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Incorporating evidence on 
effect-heterogeneity in CEA



> Cost-effectiveness analysis is beginning to play a major role in 
decision-making for private and some public plans in the US

Background
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Criticisms
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> Relying on average cost-effectiveness of a new technology have been 
criticized in the presence of heterogeneity

> Consider three issues in this talk:
– Stochastic (first-order) uncertainty vs variability

– Implication for learning by doing

– Demand-weighted cost-effectiveness analysis

> Its relationship to indication-based pricing 

Premise
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> Stochastic (first-order) uncertainty

– Represents uncertainty in subject-level outcomes that is entirely due to chance.

– E.g. even if you specify that subjects have a 5% chance of death, for any single 
individual at any point in time, either he dies and stay alive.

> This uncertainty is due to pure randomness (e.g. flipping a coin) –
UNPREDICTABLE

> Cannot be used as a basis to allocate resources

Stochastic (first-order) uncertainty vs variability
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> Variability

– PREDICTABLE differences in outcomes and costs for subgroups determined by 
subject characteristics

> Important for resource allocation

– Heterogeneity may also arise due to system characteristics and also individual 
preferences

> Efficient allocation of resources should try to directly incorporate 
variability in decision-making 

Stochastic (first-order) uncertainty vs variability
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Faria et al VIH 2014
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https://www.nice.org.uk/guidance/ta278/
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Learning-by-Doing
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> Physician and patients learn from the random variation in outcomes 

> Develop algorithms to identify subgroups with higher/lowed than 
average outcome

> Should resource allocation be generous up-front to allow for learning?

– Fundamentally a trade-off between current health & costs and future health

– Depends on expected quality-of-learning and the rate of learning

– Empirical evidence suggest that learning exists but far from perfect.

Learning-by-Doing:
Transition of Stochastic Uncertainty to Variability
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> Centralized learning from doing
– Learning during the outcomes-based 

agreement
– Tuesday Poster 3:00 – 7:00 pm

> Needs structure
– Determine time for learning
– Select methods to learn faster
– Have explicit decision-making tied to the end of 

learning period

Structured learning-by doing
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Demand-weighted CEA
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> Evidence on variability is important even if

– there is no learning-by-doing

– there is no opportunity to implement sub-group-based coverage

Demand-weighted cost-effectiveness

Medical Decision Making 2017
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ICER for Alternative Treatments

Typical ICER compares Treatment A vs B

Pj = Size of Subgroup j

• Suppose, clear evidence on variability in ICER across 
subgroups.

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 =
)𝐼𝐼 𝐼𝐼𝐴𝐴 − 𝐼𝐼(𝐼𝐼𝐵𝐵
)𝐼𝐼 𝑄𝑄𝐴𝐴 − 𝐼𝐼(𝑄𝑄𝐵𝐵

=
𝐼𝐼(∆𝐼𝐼𝐴𝐴𝐵𝐵)
𝐼𝐼(∆𝑄𝑄𝐴𝐴𝐵𝐵)

=
∑𝑗𝑗{𝑃𝑃𝑗𝑗�𝐸𝐸(∆𝐶𝐶𝐴𝐴𝐴𝐴,𝑗𝑗)}
∑𝑗𝑗{𝑃𝑃𝑗𝑗�𝐸𝐸(∆𝑄𝑄𝐴𝐴𝐴𝐴,𝑗𝑗)}

j = 1,2,3
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ICER for Alternative Treatments

• ICER comparing potential realized value of Treatment A vs B

• 𝐷𝐷𝑗𝑗: the rate of adoption of treatment A in the population 
subgroup j 

• Similar to “Volume weighted price” across indications

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 =
∑𝑗𝑗{𝑃𝑃𝑗𝑗�𝑫𝑫𝒋𝒋�𝐸𝐸(∆𝐶𝐶𝐴𝐴𝐴𝐴,𝑗𝑗)}
∑𝑗𝑗{𝑃𝑃𝑗𝑗�𝑫𝑫𝒋𝒋�𝐸𝐸(∆𝑄𝑄𝐴𝐴𝐴𝐴,𝑗𝑗)}

(4)
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ICER for Alternative Policies

• The Rate of the uptake is endogenous to the policy
• So ICER should be comparing two coverage policies – Policy k vs 

Status quo

• 𝑓𝑓𝑘𝑘: a fraction of the incremental costs under a policy k borne by a 
payer

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑘𝑘 =
�∑𝑗𝑗 �𝑃𝑃𝑗𝑗 � 𝐷𝐷𝑗𝑗𝑘𝑘(𝑓𝑓𝑘𝑘) � 𝐼𝐼(∆𝐼𝐼𝐴𝐴𝐵𝐵,𝑗𝑗) � 𝑓𝑓𝑘𝑘

�∑𝑗𝑗 �{𝑃𝑃𝑗𝑗 � 𝐷𝐷𝑗𝑗𝑘𝑘(𝑓𝑓𝑘𝑘) � 𝐼𝐼(∆𝑄𝑄𝐴𝐴𝐵𝐵,𝑗𝑗
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Future Work in CEA

• To use demand weighted CEA at launch

– Can we develop reliable estimates for evidence elastic of demand?

• Discrete choice experiments

• Retrospective analysis

• Validated prediction model for technology diffusion

• CEA at 5 year assessment
– Direct estimate from real-world use. 
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Decision makers 
focus of 
population 
averages because 
of the lack of 
reliable evidence 
on heterogeneity 

Crossroads

Manufacturers argue 
that there is no 
incentive to generate 
evidence on 
heterogeneity
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• Are we are failing to produce the necessary evidence of 
heterogeneity of effects, which can improve value in the society, by 
not providing sufficient reward incentive for such information.

> Importantly to create an environment that respects and rewards 
evidence on heterogeneity.

> Laying a clear path of incorporating reliable evidence on 
heterogeneity in third-party assessor’s base analysis. This includes
– not reporting population average cost-effectiveness results when there are 

distinct differences in subgroup-specific results,

– experimenting with demand weighted cost-effectiveness approaches.  

Conclusions
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