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Subgroup Analysis

Naitee Ting
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All points in the slides represent my personal point of view.  They do not necessarily reflect the position of 
Boehringer-Ingelheim
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Development of an RA drug
• The test drug was developed to treat 

rheumatoid arthritis (RA) and 
osteoarthritis (OA)

• In the 1980’s two classes of RA drugs 
were available
• Non-Steroidal Anti-Inflammatory Drugs 

(NSAID)
• Disease Modifying Anti-Rheumatic Drugs 

(DMARD)
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Development of an RA drug
• NSAID’s are quick acting, symptom 

control, and more on pain relief
• DMARD’s are slow acting (several 

months), and help slow down the 
disease progression
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Development of an RA drug
• The test drug was developed as an NSAID
• A long term protocol compares Test and 

Naproxen (an NSAID) in treatment of RA 
patients 

• Five year study, with primary time point at 6 
months

• Randomized with stratification on DMARD 
usage
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Development of an RA drug
• Primary endpoint is physician 

assessment of disease activity
• No symptom (1), Mild (2), Moderate (3), 

Severe (4) and Very severe (5)
• Test drug -0.76, Naproxen -0.57, 

p=0.0103
• Subgroup analysis – by DMARD usage
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Physician Assessment
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Development of an RA drug
• Test drug has better efficacy than 

Naproxen
• Results from subgroup analysis indicate 

Test drug may be a DMARD
• Further development demonstrate 

DMARD efficacy of the Test drug
• Changed the direction of development 

based on subgroup findings
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Intent-to-treat principle
• Analyze as randomized
• Include all subjects
• Imagine a wonder drug cures 9999 

patients out of 10,000
• One died
• Can we exclude the death as an outlier?
• Report all data – as randomized
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Background
• The primary analysis for a study is 

typically the ITT (or the Full Analysis 
Set), or the PP (Per Protocol) Set

• Any analysis based on part of the entire 
analysis set is considered a subgroup 
analysis

• For example, analysis by gender, by 
age, or by center
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Background
• Reasons of subgroup analysis

• To address particular concerns in some 
specific subgroups

• To explore whether the test drug is more 
efficacious or more harmful in a subset

• To provide supportive evidence to main 
findings

• To generate new hypothesis of drug effect
• To address regulatory queries 
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Guidelines

• Increased attention paid to issue by journals, 
regulators, etc.
• NEJM guidelines (Nov, 2007)
“Investigators frequently use analyses of subgroups of study 

participants to extract as much information as possible. Such 
analyses, …, may provide useful information for the care of 
patients and for future research. However, subgroup analyses 
also introduce analytic challenges and can lead to overstated 
and misleading results.”



14

Guidelines

•ICH E-9
“When exploratory, these analyses should be 

interpreted cautiously; any conclusion of 
treatment efficacy (or lack thereof) or 
safety based solely on exploratory 
subgroup analyses are unlikely to be 
accepted.”

(ICH Harmonised Tripartite Guideline, 1998)
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Confirm or explore?
• Hypothesis testing vs hypothesis 

generating
• Inferential statistics vs descriptive 

statistics
• Regulatory discussion/label language? 

Or scientific interest?
• Designed feature vs post hoc
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Confirm or explore?
• Learning is an exploratory practice
• Or is it data dredging?
• Be clear that this is not confirmatory
• If it turned out that only one of the 

subgroups demonstrate efficacy, the 
regulatory agency may restrict the label
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Purposes of Post-hoc Analyses 
Regulatory requirement

• Overall treatment effect significant in 
complete study:

• Confirm consistency across major 
subgroups.

• Identify safety problems that are limited 
to a subgroup of patients
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Pitfalls of Post-hoc Analyses  

• Post-hoc vs. Pre-specified Analyses
• Post-hoc analyses:

• Often unclear how many were undertaken
• Whether some were motivated by inspection of 

data.
• “… a subgroup is respectable and worthwhile 

when established a priori from 
pathophysiological principles.”
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Example (False Positive)
• Praise I RCT (NEJM, 

1996), Amlodipine vs. 
placebo in 1153 
patients

• Predefined stratification 
(ischemic, non-
ischemic)

• Mortality (non-ischemic 
patients) p < 0.001.

• Study repeated in Praise 
II enrolling non-
ischemic patients.
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• Lack of Power: Chance of missing significant 
effect in a subgroup a function of size
• Aspirin is ineffective in secondary prevention of stroke 

in women (Stroke, 1977, 301-14; NEJM, 1978, 53-59)
• Refuted (BMJ, 1994, 81-106)

• Antihypertensive treatment for primary prevention is 
ineffective in women (BMJ, 1985, 97-104; Ann Intern 
Med, 1991, 287-93) 

• Refuted (Ann Intern Med, 1997, 761-67)
• Statin therapy is ineffective in reducing risk of 

coronary events in women and elderly (JAMA, 1998, 
1615-22; Lancet, 2001, 351-55)

• Refuted (Lancet, 2002, 7-22)

Pitfalls of Post-hoc Analyses  
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Treatment by Factor Interaction
• Do treatment effect differ at each level 

of the factor?
• For example, is the test drug better in 

male and worse in female?
• If test drug is better than placebo in 

both male and female – no interaction
• Regions, geographic areas, or other 

stratification factors



What is a treatment by sex 
interaction?
• When there is no treatment effect, no 

sex effect
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What is a treatment by sex 
interaction?
• When there is treatment effect, but no 

sex effect
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What is a treatment by sex 
interaction?
• When there is no treatment effect, but 

with sex effect
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What is a treatment by sex 
interaction?
• When there is treatment effect, and 

there is sex effect – no interaction
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What is a treatment by sex 
interaction?
• When there is quantitative interaction
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What is a treatment by sex 
interaction?
• When there is qualitative interaction
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Treatment by Factor Interaction
• Another factor is center
• By center analysis is commonly applied
• Treatment by center interaction typically 

not significant for an active treatment
• Descriptive statistics
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Treatment by center interaction
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Power
• The trial is powered to study the entire study 

group
• There is insufficient power to make treatment 

comparisons in any subgroup
• Computing p-values within subgroup is not 

appropriate
• If there is a signal from subgroup analysis, 

design a new study to test this hypothesis
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Power
• In certain situations, the primary 

interest is for a specific subgroup at the 
design stage

• The study should be powered for that 
subgroup

• Stratification is recommended
• Pre-specify the primary analysis is 

based on the subgroup
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Subgroup need to be defined at 
Baseline
• Post baseline characteristics may be 

affected by treatment
• At baseline: trt by factor -> response
• Post baselie: trt -> factor -> response 

(treatment effect not interpretable)
• Analysis of compliance data – may not 

be appropriate
• Analyze as randomized
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Macugen Example
• Macugen was developed to treat age-

related macular degeneration (AMD)
• Primary endpoint is change in visual 

acuity at 54 week post baseline
• Losing 15 letters or more is considered 

a non-responder
• PDT was the only available treatment 

during macugen development
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Macugen Example
• Overall PDT usage is low
• For prior PDT usage or baseline PDT 

usage, there is no treatment by PDT 
interaction

• For post-baseline PDT, Macugen treated 
patients did not receive more PDT than 
sham treated patients

• Macugen treatment effect can not be 
explained by overuse of PDT
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Macugen Example
• Estimates of treatment response in the 

presence or absence of post-baseline 
use of PDT is biased.

• For example, Sham treated patients 
with post-baseline PDT responded less 
well than those without PDT 
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Demonstrating Potential Bias
% of Sham Responders with or 

without post-baseline PDT, Pivotal trials 
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				Controlling for post PDT+0												Controlling for post PDT+0

				no		yes		total								no		yes		total
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Combined analysis
• Subgroup analysis may be performed in 

ISS or ISE
• After pooling across studies, there may 

be sufficient sample size within 
subgroups of interest

• e.g., gender, age, race
• Or other baseline characteristics
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Combined analysis
• In combined analysis, subgroup results can 

also be presented by study to see the 
consistency across studies

• Subgroup findings may be supported by the 
combined results

• If a particular subgroup is of interest before 
designing all relevant studies, it helps to pre-
specify for each study, and how to combine 
them
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Conclusion
• A clinical trial is designed to study the entire 

patient population.  Subgroup analysis are 
mainly exploratory

• If there is a need, it is desirable to pre-specify 
at the design stage

• Results obtained from subgroups may not 
necessarily be replicated

• Potential consequence of restricted labeling



BACK UP
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“The essence of tragedy has been described as the destructive 
collision of two sets of protagonists, both of whom are correct. The 
statisticians are right in denouncing subgroups that are formed 
post hoc from exercises in pure data dredging. The clinicians are 
also right, however, in insisting that a subgroup is respectable and 
worthwhile when established a priori from pathophysiological 
principles.”

A R Feinstein, J Clin Epidemiol 1998; 51: 297–99.
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Purposes of Post-hoc Analyses 
(cont.)

• When overall treatment effect is significant in 
complete study:

• Identify one or more subgroups where treatment 
effect more important clinically. 

• Check efficacy benefits in one or more specific
subgroups where there is prior reason to suspect 
that effect might be reduced or even absent. 

• When overall effect is not statistically 
significant:

• Identify a subgroup where effect is larger and
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Reporting of Subgroup Analyses 
from 59 Clinical Trials:

Source: NEJM guidelines (Nov, 2007) Over 300 subgroup 
analyses were 
generated from the 
59 Clinical trials!
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Reporting of Subgroup Analyses 
from 59 Clinical Trials:
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• Multiplicity
• With multiple 

subgroup 
analyses, 
probability of a 
false positive 
finding substantial.

• With 10 
independent tests 
(α=0.05), chance 
of at least one 
false positive > 
40%.

Lagakos (2006) NJM 354;16

Pitfalls of Post-hoc Analyses
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