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R ising healthcare costs have led to the emergence of a host of 

value frameworks aimed at both defining and quantifying 

what value means for healthcare in the United States.1 

Healthcare organizations, patient advocacy groups, and think 

tanks across the country have developed such frameworks to assess 

the potential value of new therapies.2,3 In the United States, the 

framework to address new drug evaluation and pricing developed 

by the Institute for Clinical and Economic Review (ICER) has caught 

the attention of private payers.4 Most recently, CVS Caremark 

announced plans to use the results from ICER’s cost-effectiveness 

assessments to guide formulary decision making, which could lead 

to the exclusion of some high-cost drugs from some of its plans.5

The ICER perspective on what value means in healthcare—and 

some of the core methodology that it uses to evaluate alternative 

technologies—is based on long-standing academic concepts about 

cost-effectiveness analyses. These have been used in decision 

making outside the United States, notably by the likes of the 

National Institute for Health and Care Excellence in England and 

Wales and the Pharmaceutical Benefits Advisory Committee in 

Australia. However, these approaches have faced criticism,6 not 

least because of the lack of attention given to heterogeneity in 

relative effectiveness and cost-effectiveness according to patients’ 

characteristics and preferences.7

The Second Panel on Cost-Effectiveness in Health and Medicine 

called for heterogeneity to be considered through the presenta-

tion of subgroup-specific cost-effectiveness, where appropriate 

evidence exists.8 Yet comparative and cost-effectiveness analyses 

have been slow to recognize heterogeneity and tend not to present 

subgroup value estimates.9 By focusing on evaluating the overall 

average effectiveness, these value frameworks do not encourage 

the generation of useful evidence on heterogeneity that can inform 

differential decisions about the extent to which particular subgroups 

may benefit from new, high-cost healthcare technologies.

In most published value assessments, globally, heterogeneity has 

not been featured strongly in the reports of the main clinical results, 

and in the cost-effectiveness analysis these are addressed post hoc, 

after the main model has been built. For example, ICER’s Evidence 

Rating Matrix10 makes no mention of whether a study attempts to 

detect or understand heterogeneity or report results by subgroup. 

There are genuine reasons to ignore heterogeneity in the absence 

of evidence, while there are cases where heterogeneity is ignored 

even with reliable evidence. ICER reports highlight both such cases.  

One example in which evidence on heterogeneity could have 

been incorporated was ICER’s report on treatments for rheumatoid 

arthritis (RA). ICER stated, “RA remains a remarkably complex 

disease to diagnose and manage. There are multiple phenotypic 

and genotypic variations in the pathogenesis of the disease that 

affect both the course of RA and the outcome of therapy.”11 Still, 

no attempt was made to evaluate cost-effectiveness of different 

therapeutic agents for subgroups. It is important to note that there 

was no direct evidence about treatment-effect heterogeneity across 

subgroups in any of the trials that were identified for the report. 

However, evidence beyond those trials clearly suggested that for 

patients receiving the control regimen, clinical responses differed 

according to age and functional status.12 Hence, even if the relative 

effect of a new targeted immune modulator was constant across 

subgroups, there could still be substantial variation in the absolute 

effect scale required for estimates of cost-effectiveness.13 It is not 

clear how incorporating such heterogeneity might have changed 

the overall assessment, but at the least, it could have triggered a 

different conversation around value for certain groups of patients. 

More generally, ignoring heterogeneity could result in therapies that 

may be highly effective and cost-effective for one particular group 

of patients not receiving coverage and reimbursement because 

they are not cost-effective for everyone.

In contrast, when evaluating programmed cell death 1 receptor 

agents in the treatment of non–small cell lung cancer, ICER’s analyses 

relied on phase 2 and 3 trials that often did not have the power to 

establish subgroup effects reliably.14 Therefore, despite emerging 

practice-based evidence that testing the level of programmed cell 

death ligand 1 protein that a tumor expresses can significantly help 

determine which patients may benefit from treatment, there was no 

reliable evidence during the clinical trial stage of development to 

model treatment-effect heterogeneity and report subgroup analyses.
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These cases demonstrate 2 key barriers to driving greater reflec-

tion of heterogeneity in policy choices: positioning and availability 

of sources. The first case shows that even when clear evidence of 

heterogeneity of effect is present in published evidence, it is not 

moved to the front of the conversation, perhaps because it was 

not directly studied in the regulatory trial contexts. The second 

example points to the limitations when there is a distinct lack of 

strong empirical evidence on heterogeneity at the time clinical trials 

are conducted, but such evidence does emerge in clinical practice.

Implications of the Failure to Account for Heterogeneity 
in Value Assessment

It is imperative that value assessments encourage the recognition of 

evidence on heterogeneity for 2 reasons. First, it is well established 

that generating and reporting differential value assessment across 

subgroups leads to substantial health gains, both through treatment 

selection and coverage.15-17 This means that simply providing value 

assessments for overall populations—even when clinical evidence 

shows differential effectiveness across subpopulations—leads to a 

disconnect between the assessment of evidence by payers versus 

clinicians and patients. This disconnect can ultimately lead to 

inefficient decision making around reimbursement and pricing.

Second, the recognition of clinical effect heterogeneity in value 

assessments can incentivize the production of better evidence on 

heterogeneity in the future. Greater availability of such evidence 

is critical to optimizing the benefits of a technology in the popula-

tion. The current paucity of evidence around heterogeneity in the 

effectiveness of new treatments could reflect the lack of incentives 

to generate this information for regulatory purposes. By honoring 

and highlighting evidence on heterogeneity, value assessments 

could change that narrative and promote the generation of evidence.

Strategies for Accounting for Heterogeneity

Subgroup-specific value assessment may be an efficient strategy 

for accounting for heterogeneity on costs and benefits. Some value 

assessment framework developers have been reluctant to consider 

analysis of cost-effectiveness by subgroup or individual, largely for 

either practical reasons (eg, the concern that such granularity in results 

will require far larger studies) or statistical reasons (eg, potential 

selection bias, concerns about the greater risk of false positives or the 

relaxing of the standards of certainty). However, there are a growing 

number of approaches geared to overcoming these concerns that 

have been investigated with some success in recent years.

For example, the use of instrumental variables to define individual-

level treatment effects of various approaches to treat prostate cancer 

used the same data sets that were used to produce the populationwide 

estimates of effectiveness that determined policy in the United 

States.18 There have also been studies looking at various approaches 

to the use of propensity score matching to minimize selection bias 

in estimating cost-effectiveness by subgroups in the treatment of 

sepsis in the United Kingdom.19 Bayesian modeling approaches, 

in which multiple sources of data on the relationship between 

the characteristics of patients and their risks are considered, have 

also been suggested for more effective interpretation of potential 

subgroup effects.19,20

These approaches have all shown how value assessment can 

be conducted in a way that better accounts for heterogeneity of 

treatment effect, and they highlight the need for a more nuanced 

view of the evidence hierarchy—one that recognizes a greater role 

for real-world data as a complement to traditional randomized 

controlled trial designs. The practice of cost-effectiveness analysis 

is mostly focused on the simple comparison of population-based 

treatment impacts. However, decision makers may benefit from 

knowing how these impacts vary across subsets of the population 

so that benefit designs or coverage decisions are aligned in an 

increasingly complex healthcare delivery system that is rapidly 

evolving toward an increased use of personalized medicine. One 

step forward in this evolution may occur if value assessments 

open a conversation about evidence of heterogeneity of effect 

with manufacturers during their initial interactions around 

sharing public and proprietary evidence on new drugs. No one is 

recommending that a health technology assessment body make 

statements based on nonexistent evidence, but where it exists, it 

should not be ignored or made a footnote; patients deserve better.

Conclusions

Laying a clear path for incorporating reliable evidence on hetero-

geneity in value assessments could improve its applicability for 

healthcare decision making. This could include not reporting 

population average cost-effectiveness results when there are distinct 

differences in subgroup-specific results and sufficient accounting 

for such heterogeneity among patients. Importantly, creating an 

environment that respects and rewards evidence on heterogeneity 

should help value frameworks evolve to become more applicable 

and appropriate for payers’ decisions and promote generation of 

evidence on heterogeneity.

The worlds of comparative effectiveness and cost-effectiveness 

research must catch up with the evolution of how healthcare is shifting 

its emphasis from addressing disease in populations to addressing 

disease in patients, both now and in the future. There is no better 

time to begin realizing this change in perspective than now.  n
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T o assert that value assessment is at fault for ignoring 

heterogeneity in relative effectiveness, or for mini-

mizing the importance of subgroups (the relationship 

between the heterogeneity and subgroups being critical but 

often obscured), is a bit like finding a man building a house 

out of the wood he can find or borrow from neighbors and 

criticizing him for not using bricks that no one will sell him. 

He has a need for shelter; he does the best he can with the 

resources he can get; and he would love to have bricks, but 

powers beyond his control make that impossible.

Let’s start with the goal of value assessment. What are we 

trying to build? Is the aim to provide a tool to help inform 

the clinical care of individual patients? Value assessment can 

indeed be oriented to serve the interests of enhanced shared 

decision making for individual patients.1 Evidence-based tools 

can help frame the many different elements of clinical deci-

sions that are important to patients and provide summaries 

of evidence from population averages or, ideally, from results 

for patients with similar clinical characteristics. What most 

distinguishes this form of patient-targeted value assessment 

is that it keeps all the various elements of risks, benefits, 

and other elements of value disaggregated so patients can 

place their own unique “weights” on them and add them 

up or otherwise consider them in some quasi or formally 

quantitative process.

This is value assessment in service of what I would call 

individual heterogeneity—the variation among individual 

patients that a skilled clinician can illuminate and apply to 

tailor the care for a patient in their best interest. Individual 

patients will have unique clinical, emotional, social, and 
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other characteristics that providers should always consider 

to help select the “best” drug or other treatment option, a 

critical goal of good medical care.  

But there is a second kind of heterogeneity that can be called 

population heterogeneity, and this is the home territory of the 

value assessment performed by health technology assessment 

(HTA) agencies and research groups around the world. The 

goal of HTA here is not to inform individual clinical decisions 

but to inform the decisions that are taken at the population 

level: coverage and pricing. The heterogeneity that matters 

most in these decisions reflects variation in outcomes at 

a higher level than the individual and has two forms: one 

that is knowable in advance of treatment and one that is 

unknowable to the patient and clinician because its causes 

are unknown to all. In the latter case, evidence may show 

that patient outcomes appear something like a bell curve, 

with some patients receiving “average” benefits and harms, 

whereas others experience better or worse outcomes. The key 

feature of unknowable population heterogeneity is that there 

are no signposts, biomarkers, or key clinical indicators that can 

helpfully predict whether a specific patient will have average 

outcomes. Although it is still helpful to understand the range 

of outcomes for different patients, unknowable population 

heterogeneity leaves patients, clinicians, and policy makers 

largely reliant on population averages.

However, sometimes evidence can provide a guide to help 

identify when patients can be expected to experience relatively 

better or worse outcomes. And here lies the connection to 

subgroup analysis. Formal subgroup analysis is the most 

powerful way for HTA to identify how the risks and benefits of 

treatment may vary systematically within a larger population.2 

I would argue that it is misleading to claim that HTA has been 

slow or recalcitrant in recognizing, seeking, and applying 

subgroup information to create precise value assessments 

at the population level. Seeking subgroups for which a drug 

might be most effective and cost-effective is a vigorous part of 

HTA. As one example, at the National Institute for Health and 

Care Excellence in the United Kingdom, this effort leads the 

agency to designate positive funding decisions for subgroups 

for many drugs that would otherwise fail a general test of 

cost-effectiveness across the entire labeled population.3

For my HTA agency, the Institute for Clinical and Economic 

Review (ICER), the hunt for subgroups has led us to create 

stratified cost-effectiveness findings for different patient 

subgroups in reviews for treatments such as proprotein conver-

tase subtilisin/kexin type 9 drugs for hypercholesterolemia, 

Spinraza and Zolgensma treatments for spinal muscular atrophy, 

and preventive treatments for migraine.4 In many cases, we 

have found strikingly different cost-effectiveness data across 

subgroups. We are eager for more data and omnivorous in 

our appetite for evidence from various sources. In the US 

healthcare system, where there is a single price for a drug 

regardless of its use, we pursue the use of subgroups to the 

point of calculating separate value-based price benchmarks for 

each subpopulation, even though we must also recognize the 

reality of the US system and do a weighted calculation across 

all subgroups to calculate a single population value-based price.  

Why have we not been able to identify and model subpopula-

tions within every review we have done? The simple answer 

is that data are often not available on both the treatment of 

interest and its main comparator that can be used to assess 

subgroup effects, but there is a deeper and more complex 

issue in play. Drug makers face very conflicting incentives in 

helping to identify subpopulations who might have more—or 

less—benefit from their drug. On one hand, a special niche 

within a broader label in which patients can be shown to 

have superior outcomes might help the drug maker compete 

for market share against other drugs. Conversely, slicing the 

data from the overall labeled population into subpopulations 

might show diminished benefit in large swaths of the patient 

population, helping clinicians and payers limit use of the 

drug to the narrower subgroups that benefit most within the 

broader label. For that reason, and perhaps others, even though 

we at ICER continue to make routine requests to drug makers 

at the initiation of every review for stratified or patient-level 

data, we continue to routinely have this request unfulfilled. 

Whether we, like the man building his house who would 

love to be able to do so with bricks, should be criticized for 

lacking bricks and doing the best we can with the wood we 

can cobble together, is dubious.  

Ultimately, when value assessment seeks to build an 

analysis to inform population-level policies, it will never be 

able to consider the granular details that make each patient 

unique. But the middle ground of subgroup analysis is ripe 

for common efforts and an area in which we can hope to see 

progress in our ability to generate, analyze, and apply data in 

service of more sophisticated coverage and pricing policies.  n
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