B

C

Bias in favor of hip replacement

Bias in favor of hip replacement
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Analysis of RCTs: Pitfalls

• Sub-group analysis


• Multiple Comparisons


• Between- vs. within-group comparisons
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Analysis of RCTs: Pitfalls

Sub-group analysis 
Presenting results within a particular subgroup of subjects (bound to find something interesting) 

Aspirin therapy (one month of 160 mg/day) in patients with acute myocardial infarction 
(AMI) reduced 30-day cardiovascular mortality from 11.8% in the placebo group to 9.4% 

in the aspirin group. 
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Analysis of RCTs: Pitfalls

Sub-group analysis 
Presenting results within a particular subgroup of subjects (bound to find something interesting) 

ISIS-2 30-day mortality

Overall Geminis and 
Libras Other signs

Aspirin 9.4% 11.1% 9.0%

Placebo 11.8% 10.2% 12.1%
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Analysis of RCTs: Pitfalls

Multiple comparison 
Looking at multiple different outcomes in multiple different groups in multiple different 

ways (need to adjust for this) 

Glaxo-Smith Kline funded study on depression in adolescents concluded that 
Paroxetine "generally well-tolerated and effective for major depression in adolescents”
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Analysis of RCTs: Pitfalls

Multiple comparison 
Looking at multiple different outcomes in multiple different groups in multiple different 

ways (need to adjust for this) 

• Independent analysis: 20 outcome measures had been added to 
the 8 original outcomes


• Only highlighted those that were favorable! 


• GSK paid a fine of $3 billion (which was a fraction of the sales 
from this drug– $27.9 billion)
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Analysis of RCTs: Pitfalls

Within group comparison 
Comparing multiple time points within the treatment group
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Analysis of RCTs: Pitfalls

Within group comparison 
Comparing multiple time points within the treatment group

Percent Atheroma Volume in the Target Coronary Segment

N Baseline Follow-Up Change P Value*
Placebo 11 34.8 34.9 0.1 0.97

ApoA-I Milano

15 mg/kg 21 39.7 38.4 -1.3 0.03

45 mg/kg 15 37.9 37.2 -0.7 0.45

Combined 36 39.0 37.9 -1.1 0.02
*P values for within-group comparison from Wilcoxon signed rank test.  
For between-group comparison, P = 0.29
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Issues with RCTs?
Analysis Design and Execution

Intention to treat
all subjects are analyzed 
according to the 
randomization group

Per protocol
Only subjects treated 
according to the study 
protocol are analyzed

As treated
Subjects are analyzed 
according to treatment 
received

A

B

C

Subgroup analysis? 
Multiple comparison? 
Within group comparison?
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Loss to follow-up in RCTs

• Reduces power


• May introduce bias
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Loss to follow-up in RCTs

Solution: 

1. Sensitivity Analysis

Worst case scenario analysis (extreme): Poor outcomes for all losses in 
Tx group & good outcomes for all losses in control group

2. Compare subjects that remained in the study vs. lost to follow up 
(similar or different?)



39

Break
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Quantifying Treatment Effects

Poor outome No poor outcome

Treatment A B

Control C D

RT = Risk in Treatment Group = a/(a+b)
Rc = Risk in Control Group = c/(c+d)

RR = Rt/Rc = a/(a+b)/c/(c+d)
RRR = 1- RR

ARR = - Risk Difference = - (RT - RC)= Rc - RT = c/(c+d) – a/(a+b)
NNT= 1/ARR

OR= ad/bc
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Astma 
exacerbation

No Asthma 
exacerbation Total

Fluticasone + 
Salmeterol 480 5354 5834

Fluticasone 
alone 597 5248 5845

ARR = - Risk Difference = - (RT - RC) =  -(8.2%-10.2%) = 2.0% 
(over 6 months)

NNT= 1/ARR = 1/0.02 = 50 for 6 months

RT = Risk (Fluticasone+Salmeterol) = 480/5834= 8.2%
Rc = Risk (Fluticasone alone) = c/(c+d) = 597/5845 = 10.2%

RR = Rt/Rc = a/(a+b)/c/(c+b) = 8.2%/10.2%= 0.81
  
RRR = 1- RR = 1-0.81 = 19%

Meaning of NNT?

Quantifying Treatment Effects
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Quantifying Treatment EffectsQuantifying Treatment Effects

Number Needed to Treat (NNT)

• Number needed to treat to prevent one bad outcome


• Lower the # the better


• Specify the follow-up time, the bad outcome being prevented 
and the characteristics of the people being treated


• Round to the nearest integer (since talking about people) 
especially when talking to patients


•
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Quantifying Treatment EffectsQuantifying Treatment Effects

Relative and Absolute Risk Reduction
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Quantifying Treatment EffectsQuantifying Treatment Effects

Relative and Absolute Risk Reduction

RR = 22%/33% = 0.66
RRR = 1-0.66 = 34%
ARR = 33% - 22% = 11%

22% 33%
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Quantifying Treatment EffectsQuantifying Treatment Effects

Relative and Absolute Risk Reduction

• Relative risk reduction will always appear more impressive than absolute 
risk reduction

• Absolute risk reduction takes into account baseline risk (of control group)
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Quantifying Treatment EffectsQuantifying Treatment Effects

Relative and Absolute Risk Reduction

“At 12 months, the rate of revascularization of the target lesion was 70 
percent lower in the iridium-192 group than in the placebo group”.


After cleaning out blocked bypass graft, how many do we have to treat with 
iridium to prevent one revascularization procedure (of the target lesion)?


You need to calculate NNT
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Quantifying Treatment EffectsQuantifying Treatment Effects

Number Needed to Treat

RRR = 1-(Rt/Rc)
RRRxRc = 1xRc-1(Rt/Rc)xRc
RRRxRc = Rc- Rt

ARR = RRR × Riskcontrol 

NNT= 1/ARR
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Quantifying Treatment EffectsQuantifying Treatment Effects

Relative and Absolute Risk Reduction

“At 12 months, the rate of revascularization of the target lesion was 70 
percent lower in the iridium-192 group than in the placebo group”.


After cleaning out blocked bypass graft, how many do we have to treat with 
iridium to prevent one revascularization procedure (of the target lesion)?


You need to calculate NNT
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Quantifying Treatment EffectsQuantifying Treatment Effects

Relative and Absolute Risk Reduction

“At 12 months, the rate of revascularization of the target lesion was 70 
percent lower in the iridium-192 group than in the placebo group”.


The baseline risk (i.e., risk in the placebo group) was 57%.

After cleaning out blocked bypass graft, how many do we have to treat with 
iridium to prevent one revascularization procedure (of the target lesion)?
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Quantifying Treatment EffectsQuantifying Treatment Effects

Relative and Absolute Risk Reduction

Baseline 12-month risk of revascularization = 57%

RRR = 0.70


ARR = RRR × Riskcontrol 
ARR = 0.70 × 0.57 = 0.40

NNT = 1/0.40 = 2.5


Need to treat 2.5 unclogged grafts with radiation to prevent 1 from needing 
revascularization of the target lesion in the next 12 months. 
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Quantifying Treatment EffectsQuantifying Treatment Effects

Odds Ratio
• OR not necessary to report in clinical trials


• Often reported since always further from 1 than the RR


• Inflates the apparent effect size


•

Major Cardiac 
Event

No Major 
Cardiac Event Total

Irradiation 19 41 60

Placebo 38 22 60

RR = (19/60)/(38/60) = 0.50 
OR = (19/41)/(38/22) = 0.27
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Quantifying Treatment EffectsQuantifying Treatment Effects

Incorporating Cost

NNT= # needed to treat to prevent one bad outcome

C= cost to treat one patient

NNT x C= treatment cost to prevent one bad outcome = CBOP

•
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Quantifying Treatment EffectsQuantifying Treatment Effects

CBOP

https://www.shopcbop.com https://cbop.audubon.org
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Quantifying Treatment EffectsQuantifying Treatment Effects

Flu + 

Contact

Flu – 

Contact Totals

Tamiflu 3 206 209

Placebo 26 180 206

Flu + 

Contact

Flu – 

Contact Totals

Tamiflu 1 283 284

Placebo 8 248 256

Index case Proven Flu + Index case NOT Proven Flu +

RiskT= 3/209 = 1.4%

RiskC= 26/206= 12.6%


RR= 1.4%/12.6%= 11%

RRR= 1-11%= 89%


ARR= 12.6%-1.4%= 11.2%

RiskT= 1/284 = 0.35%

RiskC= 8/256= 3.1%


RR= 0.35%/3.1%= 11%

RRR= 1-11%= 89%


ARR= 3.1%-0.35%= 2.7%
Why is ARR 
different? 
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Quantifying Treatment EffectsQuantifying Treatment Effects

Incorporating Cost

Flu + 

Contact

Flu – 

Contact Totals

Tamiflu 3 206 209

Placebo 26 180 206

Flu + 

Contact

Flu – 

Contact Totals

Tamiflu 1 283 284

Placebo 8 248 256

Index case Proven Flu + Index case NOT Proven Flu +

ARR= 12.6%-1.4%= 11.2%

NNT= 1/11.2%= 9

Cost= 9*$40= $360


It costs about $360 to prevent a case of flu 
in household contacts


ARR= 3.1%-0.35%= 2.7%

NNT= 1/ 2.7%= 37

Cost= 37*$40


It costs about $1480 to prevent a case of 
flu in household contacts

Tamiflu prophylaxis $40
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Quantifying Treatment EffectsQuantifying Treatment Effects

Incorporating Cost

CBOP: Is it worth it?

Introducing BBOP
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Introducing BBOP



58

Quantifying Treatment EffectsQuantifying Treatment Effects

Incorporating Cost

CBOP: Is it worth it?

Depends on BBOP= Benefit per Bad Outcome Prevented


BBOP= $1080


BBOP>CBOP= treat!
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Quantifying Treatment EffectsQuantifying Treatment Effects

Incorporating Cost

Treatment Threshold

If BBOP>CBOP, at what probability of disease would 
benefits outweigh costs?

What is the treatment threshold (PTT)?


PTT= C/C+B


We know C ($40), but what is B?
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Quantifying Treatment EffectsQuantifying Treatment Effects

Incorporating Cost

What is B?

B = expected benefit of treatment


B =    BBOP    X    ARR    -       C

Benefit of 

preventing a 
bad outcome

Absolute Risk 
Reduction (how 

much does 
treatment reduce 

the risk)

Cost
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Quantifying Treatment EffectsQuantifying Treatment Effects

Incorporating Cost

Treatment Threshold

B = BBOP X ARR – C

ARR = 1/NNT

B = BBOP/NNT- C

PTT = C/(C+ BBOP/NNT-C) = C/(BBOP/NNT)

PTT = C X NNT/BBOP


PTT = CBOP/BBOP
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Quantifying Treatment EffectsQuantifying Treatment Effects

Incorporating Cost

Back to the Flu example

Treatment cost = $40

BBOP = $1080

NNT= 9

PTT= 9*40/1080= 0.33


If you treat household contacts when the index cases’s 
probability of the flu is 33% or higher, you will not spend 
more than the BBOP of $1080 to prevent a case of flu
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Quantifying Treatment EffectsQuantifying Treatment Effects

Number Needed to Harm

Adverse effects of treatment

Trade-off between side effects and outcome prevention

10/19/18, 1:27 PMTrulance (plecanatide) | CIC Treatment and IBS-C Treatment

Page 1 of 3https://www.trulance.com/?gclid=EAIaIQobChMIyuXnz6qT3gIVhcJkCh2SXQuSEAAYASAAEgKBnfD_BwE&gclsrc=aw.ds

Example: 
Plecanatide (Trulance) to treat chronic 
constipation

Unintended side effect: Diarrhea
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Quantifying Treatment EffectsQuantifying Treatment Effects

Number Needed to Harm

Diarrhea No Diarrhea Total Risk

Plecanatide 28 446 474 5.9%

Placebo 6 452 458 1.3%

RR = 5.9%/1.3% = 4.5

ARR = 1.3%-5.9% = -4.6%


ARI = 5.9%-1.3% = 4.6%

NNH = 1/ARI = 21.7

For every 22 patients treated , we will cause one 
additional case of diarrhea
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Quantifying Treatment EffectsQuantifying Treatment Effects

Number Needed to Harm

The Trade Off

Trade-off between side effects and primary outcome prevention

Harms/Bad outcome prevented= ARI/ARR or NNT/NNH


Trulance example:  
NNT for primary outcome 9.3

NNH: 22

NNT/NNH = 9.3/21.7 = 0.43

We cause 0.43 cases of diarrhea for each durable responder
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Conclusions

Design, Execution and Analysis of RCTs Treatment Effects in RCTs

•ARR takes baseline risk into account 

•Practical results: 
NNT 
CBOP, BBOP 
ARI and NNH 


