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 1073 patients with angiographically-proven CAD

 Randomised to two management strategies

 Planned analyses:

– Primary endpoint: all-cause mortality

– Multivariable survival analysis over 5 years of follow-up

– Biologically-relevant subgroup analyses

A seminal study (1980)



 Generally well-balanced

 Slightly higher prevalence 

of LV impairment in 

Group 2

Baseline characteristics



Primary analysis

 Overall survival similar



 Number of significantly diseased vessels

 Presence or absence of LV impairment

 Symptoms of congestive cardiac failure

Subgroup analyses



 Triple-vessel disease 

and LV impairment 

(n=397)

Subgroup analyses



 …And no established symptoms of CCF (n=298) 

– 3-year survival: 60% vs. 80% (P<0.01)

– Independent of other variables (P<0.01) 

– Still significant after correction for multiple comparisons

Subgroup analyses



 Treatment approach made no difference to survival 

in the population as a whole

 But there was a clinically and statistically significant 

difference in a sizable minority:

– 20% absolute difference at 3 years (NNT 5)

Study conclusion



 What treatment was studied in this trial? 

 What do you think about the analysis and findings?

Interpretation



There was no treatment…

Circulation 1980;61:508-15



 Multiplicity
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The problem of multiplicity

P (positive result) = 1 – 0.95k



0%

20%

40%

60%

80%

100%

0 10 20 30 40 50 60

P
ro

b
ab

ili
ty

 o
f 

at
 le

as
t 

o
n

e 
p

o
si

ti
ve

 r
es

u
lt

Number of independent tests (k)

The problem of multiplicity

P (positive result) = 1 – 0.95k

Lucky number 13…



 Multiplicity is everywhere, both open and hidden

– Multiple questions, subgroups and endpoints

– Multiple methods of analysis

– Multiple trials, published and unpublished

 Multiplicity ‘threatens the validity of every 

statistical conclusion’1

The problem of multiplicity

1. Pharmaceutical Statistics 2007;6:155-60



The problem of multiplicity

Science 2015;349:aac4716
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1. Multiplicity
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 Therapeutic effects are evenly distributed among 

trial participants

 Spread of treatment effects in the trial reflects the 

spread in the population from which it was drawn

The tacit homogeneity assumption



Selection biases
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Centre-biased sample

Treatment effect

F
re

q
u

en
cy

0

Statist Med 1999;18:1467-74



Tail-biased sample
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 Benefit from treatment depends on baseline risk

 Harm from treatment is distributed fairly randomly

Heterogeneity in clinical trials



Heterogeneity in clinical trials
E

ve
n

t 
ra

te

Baseline risk

Harm



Heterogeneity in clinical trials

E
ve

n
t 

ra
te

Baseline risk

Harm

Net benefit

E
ve

n
t 

ra
te

Baseline risk

Harm

Net harm



Heterogeneity in clinical trials
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Treatment of carotid stenosis

0 2 3 4 5 6 7 8 9 101 0 2 3 4 5 6 7 8 9 101

Years after randomisation

Medical

Surgical

Any stroke or operative death

Years after randomisation

Medical

Surgical

<30% stenosis 70–99% stenosis

N Engl J Med 1991;325:445-53



 Heterogeneity of treatment effect within the trial 

sample

Implications of heterogeneity



Look for the test for interaction

N Engl J Med 2016;374:2313-23



 Heterogeneity of treatment effect within the trial 

sample

 Estimates of population parameters

– Biased estimate of mean treatment effect

– Underrepresentation of population hetereogeneity

Implications of heterogeneity
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A new agent to treat migraine

N Engl J Med 2017;377:2123-32



A new agent to treat migraine

N Engl J Med 2017;377:2123-32
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 Hawthorne effects

 Expectation effects

– Placebo effects

– Nocebo effects

Phenomena contributing to ‘placebo’ effects



 Hawthorne effects

 Expectation effects

– Placebo effects

– Nocebo effects

Phenomena contributing to ‘placebo’ effects



Changing behaviour of the placebo group

Pain 2015;156:2616-26



Nocebo effects in multiple sclerosis

Trials of symptomatic therapy

Trials of disease modifying therapy

0 50 100
Pooled estimate of AE rate (%)

Mult Scler 2010;16:816-28



Why even bother with drugs…?

N Engl J Med 2012;367:1198-207

Asthma control questionnaire Change in FEV1



Why even bother with drugs…?

N Engl J Med 2012;367:1198-207

Asthma control questionnaire Change in FEV1

Placebo



Regression to the mean

N Engl J Med 2012;367:1198-207
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 Hawthorne effects

 Expectation effects

– Placebo effects

– Nocebo effects

 Regression to the mean

Phenomena contributing to ‘placebo’ effects



 A purely statistical phenomenon

 Occurs whenever a population is:

– Asymmetrically sampled

– Measured more than once

– Correlation between the measurements is imperfect

 Best handled by comparing to a placebo group

Regression to the mean



 The problems of multiplicity are serious and all-

pervasive

 Understand the implications of heterogeneity of 

treatment effect

 Understand the factors that contribute to ‘placebo’ 

effects

Summary


