PharmacoEconomics (2023) 41:1175-1182
https://doi.org/10.1007/s40273-023-01302-6

PRACTICAL APPLICATION t‘)

Check for
updates

An Alternative Measure of Health for Value Assessment: The Equal
Value Life-Year

Jonathan D. Campbell'® . Melanie D. Whittington' - Steven D. Pearson'

Accepted: 29 June 2023 / Published online: 17 July 2023
© The Author(s), under exclusive licence to Springer Nature Switzerland AG 2023

Abstract

The quality-adjusted life-year (QALY) is an international standard in cost-effectiveness analysis. A known concern arises
from the relatively lower QALY gains attributed to treatments that extend the life of individuals with chronic disability. We
analyze here the advantages and disadvantages of the equal value life-year (evLY) as an alternative or a complementary
measure to the QALY, and share learned experiences from using this measure in health technology assessments. We present
the conceptual rationale for the evLY, describe how it is estimated, and assess the differences in results between analyses
based on the evLY and the QALY. We share a how-to guide in estimating the evLY using a downloadable tool and summarize
our empirical experience using this measure. Incremental evLY's are feasible and address concerns regarding the risk for a
cost-effectiveness analysis to undervalue treatments for people with chronic disabilities. Based on our set of analyses using
the evLY, a threshold of $84,000 per evLY gained would be needed to maintain alignment with a threshold of $100,000 per
added QALY. The evLY is a measure of health gain that can be used as an alternative or a complement to the QALY to address
concerns related to undervaluing treatments that extend the life of individuals with serious illness or chronic disability. We
recommend that it be reported within all cost-effectiveness analyses but may have special relevance in the current political
environment in the USA, where use of the QALY is often challenged or prohibited.

Key Points for Decision Makers 1 Introduction

The equal value life-year is introduced in this article The International Society for Pharmacoeconomics and
as an alternative or a complementary measure to the Outcomes Research Task Force and the Second Panel on
quality-adjusted life-year. Cost-Effectiveness in Health and Medicine agree that qual-

ity-adjusted life-year (QALY) estimates serve as a preferred
measure of health gain to inform medical policy decisions
[1, 2]. The QALY is a standard for measuring how well dif-
ferent types of medical treatments lengthen and/or improve
patients’ lives, and therefore the metric has served as a main-
stay of cost-effectiveness analyses in the USA and around
As a measure of health gained, the equal value life-year the world for more than 30 years. No measure of health gain
may have special relevance for US policy making. is without limitations [3], however, and one notable concern
regarding the QALY is that it can be viewed as “undervalu-
ing” the health gain of life extension for people with serious
illness or chronic disability [4]. Assigning a utility weight
to extended life for some people, such as those with dis-

In addition to providing readers with a description and
tool that demonstrates one approach to estimating the
equal value life-year, this article also provides rationale
and experiences in using the equal value life-year for
health technology assessment.
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Act [6], and has negatively colored the active debate on
whether a cost-effectiveness analysis should play any role
in informing policies on drug pricing and coverage [7].

There is a long history of proposals of alternative meas-
ures of utility or health gain that might address concerns
over the lower valuation of extended life in lower utility
health states [4, 8—11]. Life-years gained is often included
in the results of cost-effectiveness analyses. This measure
is not open to critique based on weighting life extension
differentially, but it usually does not serve as the primary
measure of health gain given that it does not reflect differ-
ences in quality of life due to improvements or decrements
caused by an intervention.

One important effort to designate an alternative meas-
ure to address disability discrimination concerns was that
of Nord et al., who more than 20 years ago developed the
“equal value of life” measure in which any extension of life
attributed to an intervention is valued at a quality-of-life
weight of 1, or ideal health [12]. This measure did not gain
widespread use, perhaps because of the perceived limitation
that a valuation of extended life as being in perfect health
would skew cost-effectiveness results too far from the con-
sistent utilitarian results based on the QALY. Since Nord
et al.’s efforts, most approaches to addressing discrimination
concerns regarding the QALY have emphasized the role that
deliberative processes should play in integrating important
social values into any application of cost effectiveness to
public policy. However, in 2019, facing consistent criticisms
of the QALY from some patient groups and policymakers,
we developed a quantitative variation of Nord et al.’s meth-
odology that we have named the equal value life-year (evLY)
[13].

The evLY, like the QALY, captures relative effects of dif-
ferent treatment options on improvements or decrements in
quality of life. Like Nord et al.’s earlier approach, the key
difference between the evLY and QALY is that the evLY
assigns a single uniform utility to any extended life pro-
vided by an intervention compared to its comparator. But,
as will be described in detail below, unlike Nord et al. we
do not assign a utility of perfect health to time during life
extension. Instead, we use a population-based utility average
that we believe creates a more realistic measure for valuing
extended life in health states reflecting chronic disability.
Using this average utility also moderates the divergence of
the findings on health gain between an evLY-based analysis
and one based on the QALY, allowing for evLY-based results
to be used as complementary to QALY-based analyses or as
a full replacement when desired or required. In either role,
the evLY provides cost effectiveness with a measure that
can assure patients and other stakeholders that the chance
to extend life for patients—whether they are individuals
with cancer, multiple sclerosis, diabetes mellitus, epilepsy,
or a severe lifelong disability—will be valued equally for
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all. No individual’s treatment, and no individual’s life, will
be “discounted” or “undervalued.” The evLY measure is
not without limitations that will be explored in this article,
including not reflecting the preferences expressed by society
in the assignment of an average utility during periods of life
extension.

The goal of this article is to describe the evLY measure,
analyze its potential limitations, and present our empirical
and policy experience related to its use over the past 3 years.
We first share the mathematical definition of incremental
QALYs, incremental evLYs, and compare them. We follow
with a hypothetical case that visually demonstrates the dif-
ferences between incremental QALYs and evLYs. Then, we
share recommended steps for calculating evLY's, along with
a downloadable tool for estimating the evLY, and present
empirical case studies using incremental evLY's as compared
to QALYs. Finally, we analyze the strengths and limitations
of the evLY, including questions related to the impact of
using the evLY on appropriate cost-effectiveness thresholds.

2 Mathematical Definitions of Incremental
QALYs and evlLYs

First, consistent with convention, we define

AQALY = ) (8, 0y,) = X (S * Qo) )

where S is survival, Q is utility, # is the time periods through

death, 0 is the “comparator”, and 1 is the “intervention”
Assume that S}, > S, for all ¢
Then, subtracting and adding the same term in bold:
AQALY = ¥, (S), * Q) = X, (S0 * Qi) + X, (S0, * Q1)

= X (So; * Q) reduces to

AQALY = 2 Qll(Slt - SOz) + Z SOt(Qlt - QOz)' )
t t
Further, we define:

AevLY = Y 0,8, = So) + ., S0, (@1 — Q1) 3)

Incremental evLY's (3) assign a treatment’s gains in qual-
ity of life during S just as incremental QALY's (2) do in
that ), SO,(QI, - QOI) remains part of the evLY formula.
Incremental evLYs evenly measure each length of life unit
gain regardless of the treatment or condition. Therefore, in
the above incremental QALY formula, Y, Qy,(Sy, — So,)
changes in the evLY definition by fixing Q, to equal one
and only one value. In other words, any treatment that adds
a year of life has the same incremental evLY s—whether that
treatment is for a condition with high underlying health sta-
tus or for a condition associated with an underlying chronic
disability.
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In contrast to Nord et al.’s framework in which extended
life receives a health-related quality-of-life utility weight
of O, = 1.0 [4], we have opted to assign a utility of 0.851
to Q,, reflecting the average utility of the general US adult
population. The 0.851 utility weight was taken from a
sample of 1134 US adults representative of the US general
adult population based on age, gender, race, and ethnicity
[14]. We recommend a population average rather than an
age-specific or sex-specific estimate to promote uniformity
across all populations, regardless of disease, age, sex, or
other characteristics. We now move to compare the incre-
mental evLY to the incremental QALY by subtraction.

Given cancellations,

AevLY — AQALY = ¥, (0.851 — Qy,) * (S}, — Sor)
which is simplified as

AevLY — AQALY = (0.851 — Q;)AS. )

As we see from the above comparison (4), when there
is no difference in life-years between the intervention and
comparator, AS equals 0 and there is no difference between
incremental evLYs and QALYs. When AS > 0, then incre-
mental evLYSs are larger than incremental QALY's provided
0.851 > Q,, where 0.851 represents the mean utility weight
for the general adult US population and Q, represents the
average utility weight for the intervention treated popula-
tion during the life extension. For most severe conditions,
0, is lower than the general adult US population value,

suggesting that in most (but not all) cases, incremental
evLYs will be greater than incremental QALYSs.

3 Visual Example: QALY Gains and evLY
Gains

We provide below a hypothetical case study as the basis
of a visual representation of the comparison between
incremental evLY's and incremental QALY's. We assigned
a hypothetical homogenous cohort that all had the same
disease where usual care (i.e., comparator) is characterized
by the average person in the cohort living an additional
7.0 years at a utility value of 0.5 over this time (Fig. 1).
An intervention plus usual care is shown to improve the
average person’s survival by 2.0 years for a total of 9.0
life-years while also improving the average person’s
health-related quality of life utility by 0.20 to an estimated
utility of 0.70 over this time. The incremental life-years
are computed as 9.0 — 7.0 = 2.00 life-years gained. The
incremental QALYs are computed as (B + C) — (A) =
(7*0.7+2%0.7) - (7 *0.50) = 2.80 QALY gained.
The incremental evLYs are computed as (D + E) — (A)
= (7*%0.7 + 2 * 0.851) — (7 * 0.50) = 3.10 evLYs gained.
In this hypothetical example, the average person in the
cohort achieves higher incremental evLYs versus incre-
mental QALYs given that the intervention’s utility dur-
ing the life extension was less than 0.851, namely 0.70.
Using the difference in incremental evLYs and incremental

0.851 -
0.701 E. Int. evlY
u=0.70 D. Intervention evlY (non-life extension) + e U=0851
0.00
g Ly=7.0 Y =2.0
2 0704
Z U=0.70 + U=0.70
= 0.00]
-] % Ly=7.0 LY=2.0
0.50 4
U=0.5 A. Comparator QALY
0.00 -
g LY=7.0
NN T i AN T
3 3 8 3
S Life Years (LY) N N o

Incremental Life Year = LYintervention — LYcomparator = (7 + 2) — (7) = 2.00
Incremental QALY = (B + C) — (A) = (7*0.70 + 2*0.70) — (7*0.5) = 2.80
Incremental evlY = (D + E) — (A) = (7*0.70 + 2*0.851) — (7*0.5) = 3.10

Fig.1 Case study display of incremental life-years, quality-adjusted life-years (QALYs), and equal value life-years (evLYs) [intervention vs

comparator] /nt. intervention
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QALYs equation (4), we see that indeed, (0.851 — 0.70)
* 2 years = 0.30 rounded units, which is equal to the area
in E-C in Fig. 1 and confirmed by the difference between
3.10 incremental evLYs and 2.80 incremental QALYs.

4 Recommended Steps in Estimating evLYs
4.1 How to Estimate the evLY

Like existing measures of health including life-years and
QALYs, evLYs are estimated separately for each treatment
strategy (e.g., intervention and comparator), although the
measurement of the evLY for the intervention is depend-
ent on the measurement of the evLY for the comparator.
When the intervention does not extend life, incremental
evLYs and incremental QALY are identical. Note that
if more than one comparator exists, then the one with the
fewest life-years (frequently “standard of care”) should be
selected as the anchor comparator for all comparisons in
order to estimate an intervention’s life extension and corre-
sponding evLYs. As with any assessment, selection of any/
all comparators must be justified using clinical and ethical
considerations so as to not purposefully game the estimate
of incremental evLY's by way of comparator choice.

For the intervention, the evLY is different from the QALY
if the intervention is associated with life extensions beyond
that of the primary comparator. Because life extension can
vary over periods of time (e.g., model cycles), the evLY
is estimated for each period of time within the modeled
population (e.g., model cycle for the whole population) and
then summed across the time horizon. For each model cycle
with positive life-years versus the primary comparator, the
evLY can be computed by multiplying the life-years shared
between the intervention and comparator by the average
intervention utility plus the life extension life-years multi-
plied by the representative utility value (0.851) [14]. If the
intervention time period does not have greater life-years than
the comparator, then the intervention’s evLY is equivalent to
the intervention’s QALY for that time period. The calcula-
tion for each time period where the intervention’s life-years
> comparator’s life-years is as follows:

evLY = comparator life-years * intervention average utility

+ (intervention life-years — comparator life-years) = 0.851.

The next step is to estimate the intervention’s evLY across
the stated time horizon by summing across all time peri-
ods. The evLY can be discounted using standard practices.
The evLY gained can then be computed by subtracting the
comparator’s evLY (equivalent to the QALY for the primary
comparator) from the estimated intervention’s evLY.
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4.2 Open Access evlLY Tool

Readers can refer to a sample decision-analytic model to
gain understanding as to how one can measure the evLY
within a Markov model framework (Electronic Supplemen-
tary Material). Users may follow the “how to calculate the
evLY” steps alongside this sample model to enhance their
understanding of how they will measure the evLY for their
own applications. The sample model includes a hypotheti-
cal intervention with a life extension over a hypothetical
comparator. Within the spreadsheet, components necessary
for the calculation of the evLY and incremental evLYs are
highlighted blue. This includes the 0.851 value on the Inputs
tab and the columns for undiscounted and discounted evLY's
within each modeled trace. Within the Comparator Trace tab
and the Intervention Trace tab, the column for undiscounted
evLYs (column K) applies the equations presented within
this section of the article to calculate the evLY for the inter-
vention and comparator.

4.3 Strengths and Limitations of the evLY

Using an average utility of 0.851 for all time in extended
life shares the benefit with Nord et al.’s original approach
of eliminating the perceived undervaluation of extended life
for patients with chronic disabilities. However, in relation to
assuming that extended life should be valued as if it were
spent in “perfect health,” using the average population util-
ity has the added benefit that it is a closer approximation to
the relative value that community respondents would assign
to extended life in relation to quality of life. By remaining
closer to the community weighting of these trade-offs, the
evLY produces results that are more feasible for use as a true
alternative to the QALY and not just as a complementary
measure meant to provide additional perspectives on how
to value health gain. Therefore, a key strength of the evLY
is its ability to measure improvements in quality of life dur-
ing non-life-extending periods while also applying the same
weight to each unit of life extension.

There are notable challenges with the evLLY measure. First,
as discussed previously, use of the evLY creates a system-
atic shift that almost always produces improved incremen-
tal cost-effectiveness results compared with QALY-based
analyses. The implications of this shift and its relationship to
cost-effectiveness thresholds are addressed in the subsequent
sections. Second, the evLY does not distinguish between two
interventions that behave the same during periods prior to life
extension, but during life extension, have different quality-of-
life profiles. This limitation is a trade-off related to what some
consider as a positive aspect of the evLY; namely, the evLY
applies the same weight to each unit of life extension. Finally,
in extreme cases, the evLY can have circularity challenges if
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used as the sole measure for treatment adoption recommenda-
tions [15].

This circularity problem only occurs when there is a sign
difference between incremental QALYs and incremental
evLYs. If an intervention is associated with added years of life,
most likely it will be associated with added QALYs (i.e., posi-
tive incremental QALYs). However, there is a potential that
an intervention could extend life but still be associated with
negative overall incremental QALY's because of a reduced
quality of life before the period of life extension that offsets
any QALY gains in the period of life extension. It is therefore
highly unlikely but theoretically possible that an intervention
would produce positive incremental evLY's but negative incre-
mental QALY leading to potential circularity if only evLYs
were used to recommend treatment strategies. Take standard
of care A versus a new intervention B where A is associated
with 20 life-years and a utility of 0.9 over all time and where
B is associated with 22.4 life-years and a utility of 0.8 over all
time. In this simplified example, B > A on life-years (22.4 >
20 life-years), A > B on QALYs (20 * 0.9 > 22.4 * 0.8), but B
> AonevLYs (20 * 0.8 + 2.4 *0.851 > 20 * 0.9). If one were
to only use evLY's within an adoption decision rule, one would
choose B over A. Assume the same treatments but that A is the
new intervention and B is the standard of care. There is no life
extension for A versus B so A > B on QALY and evLYs (20
*0.9 > 22.4 * 0.8 for both QALY and evLYs). In this situ-
ation, one would choose A over B when using either evLYs
or QALYs (i.e., circularity based on what treatment strategy
is deemed the comparator versus the intervention of interest).

To resolve this theoretical circularity concern, we con-
tinue to recommend that both the evLY and QALY measures
be reported in analyses, but we suggest caution interpret-
ing findings in the rare but theoretically possible situations
where there are directional differences between incremental
QALYs and evLYs. In these situations, we suggest more
weight on deliberative processes, contextual considerations,
and incremental costs to help support population-level value
assessment decisions. When directional differences exist,
this caution in interpreting findings will limit the potential
circularity concerns of incremental evLY's if this measure
were otherwise solely used to support changes to the adop-
tion or reimbursement of the intervention.

5 Experience Across US Assessments
with Incremental QALYs and evLYs

From September 2019 to November 2021, we reported
evLY results as part of value assessments of 11 US Food
and Drug Administration-approved drugs, consisting of 32
unique intervention versus comparator dyads. The major-
ity (66%) of the intervention dyads had incremental evLY's
that were greater than incremental QALYSs, while 34%

had incremental evLYs equal to the incremental QALYSs.
None of the intervention dyads observed in our dataset had
incremental evLY's that were less than incremental QALY's,
although this is theoretically possible provided the utility
value during life extensions for the intervention is on aver-
age, greater than 0.851 (refer to the mathematical formula
in the prior section).

The mean percentage change between an intervention
dyad’s incremental QALY's and incremental evLYs was 16%.
The percentage change between incremental evLYs and
incremental QALY s for each intervention dyad are reported
in Fig. 2. Because of no life extension, there were no dif-
ferences in incremental evLY's and incremental QALY's for
the first 11 treatment pairs presented in the table. In the 21
interventions for which the evLY > QALY, where incremen-
tal evLYs were greater than the incremental QALYs, the
average percentage change between incremental evLYs and
QALYs was 25%, with the greatest percentage difference
found for treatments for sickle cell disease.

At the condition level, averaging across treatment dyads
within a condition, the average percentage change between
incremental evLYs and incremental QALY's was similar at
17%. Figure 3 below displays the percentage change between
the incremental evLYs and incremental QALY at the con-
dition level. For conditions where the treatments evaluated
did not generate a life extension, incremental evLYs were
equivalent to incremental QALYs.

6 Discussion

Each measure of health comes with its own set of trade-offs.
The limitations of the QALY are well established [4, 5], yet
its comprehensiveness, its rooting in decades of psychomet-
ric and other research, and its clear and consistent ability to
capture trade-offs between quality and length of life have
sustained its use as the dominant measure of health gain in
cost-effectiveness research. We argue that cost-effectiveness
practitioners are more willing to entertain alternative meas-
ures of health that correlate well with the desirable features
of the QALY while addressing specific concerns such as
the risk of undervaluing extension of life in certain circum-
stances. The evLY is one method to address this risk and
avoid what can be seen by many as a discriminatory effect
on treatments for people living with chronic disabilities. The
evLY is able to capture changes in quality of life from treat-
ment, whether it be changes due to improvements in function
or differences in relative side effects. It can also distinguish
between treatments that have different effects on length of
life. While it may obscure some relative differences between
treatments in quality of life during any period of life exten-
sion, the advantage gained is important: with the evLY there
is equal weighting of utilities for extended life, eliminating
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the differential weighting by utility that makes it reasonable
to view the QALY as a potentially discriminatory measure
when evaluating life-extending treatments for people with
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disabilities or people who will live longer albeit with a lower
quality of life [4, 5].

Lessons learned from cost-effectiveness analyses that
include both incremental evLYs and QALYs suggest that
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directional differences between the two measures are not
common (none were observed over 32 unique comparisons
assessed). As noted, on average, we found that incremental
evLYs are 16% higher than incremental QALY's across a
wide range of condition scenarios. If a strict opportunity
cost paradigm based on previous cost-effectiveness research
using the QALY is used to consider appropriate cost-effec-
tiveness thresholds for decision making, the introduction
of the evLY would imply the need to shift to approxi-
mately 16% lower thresholds.

However, given the uncertainty inherent in most cost-
effectiveness analyses, we believe it is not unreasonable to
maintain current cost-effectiveness thresholds when report-
ing and interpreting results based on the evLY. As with all
cost-effectiveness analyses, context matters, and in some
cases with many additional life-years gained, results based
on the evLY may differ so substantially from those using the
QALY that decision makers should be actively encouraged
to consider the different perspectives on valuing extended
life that are reflected by each measure of health gain. The
interpretation of differences between evLY and QALY
results should also be the subject of further study and debate
through theoretical and empirical research.

Another recent effort to address discrimination con-
cerns [4, 5] regarding the QALY was the introduction of
the health years in total (HYT) measure by Basu and col-
leagues [16]. The HYT departs from the evLY in taking
an additive approach to life expectancy and quality-of-life
impacts. In taking this additive approach, the HY T requires
the estimation of a counterfactual quality of life during any
life extension to match the maximum life extension across
all considered treatment strategies. Although the HYT fully
resolves the QALY concern related to valuing treatments
differently based on the underlying health functioning of
the population during life extensions, barriers may remain
to its widespread use in a health technology assessment.
Basu and colleagues discuss how this additive measure will
require substantial, and currently hypothetical, modifications
to thresholds when interpreting the findings of incremental
HYTs versus incremental QALYs [16]. More research is
needed within the cost-effectiveness threshold domain for
all alternative measures of health gained [17].

Ultimately, both our conceptual analysis of the evLY
and our experience in using it in multiple health technol-
ogy assessment reports suggest that it can play a useful
role to inform decision making. Unlike the QALY, the
evLY has not been rejected by disability community advo-
cates and policymakers [18]. In public deliberative meet-
ings on the results of ICER reports, the evLY results have
been accepted and proven helpful in assuring all stake-
holders that results obviate the concern about undervalu-
ing the extension of life of patients. We have chosen to
frame our “health benefit price benchmark™ ranges using

the lowest price at $100,000 per QALY or evLY gained
(to date always cost/QALY), and the highest of the prices
at $150,000 (to date always cost/evLY). Providing a price
benchmark between the lowest and highest prices has led
to broader ranges, but it has usefully incorporated the idea
that decision makers may consider both results when mak-
ing a broader determination of value.

The answer to the question of whether the evLY should
be an additional complementary measure of health gain or
should serve as a stand-alone alternative to the QALY must
be determined by the context in which cost effectiveness
will be integrated into decision making. From a conceptual
and academic perspective, it makes good sense to view it as
complementary. No known measure of health gain addresses
all the QALY criticisms while retaining all the advantageous
features of the QALY, thus suggesting measurement trade-
offs [19]. The ability to compare results across previous
research, combined with the possibility that evLYs could
on occasion provide results not consistent with patient or
community views on the trade-offs between the length of life
and quality of life, suggest that decision makers would do
well to view QALY-based and evLY-based results together,
exploring any substantial differences to understand why they
exist and what they might mean for any priority setting or
pricing decisions.

In contrast, in jurisdictions in which the QALY has
become “toxic” to stakeholders owing to its differential
valuation of life extension for people living with chronic
disability versus people living otherwise healthy [16], we
believe the evLY is a robust alternative that can suffice to
inform decision making. Any measure of health gain, within
any formal cost-effectiveness analysis, should be integrated
with formal considerations of contextual issues and potential
benefits or disadvantages that cannot be captured adequately
within any model. However, by design and through experi-
ence, we believe that the evLY should gain an important role
in cost-effectiveness analyses directed at informing health
system decisions.

7 Conclusions

The evLY is a measure of health gain that can be used as an
alternative or a complement to the QALY to address con-
cerns related to undervaluing treatments that extend the life
of individuals with serious illness or chronic disability. We
recommend that it be reported within all cost-effectiveness
analyses but may have special relevance in the current politi-
cal environment in the USA, where use of the QALY is often
challenged or prohibited.
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