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Many we have been in similar situation ...
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The trial failed! We 

needed 80% efficacy, 

and it’s only 70% ...

... but for women over 50, 

the efficacy is 95%. 

Can we just give it to them?

Example inspired by a talk of Prof Richard Samworth

https://drive.google.com/file/d/1ScAD1cizSjRFFUDWiAn2LK1W29Si9vpr/view


Finding subgroups is the “hardest problem there is” (Stephen Ruberg)

▪ High chances of false negatives due to insufficient sample size
Cinical trials not designed for assessing subgroup treatment effects or testing 
interactions (underpower).

▪ High chances of false positives due to multiplicity
Performing multiple comparisons on unreliable or noisy subgroup treatment effects 
and selecting “the best” can introduce bias (selective inference).

Traditionally in drug development the term subgroup analysis is used for 
investigations related Treatment Effect Heterogeneity (TEH). 

Subgroup analysis in clinical trials
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Issues with Replicability of Subgroup Findings
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Issues with Replicability of Subgroup Findings
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Exploratory assessment of the TEH is important

“ ... ignoring the problem, and 

similarly routinely dismissing 

results of subgroup analysis, is 

no scientific solution.”
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Data alone don’t speak for “themselves” on TEH

▪ If study was not planned for TEH investigation (which is often the case)

▪ Need to take external information into account: historical trials from similar drugs in 
same indication or same drug in other indication (replication), pre-clinical, mechanistic 
understanding, clinical information (biological plausibility).

Without external replication or plausibility, 
     ... data-based findings alone very speculative

We need a systematic framework that considers all these issues

Exploratory assessment of the TEH is important, 
                                                              ... but very challenging



A systematic approach for exploratory projects
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▪ Traditionally the focus of many researchers and analysts has been primarily on 

the “ANALYSIS” stage.

▪ However, to truly get value for our projects, we should approach them 

holistically following some structured frameworks like PPDAC

PROBLEM

PLAN

DATA

CONCLUSION

PPDAC

This systematic approach fosters transparency, 

reducing misunderstanding or errors, and 

allowing better replication of the findings.
ANALYSIS



Workflow for Assessing Treatment effeCt Heterogeneity - WATCH

10



Analysis Planning

Gather background information on study, drug and disease

✓ Protocol(s), SAP, scientific publications 

Involve and align with stakeholders & subject matter experts on

✓ Outcome variables

✓ Studies to include 

✓ Baseline variables/biomarkers to include 

✓ What is TEH (scale) we are interested in, e.g. 

– treatment effect of drug vs placebo, or 

– between different dosages

A-priori evidence for treatment effect modification

• for each variable, document the level of external evidence using categories: 
none, low, moderate, high
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Explore the data without approaching main analysis question 

✓ Univariate summaries of baseline variables/biomarkers 
(eg skewness, missingness,  information, ...)

✓ Dependencies across included baseline variables 
(eg correlated variables, duplicates, ...)

IDA provides a systematic workflow for researchers to work with data 
responsibly

✓  "Ten simple rules for initial data analysis." 
Mark Baillie et al.,
PLOS Computational Biology, 2022

Initial data analysis (IDA)
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Initial data analysis (IDA)
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Analysis Dataset Creation

Preprocess the data based on IDA 

✓ Transform baseline variables (when there is skweness)

✓ Exclude baseline variables (e.g. high missingness, low information, ...)

✓ Merge sparse categories 

✓ Choose between highly correlated variables (e.g. BMI or weight)

✓ Impute remaining missing baseline variables; for outcome variable 
follow estimand strategy
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Explore Treatment Effect Heterogeneity (TEH)

Using stats/ML modelling to answer three questions:

✓ Evidence against homogeneity

Question 1: How strong is the overall evidence against the null hypothesis 
(homogeneous effect)?

✓ Effect modifiers

Question 2: Which variables drive heterogeneity?

✓ Exploratory displays

Question 3: How does the treatment effect change for the identified variables?
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Our approach: create a standard 

prognostic modelling problem by 

using a doubly robust estimator to 

obtain pseudo-observations for the 

treatment effect of each patient.



How strong is the evidence against homogeneity?

▪ Clinical trials are planned in a specific population, and there is prior 

expectation of consistent effect across that population (homogeneity)

▪ We use a global test for testing the null hypothesis of homogeneity:

  𝑿 ⊥ 𝒀 𝟏 − 𝒀 𝟎

▪ Interpret p-value on a continuous scale not as a binary decision rule

▪ p-value as measure of surprise!
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x4p-value = 0.063  ⇒ 

p-value = 0.001  ⇒ x10



Which variables drive heterogeneity?

▪ Identifying effect modifiers is critical towards assessing heterogeneity.

▪ They define subpopulations of heterogeneous treatment effect.

▪ We provide variable importance scores that captures how strongly each 

variable modifies the treatment effect. 
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How the treatment effect changes 
                                  ... for the identified variables?

▪ Present visualizations of how the treatment effect changes with respect to 

the identified effect modifiers.

▪ Starting point for discussions about heterogeneity with the clinical team. 

▪ Methods to determine cut-off subgroups could also be used 

(not in the first step, only after initial discussion).
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Multidisciplinary Assessment

▪ Background information is important to assess credibility of findings

▪ Present outputs to cross-functional team to assess findings credibility

▪ Avoid strong confirmatory language (and discussion around treatment 

effects etc); emphasize need for interpretation taking into account a-priori 

or external evidence

▪ What could be next steps?

▪ None

▪ Analyses to explain specific unexpected results or findings

▪ Update analysis with additional variables; additional endpoints

▪ Team may be interested in a subgroup 

(need to utilize corrected estimates of efficacy in identified subgroups)
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Conclusions
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✓ Understanding how treatment effect varies across patients may influence important 
sponsor decisions 

✓ WATCH provides a systematic approach to explore TEH considering external 
evidence and best scientific understanding. 

✓ Ongoing internal work in various project, to answer various questions, such as:

✓ identify populations with differential treatment effect

✓ identify populations that response better to one dose versus the other

✓ identify populations that manifest specific adverse events

✓ explain multiregional differences (see E17 ICH guideline) 



Thank you

Kostas Sechidis

kostas.sechidis@novartis.com
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