
Presenter: Sureerat Suwatcharangkoon, MD

(Ann Intern Med. 2023;176:536-544)

Assessing Heterogeneity of 
Treatment Effect in Real-World Data

Jodi B. Segal, MD, MPH*; Ravi Varadhan, PhD, PhD*; Rolf H.H. Groenwold, MD, 
PhD; Nicholas C. Henderson, PhD; Xiaojuan Li, PhD; Kaori Nomura, MPH, PhD; 
Sigal Kaplan, PhD; Shirin Ardeshirrouhanifard, PharmD, PhD; James Heyward, 
MHS; Fredrik Nyberg, PhD; and Mehmet Burcu, PhD



Heterogeneity of Treatment Effects (HTE)
• HTE describes how treatment effect varies across patients



What are the Primary Sources of HTE?
• Intrinsic biological characteristics 

• Extrinsic environmental factors 

• Behaviors

• Others
• Treatment access or delivery

• Concomitant therapies

• Clinician expertise

• Site features



What motivates HTE Assessment?
• Postmarketing research
• Treatment risks in subpopulations

• Clinical decision making
• Heterogenous net clinical benefit 



What are the Key Considerations when Using RWD? 

1. Generate a valid estimate of the overall effect across all patients

2. Choose an appropriate approach to addressing missing data

3. Address issues of selection bias when reporting results

4. Consider the risk of measurement biases

5. Assess the sufficiency of information about potential confounders

6. Address potential confounding 



Which Effect Scale should be used 
when Evaluating and Reporting HTE?

1. The additive (absolute) scale is most 
interpretable to guide clinical decisions

2. The additive (absolute) scale may give 
clues about interactions that are likely to 
be etiologic

3. Statistical modeling need not, 
necessarily, be conducted on the same 
scale as that with which results are 
communicated
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What are the Different Objectives of 
Conducting HTE analyses? 

1. To confirm subgroup effects

2. To describe the magnitude of HTE 

3. To discover clinically important subgroups

4. To predict individual effects



Objective 1: 

Confirm Subgroup HTE



Obj 1: Confirm Subgroup HTE
To test whether the treatment effect in any subgroup is different 
from the overall treatment effect

•When there is a signal of possible HTE in a clinical trial—perhaps 
in the confirmatory trials regulators might require for drug 
approval

•When passive surveillance systems suggest possible harm in a 
subgroup



Curr Med Res Opin. 2014 Jun;30(6):1109-19.



Diabetes Obes Metab. 2019 Nov;21(11):2394-2404.



Required Elements 
1. Prespecification of subgroups

2. Scientific rationale and prior evidence for hypotheses

3. Prespecification of the analytic plan

4. Control of family wise type I error

5. The presence of a significant overall treatment effect

6. Adequate power to test subgroup hypotheses



Objective 2: 

Describe the Magnitude and 
Nature of HTE



Obj 2: Describe the Magnitude and Nature 
of HTE

Descriptive HTE
• The process of reporting on TEs, and their CIs, in prespecified 

subgroups but without testing hypotheses about the differences 
between subgroups or about differences between subgroup 
effects and the overall TE

• To estimate and report the magnitude of the TE in known 
subgroups of interest 



Clin Neurol Neurosurg 2022 Nov;222:107469.,  J Am Coll Cardiol. 2017;69(18):2266-75.
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The Four Main Clinical Indications for 
Subgroup Analysis

Lancet 2005 Jan;365(9454):176-86

Potential heterogeneity of treatment effect 
related to risk
- Differences in risks of treatment

- Differences in risk without treatment

Potential heterogeneity of treatment effect 
related to pathophysiology
- Multiple pathologies underlying a clinical syndrome

- Differences in the biological response to a single pathology

- Genetic variation

Clinically important questions related to the 
practical application of treatment
- Does benefit differ with severity of disease?

- Does benefit differ with stage in the natural history of disease?

- Is benefit related to the timing of treatment after a clinical 
event?

- Is benefit dependent on comorbidity?

Underuse of treatment in routine clinical practice 
due to uncertainty about benefit
- Underuse of treatment in specific groups of patients eg, elderly 
people

- Confinement of treatment according a narrow range of values 
of a relevant physiological variable—eg, treatment thresholds 
for cholesterol level or blood pressure



Descriptive HTE Based on Bayesian Methods
• A Bayesian subgroup analysis can be an effective approach for 

descriptive HTE when the subgroups are prespecified in the 
protocol.

• Investigators need only unconfounded subgroup-specific effects, 
and their variances, to use the methodology. 

• These subgroup estimates can be obtained from propensity 
score–based matching or by weighting within each subgroup,



Descriptive HTE Based on Bayesian Methods

Shrinkage estimation
• TE in a subgroup is estimated as a 

compromise between the “raw” or 
“observed” TE in that group and the 
overall (average) TE.

• The degree of compromise depends on 
the size of the subgroup and the 
shrinkage method. The smaller the 
subgroup the greater the compromise.



Descriptive HTE Based on Prognostic and 
Propensity Scores

• Captures HTE dependent on 

• the risk for outcome (a prognostic score)

• the probability that a person receives a treatment of interest 

(a propensity score)



CKD = chronic kidney disease; D:A:D = Data Collection on Adverse Events of Anti-HIV 
Drugs; OR, odds ratio; TDF = tenofovir disoproxil fumarate.

HIV Med 2021 May;22(5):325-333.



*Propensity-stratum-specific-treatment–mortality odds ratio.
†Mean propensity score in percentile.

Am J Epidemiol. 2006 Feb 1;163(3):262-70.



Objective 3: 

Discover Subgroups With Important
HTE



Obj 3: Discover Subgroups With Important
HTE

• To identify subgroups that might 
benefit from treatment more than 
the average patient and with lower 
risk for harm

• There is less concern about adequate 
power and multiple comparisons, 
but attention to bias and 
confounding cannot be ignored

Association of tumor CD155− vs CD155+ with 
progression-free survival in NSCLC patients 

treated with αPD1

Clin Exp Immunol. 2022 Jun 11;208(2):220-232.



Key Elements to Prespecify in Subgroup Search

1. Prespecification

2. Biomarker effects 

3. Interactions

4. Adjusting for multiplicity

5. Bias correction

6. Partition



Key Elements to Prespecify in Subgroup Search

1.Prespecification
• algorithm/methodology to be used for identifying subgroups

• list of biomarkers

• complexity of subgroup definitions

• other options/decisions in the analysis process



Key Elements to Prespecify in Subgroup Search

2. Biomarker effects
allows for separating prognostic biomarker effects from predictive 

biomarker effects.

3. Interactions
allows for multiple biomarkers to be included in the definition of a 

subgroup.



Key Elements to Prespecify in Subgroup Search

4. Adjusting for multiplicity
how statistical significance (i.e., p-values) of a subgroup finding will 

be adjusted for multiplicity.

5. Bias correction
how estimates of treatment effect are corrected for bias due to the 

selection bias associated with searching multiple subgroups.



Key Elements to Prespecify in Subgroup Search

6. Partition
allows for identification of a cut-off value for a continuous 

biomarker that separates lower treatment effects from higher 

treatment effects.



Objective 4: 

Predict Individualized Treatment
Effects



Obj 4: Predict Individualized Treatment
Effects
• Estimate ITE, which rely on modeling assumptions about 

how the TE varies according to individual characteristics

• Individualized estimates = conditional average treatment 
effects (CATEs)



Endocr Pract. 2021 Apr;27(4):334-341.





What is still needed?
• Principled approaches to using information about newly discovered 

subgroups

• Presenting results clearly to decision makers

• A framework for determining whether evidence on HTE is actionable for 
decision makers

• Methods that can incorporate sources of heterogeneity beyond patient 
level characteristics (provider-level and health system–level factors)

• Consensus on methods to evaluate THE => Expert-based guidelines



Conclusion
• The greater heterogeneity among real-world patients 

compared with trial participants creates opportunities to 

generate meaningful evidence for more personalized 
practice decisions

• Consider HTE always when interpreting the results of studies 
and when generating new evidence


