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Heterogeneity!
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Challenges

• Means-based decision rules:

Is the incremental cost-
effectiveness ratio in the 
population below our 
willingness-to-pay threshold?

• If there is evidence of differences 
across subgroups, guidelines 
recommend stratified analysis:

Is the ICER for this subgroup 
below our willingness-to-pay 
threshold?
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• Test vs. treatment 
population?

• Subgroup-specific 
baseline characteristics?

• Test characteristics?  
• Sensitivity and specificity, 

uncertainty
• Threshold values
• Multiple tests, repeated tests

• Subgroup-specific 
treatment effect?  
Outcomes?

• Subgroup-specific cost?

• Trade-off between greater personalization and increased 
uncertainty

• Gaps in subgroup-specific evidence
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• To review analytical frameworks for valuing heterogeneity in 
economic evaluation

• To consider their relative strengths and weaknesses for 
applications to precision medicine, using methodological 
challenges as a guide.

Objective
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Records identified through 
database search

(n=797)

Records after duplicates 
removed
(n = 545)

Additional records from 
manual search 

(n = 19)

Records excluded
(n = 516)

Records screened
(n = 545)

Abstracts assessed for 
eligibility
(n = 29)

Full-text assessed for eligibility
(n = 32)

Abstracts excluded
(n = 16)

Full-text excluded
(n = 22)

Papers included in review
(n = 10)

• Inclusion criteria: 

Introduce (or add to) an analytical 
framework to conduct economic 
evaluation of a health intervention, 
and that placed a value (cost and 
benefit) on heterogeneous effects

• Exclusion: papers with only cost or 
effectiveness outcomes, papers 
that did not present an empirical 
example, papers that did not 
explicitly address heterogeneity as 
a source of variability

• MEDLINE, Embase, EconLit search 
conducted Nov. 2017
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• Uses regression to adjust for covariates in a net-benefit framework:

𝑁𝑀𝐵𝑖 = 𝐸𝑖𝜆 − 𝐶𝑖

• Uses patient-level treatment, covariate, cost and survival

• Unlike stratified analysis, uses full dataset

• Interaction terms estimate marginal NMB in patient subgroups directly 

1. Regression Methods for Covariate 
Adjustment (Hoch, 2002)
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• Uses net-benefit framework to quantify efficiency gained from stratification

• Defines net-benefit gain from stratification as:

2. Value of Stratification (Coyle, 2003)
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Maximum expected 
NMB in population

Expected maximum
NMB in each stratum

Subgroup:
Usual care
(NMB, $)

New treatment
(NMB, $)

A 5000 8000

B 5000 4000

Total 10,000 12,000

Gain from stratification = (8000+5000) – 12,000 = 1000



3. Expected Value of Individualized Care (Basu, 
2007)

• Move from stratification to 
individualization

• EVIC interpreted as expected cost of 
ignoring heterogeneity, or value of 
developing a ‘perfect’ PM test
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Figure 2a from Basu, 2007



4. Value of Heterogeneity (Espinoza, 2014)

• Defines efficiency frontier comparing 
alternative specifications of subgroups

• Introduces uncertainty with subgroup-
specific EVPI

• Static VOH: value of using existing 
evidence to characterize heterogeneity

• Dynamic VOH: value of collecting new 
evidence to resolve subgroup-specific 
parameter uncertainty
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Figure 3 from Espinoza, 2014



5. Loss w.r.t. Efficient Diffusion Metrics (Kim, 
2017)

• Focus on realized value under 
policy alternatives

• Defines LED as loss of value 
relative to ideal scenario 
(“efficient diffusion”)

• Incorporates heterogeneous 
adoption and adherence 
parameters
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Figure 1 from Kim, 2017



• Ability to use multiple data sources

– Most heterogeneity frameworks use decision models

– Regression methods can use observational data (with bias 
correction), or informative priors in Bayesian framework

• Ability to compare alternative subgroup specifications

– Address optimization problem: how can we maximize net benefit 
with existing heterogeneity factors?

Strengths for use in PM
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• Accounting for parameter uncertainty
– Value of stratification and EVIC do not consider uncertainty

• Accounting for test characteristics
– Only EVIC (2016 follow-up paper) considers sensitivity and specificity < 1, 

uncertain test results

– Regression methods can be used with continuous covariates

• Accounting for cost of identifying subgroups
– In precision medicine, identifying subgroups can be a large component of cost

Common limitations for use in PM
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• Heterogeneity frameworks are a promising approach for 
evaluations of precision medicine

– Ability to value subgroup/individual-based treatment decision will 
facilitate policy discussion

– Choice of framework will vary with decision problem, setting

• No framework addresses all the challenges of evaluation 
precision medicine

– Will need to be adapted, expanded to address limitations

Conclusions
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Thank you!

• Comments? Questions? rpataky@bccrc.ca

• Drs. Dean Regier, Stuart Peacock, Stirling Bryan, Mohsen 
Sadatsafavi

• CIHR Doctoral Research Award

• ARCC is supported by CCSRI grant 2015-703549 

15

mailto:rpataky@bccrc.ca


Framework References

Regression Methods Hoch JS, et al. Health Economics. 2002;11(5):415-30
Willan AR, et al. Health Economics. 2004;13(5):461-75.
Vazquez-Polo FJ, et al. Health Economics. 2005;14(6):545-57.
Nixon RM, Thompson SG. Health Econ. 2005;14(12):1217-29.

Value of Stratification Coyle D, et al. Health Econ. 2003;12(5):421-7.
Sculpher M. PharmacoEconomics. 2008;26(9):799.

Expected Value of 
Individualized Care

Basu A, Meltzer D. Medical Decision Making. 2007;27(2):112-27.
Basu A, et al. Medical Decision Making. 2016;36(5):567-80.

Value of Heterogeneity Espinoza MA, et al. Medical Decision Making. 2014;34(8):951-64.

Loss wrt Efficient Diffusion
Metrics

Kim DD, Basu A. Medical Decision Making. 2017;37(8):930-941.

References

16


