
Level of evidence of
promising subgroup findings

EFSPI – Recent Developments in Biomarkers and Subgroups in Drug Development – Gothenburg – March 20th 2019 

Julien Tanniou
CIC Inserm 1412, University Hospital Brest

Work performed in collaboration with
Prof. dr. K.C.B. Roes, S. Smid,

dr. S. Teerenstra, and dr. I. van der Tweel.



Subgroup Analyses – Regulatory Perspectives1,2
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- Investigate the consistency of treatment effect across 

subgroups of clinical importance

- Explore the treatment effect across different subgroups within 

an overall non-statistically significant trial

- Evaluate safety profiles limited to one or a few subgroup(s)

- Establish efficacy in the targeted subgroup when included in a 

confirmatory testing strategy of a single trial



Subgroup Analyses – Regulatory Perspectives3,4
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- In case the overall trial is not statistically significant, no further 

confirmatory testing is possible (type I error is exhausted).

Any step further can only be based on a case by case decision:

- A pharmacological rational

- External evidence that the subgroup is a "well-known" entity

- Stratification of the randomisation as an indicator

- Convincing p-value

- Overall outcome should claim that no harm is introduced by the 

experimental treatment. At least a trend toward superior efficacy of 

the experimental treatment for superiority trial

- Good overall safety and subgroup safety

OR

- Replication of promising subgroup findings in an independent trial



Dexamethasone for Cardiac Surgery (DECS) Study5
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- Prophylactic corticosteroids in cardiac surgery to attenuate the 

inflammatory response to cardiopulmonary bypass and surgical 

trauma

- Randomised controlled trial in 4494 patients undergoing 

cardiac surgery with cardiopulmonary bypass

- Single high dose Dexamethasone (1 mg/kg) versus placebo

- Primary outcome: composite of death, myocardial infarction, 

stroke, renal failure, or respiratory failure, within 30 days of 

randomisation



DECS Study – Primary Analysis
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DECS Study – Subgroup Analyses
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DECS Study – Subgroup Analyses
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DECS Study – Subgroup Analyses (2)
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In patients younger than 65 years, the RR for mortality was 0.42 (95% CI, 0.13-

1.34; p=0.13), but it gradually increased with age to 3.87 (95% CI, 1.10-13.6; 

p=0.02) in patients aged 80 years or older (p for trend=0.05).



DECS Study – Subgroup Analyses (3)
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Questions raised:

- How convincing the results concerning patients younger than 

65 years are?

- Does the evidence support a decision to apply Dexamethasone 

in the young but not in the elderly?

Practical context:

- As we will never be able to foresee and pre-plan everything, 

how to deal with observed data post-hoc?
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Overall Type I Error6
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Under the null hypothesis,                                                       can 

be derived from the joint distribution of                 and 

which is N (0, Σ) with

From this result, the correlation between                and 

is √p. Therefore, it is expected that a higher p will result in a 

smaller                                                       , and hence a smaller

overall type I error.
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Theoretical Overall Type I Error (one subgroup)
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Overall Type I Error (more than one subgroup)7
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Number of 

subgroup(s)

Proportion of the subgroup(s) of interest

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

1 0.047 0.046 0.045 0.043 0.042 0.040 0.038 0.035 0.032

2 0.068 0.065 0.062 0.060 0.057 0.053 0.049 0.044 0.038

3 0.088 0.084 0.080 0.077 0.071 0.065 0.059 0.052 0.043

5 0.129 0.121 0.111 0.106 0.095 0.086 0.075 0.065 0.051

10 0.214 0.201 0.180 0.163 0.146 0.124 0.107 0.087 0.064

20 0.358 0.312 0.275 0.247 0.209 0.176 0.147 0.113 0.077



Overall Type I Error (more than one subgroup)7
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Number of 

subgroup(s)

Indep

Tests

Proportion of subgroup(s) of interest

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

1 0.049 0.047 0.046 0.045 0.043 0.042 0.040 0.038 0.035 0.032

2 0.073 0.068 0.065 0.062 0.060 0.057 0.053 0.049 0.044 0.038

3 0.096 0.088 0.084 0.080 0.077 0.071 0.065 0.059 0.052 0.043

5 0.141 0.129 0.121 0.111 0.106 0.095 0.086 0.075 0.065 0.051

10 0.243 0.214 0.201 0.180 0.163 0.146 0.124 0.107 0.087 0.064

20 0.412 0.358 0.312 0.275 0.247 0.209 0.176 0.147 0.113 0.077



DECS Study – Monotonic Trend
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Monotonic Trend – Observed7
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Scenarios 1-3: observed trend in the data across subgroups:

1. RR1 < RR2 < RR3;

2. OR1 < OR2 < OR3;

3. RD1 < RD2 < RD3.



Monotonic Trend – Observed + Interaction
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Scenarios 4-6: observed trend in the data across subgroups 

supported by a statistically significant interaction test:

4. RR1 < RR2 < RR3 and a statistically significant interaction 

(Poisson regression analysis);

5. OR1 < OR2 < OR3 and a statistically significant interaction 

(logistic regression analysis);

6. RD1 < RD2 < RD3 and a statistically significant interaction 

(binomial regression analysis).



Monotonic Trend – Observed + Subgroup
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Scenarios 7-9: observed trend in the data across subgroups 

supported by a statistically significant test for the effect in the most 

promising subgroup:

7. RR1 < RR2 < RR3 and a statistically significant effect for the 

most promising subgroup;

8. OR1 < OR2 < OR3 and a statistically significant effect for the 

most promising subgroup;

9. RD1 < RD2 < RD3 and a statistically significant effect for the 

most promising subgroup.



Monotonic Trend – Simulations
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Monotonic Trend – Simulated Proportions
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Monotonic Trend – Results
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Monotonic Trend – Results
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Monotonic Trend – Results
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Conclusions 
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- The purpose of subgroup investigations should be made clearly 

at the design stage2,3,8

- Subgroup investigations in overall non-statistically significant 

studies are exploratory only

- Concept of credibility is of paramount importance

- Overall type I error not as high as one would expect due to 

correlation between test statistics, especially when multiple 

subgroups are investigated

- When a covariate is composed of more than two subgroups, 

such as biomarker levels, several options exist



Conclusions 
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- An observed (monotonic) trend across subgroups together with 

a statistically significant treatment effect in the most promising 

subgroup might indicate the presence of a potential signal

- Non-statistical considerations such as the 

biological/pharmacological rational, together with (at least 

partial) replication of the subgroup finding(s) should be 

provided to strengthen the subgroup finding
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