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Background: The popularity of quality-adjusted life years (QALYs) has been resistant to concerns about validity and reliability.
Utility-theoretic outcome equivalents are widely used in other areas of applied economics. Equivalence values can be derived
for time, money, risk, and other metrics. These equivalence measures preserve all available information about individual
preferences and are valid measures of individual welfare changes.

Objective: The objective of this study was to derive alternative generalized equivalence measures from first principles and
illustrate their application in an empirical comparative-effectiveness example.

Methods: We specify a general-equilibrium model incorporating neoclassical utility functions, health production function,
severity-duration preferences, and labor-market tradeoff function. The empirical implementation takes advantage of
discrete-choice experiment methods that are widely accepted in other areas of applied economics and increasingly in health
economics. We illustrate the practical significance of restrictive QALY assumptions using comparative-effectiveness results
based on both QALYs and estimates of welfare-theoretic time-equivalent values for anti-tumor necrosis factor and prolonged
corticosteroid treatments for Crohn’s disease in three distinct preference classes.

Results: The QALY difference between the two treatments is 0.2 months, while time-equivalent values range between 0.5 and
1.3 months for aggregate and class-specific differences. Thus, the QALY-based analysis understates welfare-theoretic values by
60%-85%.

Conclusion: These results suggest that using disease-specific equivalence values offer a meaningful alternative to QALYs to
compare global outcomes across treatments. The equivalence values approach is consistent with principles of welfare eco-
nomics and offers several features not represented in QALYSs, including accounting for preference nonlinearities in disease
severity and duration, inclusion of preference-relevant nonclinical healthcare factors, representing preferences of clinically-
relevant patient subpopulations, and including utility losses related to risk aversion.
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to be a practical metric. Analysts and policy makers benefit from
its intuitive appeal and flexibility, employing QALYs to combine

Ever since Fanshel and Bush' and Torrance et al’ formally
proposed the idea of a quality-adjusted life year (QALY) in the
early 1970s, QALYs have provided a means to combine multiple
dimensions of health and duration in a single metric, thereby
allowing analysts to compare the impact of medical interventions
across different health conditions. With the stated goal of using
cost-effectiveness analysis to allocate resources efficiently to
maximize the overall health of a population, the QALY has proven

segments of time spent in various health states by weighting the
value of health-related quality of life experienced during each
segment on a scale from 0 to 1, where O represents dead and 1
represents full health, and summing across time.

For those wishing to make a claim to theoretical validity for the
QALY, von Neumann-Morgenstern’s (VNM) cardinal-utility theory
provided a normative behavior model®> when utility values for
health states are derived from standard-gamble (SG) methods and
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combined with probabilities that corresponding health states are
realized. Nevertheless, use of vNM cardinal utility to construct a
single index for complex relationships among dynamic health
states requires 3 assumptions™°:

o utility independence between life years and health status
e constant proportional tradeoff
¢ risk neutrality on life years

The assumption of utility independence between time and
health status requires that utility weights for a given health state
remain the same regardless of the amount of time spent in a
health state and vice versa. The assumption of constant propor-
tional tradeoff means that preference values for health states are
unrelated to one’s remaining life expectancy. Risk neutrality on
life years means that an uncertain lifetime of given expected
duration is equally preferred to a certain lifetime of the same
duration. We refer to these assumptions as QALY assumptions
throughout the remainder of the paper.

Empirical support for these QALY assumptions is weak. Blei-
chrodt and Johannesson® found that constant proportional
tradeoff held approximately in their student sample, but the evi-
dence was much weaker for utility independence. Only about 10%
of participants’ responses satisfied both requirements. Bala et al’
and Franic et al® rejected utility independence in more repre-
sentative samples.

The assumption of risk neutrality in the construction of QALYs
allows analysts to convert ex post, or realized utility, into ex ante,
or expected utility, by simply multiplying outcome utilities by
their probability of occurrence. In contrast, neoclassical utility
theory generally assumes that people are risk averse. Risk aversion
means that utility functions are not linear, but instead, are subject
to diminishing marginal utility. As a result, when faced with a
choice between 2 uncertain outcomes with the same expected
value, people would prefer the more certain alternative. Lakda-
walla et al° found that patients with chronic diseases are risk
averse. In contrast, Shafrin et al'® and Lakdawalla et al'' suggest
terminal patients express a “value of hope” that appears consis-
tent with risk-seeking preferences, hence linearity is a very strict
requirement that generally is inconsistent with economic theory
and observed behavior.'*!?

In addition to empirical deviations from vNM principles,
numerous commentators have identified other limitations with
QALYs. One pertains to potential bias against older individuals and
individuals with disabilities since the former have limited
remaining life expectancy and the latter owing to concerns that
their survival time may count less than a person without a
disability even when other health indicators are equivalent. The
German Institute for Quality and Efficiency in Health Care
explicitly rejects QALYs and any form of comparative assessment
across disease areas. The argument, which is also embedded in the
dignity clause of article 1 of the German constitution, is that in the
equity principle embedded in QALYs, equal treatment of equals
(horizontal equity) is less important than positive discrimination
across individuals and/or disease areas.'* The International Society
for Pharmacoeconomics and Outcomes Research Special Task
Force on Value Frameworks also pointed out that QALY-based
cost-effectiveness analyses fail to account for concepts such as
value of hope, value of knowing, and differences in treatment
processes. Bleichrodt et al'® found that health-state valuations
also depend on individual health status and expectations.

In addition to various conceptual and empirical problems with
QALY measures, measuring health utility for acute conditions has
proven difficult with either SG or time-tradeoff (TTO) methods.
Respondents may find it difficult to compare risks of death or
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reductions in longevity with self-limiting acute conditions as
headache, nausea, and drowsiness that are common side effects of
drug therapy. Researchers have employed various ad hoc pro-
cedures such as chaining to derive health-state utility values for
acute conditions.'®~

These concerns motivate developing alternative metrics that
broaden the scope of health valuation for use in comparative-
effectiveness and cost-effectiveness research. Several authors
have explored the consequences of including additional argu-
ments in utility functions. Pliskin et al* derived risk-adjusted
QALYs that accommodate risk-averse preferences. Risk-adjusted
QALYs have rarely been used in empirical work, in part because
it is not clear how to implement the model if quality varies over
time.'® Hammitt,>° Dolan and Edlin?', Bleichrodt and Quiggin,*?
and Klose*® investigated the consequences of incorporating
wealth or non-health consumption in utility functions. Klose
identified the following 3 additional requirements for such
augmented utility functions to be consistent with unbiased QALY
measures:

e Health is constant over time.
¢ Health has no influence on the marginal utility of wealth.
e Health and wealth are mutually utility independent.

These additional assumptions also are very strong and not
likely to hold empirically. Moreover, they are inconsistent with
Grossman’s>* influential model of the demand for health. Gross-
man’s model specifies utility as a function of market goods and
healthy days. Healthy days depend on the individual’s stock of
health, which can fall below the desired level because of disease.
The stock of health can be replenished through a household-
production process that requires health-service inputs, time, and
other inputs. The demand for such inputs is derived from the
demand for health.

Mehrez and Gafni®>*~?” and Gafni and Birch?® offered healthy-
year equivalents (HYEs) as an early alternative to QALYs that
requires fewer restrictive assumptions. The authors defined
HYEs as the number of healthy years that are equivalent to a
lifetime health profile. Thus, there is a unique HYE measure for
each possible pattern of the timing and duration of possible
periods of ill health. A lively debate ensued on the merits of the
HYE approach in the mid-1990s.22°-32 Bleichrodt®> subse-
quently concluded that “the HYE approach is theoretically
sounder than the QALY approach.” (P39 Nevertheless, the in-
crease in theoretical soundness comes at the price of a signifi-
cant decrease in practical feasibility because of difficulties in
generalizing or transferring results of an HYE study to outcomes
that differ in timing, duration, or sequence. Rittenhouse®* also
found that HYEs were a noisy alternative to conventional TTO
values.

In this article, we derive a conceptual framework that allows
scaling changes in well-being for equivalent changes in any
continuous variable in a neoclassical (NC) utility function. Time
equivalents are one case of such generalized equivalence mea-
sures. We offer an alternative approach to account for health
outcomes that align with the theoretical tradition of Grossman?®*
and neoclassical microeconomics in which equivalence measures
correspond to individual welfare changes. We describe a welfare-
theoretic conceptual framework for defining health utility and
offer a practical, off-the-shelf method for estimating equivalents,
using time, money, or safety as metrics for gains in health. The
equivalence metrics are empirically quantified using discrete-
choice experiment (DCE) methods. We illustrate the practical
application of this approach and compare gains in health as
measured by time-equivalents to QALYs.
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In the following section, we derive health-equivalence mea-
sures. These measures are strongly linked to QALYs and HYEs —or
more generally healthy-time equivalents—derived using TTO
methods because we can scale welfare changes in time equiva-
lents. Nevertheless, we do not require participants to trade off
health improvements for mortality risks or reduced longevity as
SG and TTO preference-elicitation tasks require. Thus, the welfare-
theoretic measures are equally applicable to both acute and
chronic conditions.

Welfare comparisons in conventional applied economics rely
on a single reference point, usually status-quo utility, together
with information on rankings of changes relative to the reference
point. For example, we may want to know whether type 2 dia-
betes patients’ perceived benefits of interventions to improve
glucose control are greater than their associated cost and incon-
venience. An ordinal utility scale has no meaning in absolute
terms; it merely provides a way to compare relative changes in
utility. Thus, an improvement in current HbA1c glucose level from
7.5 to 7 could have a utility difference of 4 units, whereas an
improvement from 7.5 to 6.5 could have a utility difference of 6
units. We can only say that a difference of 6 utility units is 50%
greater than a difference of 4 utility units.

For welfare measurement in most areas of applied economics,
the conventional numeraire is disposable income available for
consumption of all other goods and services, denominated in
dollars. Suppose we knew that the mean marginal utility of a
dollar of income (or reduction in cost) was 0.025 utility units. The
marginal utility of income is likely greater for poorer people than
for richer people, so we use the mean value for the beneficiary
population. We then can rescale nominal utility differences using
the “exchange rate” between dollars and utility. The money-
equivalent value of a 4-unity change in utility is 4/0.025 = $160,
and the value of a 6-unit change is 6/0.025 = $240. The second
value is still 50% larger than the first, but rescaling in monetary
units gives intuitive meaning to the utility difference as well as
facilitating comparisons with dollar-denominated costs. Note that
scaling utility differences in money equivalent does not make the
utility scale cardinal. Although $50 is twice as much money as $25,
$50 does not yield twice as much utility. A classic reference on the
economic theory of cost-benefit analysis is Mishan.*”

The dependence of money-equivalent values on the distribu-

tion of ability to pay is unacceptable to many people. We
demonstrate that the same conceptual framework can be used to
derive a corresponding time-equivalence preference measure. We
specify a general, 1-period NC utility function as follows:
U =UJC, H(Ts), Tw; T, Zy, Zi] Equation 1
where U is an arbitrarily scaled ordinal-utility index that is
invariant with respect to any monotonic transformation. Prieto
and Sacristan®® showed that QALYs are not invariant with respect
to linear transforms of utility index and discussed various conse-
quences of this limitation. C is consumption in some clinically
relevant treatment period T.

For our purposes, we define the length of period T as the
maximum possible duration of a spell of ill health given the
individual’s insured health costs. T can range from as little as an
hour or less to remaining expected lifetime depending on the
problem at hand. H(T;) represents the health-related utility in-
dex of a spell of illness given severity s and duration Ts, Ty, is
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work time. T —T; is the amount of time spent in normal health
during the period T and normal health time minus T,, is leisure
time (T)).

Zy, is a vector of healthcare process or context factors. Such
factors often are important determinants of patient satisfaction
related to alternative healthcare interventions. Some examples in
various healthcare settings include privacy of HIV test results,
dosage frequency for attention-deficit medications, diagnostic
information such as genetic testing that may not affect therapeutic
decisions, and differential convenience of devices such as insulin
syringes and pens. Individuals also may have preferences over the
features of regulatory interventions such as technology re-
strictions, standard-setting, or financial incentives for achieving
public-health benefits. Z; includes individual-specific de-
mographic, health-history, attitude, and other personal-
characteristic variables.

We assume individuals maximize utility over the planning
period T subject to time and income constraints.

T=T;+Ty +Ts Equation 2

Py * Tw=p. « C+ C(H) Equation 3

The time constraint, equation 2, assumes that the individual
can work or engage in leisure activities only when healthy.
Equation 3 is the income constraint. C(H) is the health-production
transformation function between consumption and health indi-
cating how much consumption must be foregone for a given level
of health. Total expenditures on consumption and health must be
less than total income. C° is equal to the sum of earned income in
dollars (pw+Tw), Where p,, is the wage rate and T,, is work time,
and wealth plus insured income. We normalize average con-
sumption price p. to equal 1.

We assume the health index exhibits diminishing marginal
effects of duration of ill health and that the transformation func-
tion between C and H exhibits diminishing marginal productivity
of expenditures on healthcare. Finally, we assume that utility in-
creases at a decreasing rate with C and H. Equations 4 to 6 are the
mathematical representations of these assumptions.

2
% <0 Equation 4
2
% <0 Equation 5
au a*u au a*U i
£<0, T<O’ a—H<O, m<0 Equation 6

Figure 1A shows tradeoffs in 4 quadrants. The northeast
quadrant indicates the health-production transformation function
between consumption and health, where the amount of free or
insured health care is indicated by the vertical segment. Under our
assumptions, after the insured amount of H, individuals must give
up consumption spending to obtain healthcare. The function is
nonlinear because the marginal effect of increased spending de-
creases as spending increases.

The northwest quadrant indicates the effect of illness duration
on H. The nonlinearity of H(T;) reflects the assumption of dimin-
ishing marginal disutility of duration. As a result of adaptation,
additional amounts of time with an illness of constant severity
decreases health at a decreasing rate. Note that QALY assumptions
require that this relationship be linear, with slope equal to the
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(A) Consumption, health, and time tradeoffs. (B) Consumption, health, and time equilibrium. (C) Time and money equivalent

values.
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constant utility weight for condition s minus 1. The southwest
quadrant enforces the adding-up constraint. One more time unit
of sick time is 1 less time unit of well time available for work and
leisure.

Finally, the southeast quadrant represents the income-leisure
tradeoff, where the slope of the constraint is the wage rate py,.
In this quadrant, we are able to see how well time is split between
work and leisure. For simplicity, we assume consumption depends
only on earned income. Note that consumption will be less than
potential income (indicated by the intersection of the income-
leisure line with the horizontal axis) if individuals decide to
allocate some of their well time to leisure instead of work. We also
assume that illness duration does not affect the productivity of
work time, so illnesses shorten work time, but do not change the
output per hours of work time. This generalization and others
could be accommodated in the model but could not be repre-
sented in 4-quadrant space. We retain the graphical representa-
tion to illustrate general equilibrium under these simplifying
assumptions.

Figure 1A also shows a family of constant-utility curves U;.
Each curve indicates combinations of consumption and health
that have the same utility level, with utility increasing if either C

increases, H(T;) increases, or both. Under the assumptions in
equation 6, the slope of each curve decreases as consumption
increases and health decreases, where the slope is

ou
GH(T;)

dH(T,)
dc

& Equation 7
aC

In Figure 1B, U* is the highest utility level obtainable, given the
technically feasible combinations of C and H(T;). General equilib-
rium among time, health, and consumption allocations is obtained
at U* = U[C", H(T}),T;,; T, Zy, Z;]). Choosing the combination C* and
H(T;) requires simultaneous optimization in all 4 quadrants.
H(T;) corresponds to illness duration T; in the northwest quad-
rant. Likewise, C* requires working time equal to T,, in the
southeast quadrant leaving T; available for leisure after deducting
sick time T; in the southwest quadrant. Note that the positions of
the curves in the northwest and northeast quadrants depend on
the scale of the health index and on the type of ill health repre-
sented in the northwest quadrant.

We now are equipped to define the money-equivalent value
(MEV) and time-equivalent value (TEV) of an illness that decreases
utility from U* to U’ in Figure 1C. The MEV is the reduced
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consumption, holding health constant, that would move the in-
dividual to U. The TEV is the reduced time in normal health,
holding consumption constant, that would move the individual to
U*. These values are shown in equations 8 and 9:

U[C'—MEV, H(T), T,;T, Zy, Zi] =U = U{C’, H(T‘S), T,:T, Zn, zi}
Equation 8

U[C’, H(T;~TEV), T;,;T, Zy, Z] =U = U[c', H(T;), T,:T, Zy, zi]
Equation 9

In Figure 1C, hold illness duration constant at H(T;), point X,
and decrease consumption to decrease utility from U* to U’ at
point Y. The decrease C-C* is the MEV of the utility difference
between U* and U’. Alternatively, hold consumption constant at
C*, point X, and reduce sick time to decrease utility from U* to U’
at Z. The reduction in health from H(T}) to Hy(T;) increases illness
duration from T; to T, giving the healthy TEV of the utility dif-
ference between U* and U’ as T,—T.

Both MEV and TEV measures preserve all information about
preferences contained in the underlying utility function, including
income, process or context arguments, and individual character-
istics. Scaling benefits in money equivalents facilitates direct
comparisons to costs, whereas scaling benefits in time equivalents
avoids objections to monetizing health outcomes. In principle, we
could derive analogous expressions to equations 8 and 9 for any
argument in the utility function. For example, we could derive
risk-equivalent values, or maximum-acceptable risk, using the
probability of a treatment-related adverse event as the
numeraire.’’

The MEV is often referred to as willingness to pay, an unfor-
tunate term that has led to much misunderstanding. In addition,
monetary values for health often have been estimated using the
willingness to pay method or, more correctly, the contingent-
valuation method. The contingent-valuation method was devel-
oped in the 1970s and 1980s for obtaining nonmarket values for
environmental services using a modified bidding-game approach.
As a result of well-documented problems with this approach, it
has largely been replaced by DCE methods in environmental
economics and other applied-economics research.>® For a discus-
sion of external validation of DCE methods, see Lancsar and
Swait.*®

Productivity costs sometimes are included in comparative-
effectiveness studies by multiplying lost work time by the
average wage. Nevertheless, multiplying T; by the slope of the
income-leisure function is not a conceptually correct welfare
measure for the difference between U° and U*, even if the average
wage were an accurate measure of the value of the marginal
product of labor. (See Appendix B in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2019.03.011).

Despite various assumptions of convenience that facilitate
drawing the figure in 2-dimensional space, this model has
several useful features. First, we impose no special requirements

Uij = ZZIJ] Btsev.sev +ZIJ2 Btster + Z IJ3 Bpinfeci + Z IJ4 chanc + ZIJS Bpsurg

tsey SEV Lster Pinfect
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on utility functions. Also, unlike conventional QALY methods, we
do not require utility independence between health status and
time, constant and proportional tradeoffs, or risk neutrality. We
also do not have to assume that the marginal utility of con-
sumption is independent of health (or vice versa). We allow
health to influence welfare both directly and indirectly via real-
istic time constraints. Furthermore, time durations in TEV esti-
mates need not be quantified in years. Neither do we need to
anchor utility on perfect health and death (or best-imaginable
and worst-imaginable conditions). Rather, we identify equiva-
lent values for clinically relevant health changes and illness
durations.

In principle, nonmarket health values could be derived indi-
rectly from observed behavior in this framework. For example, in
environmental economics, the MEV of reducing health risks from
pollution has been measured using compensating labor-market
wage differentials in risky occupations, after controlling for
other job characteristics.*° Nevertheless, we generally are
unable to observe the relevant money or time tradeoffs in
health because of institutional constraints. For example, in
highly insured health systems, the insured segment of the
consumption-health tradeoff may be long enough that the
duration of ill health may not reduce consumption. Also, we may
be interested in evaluating new interventions for which behav-
ioral data do not exist. As a practical matter, using this concep-
tual framework, we must rely on stated-preference methods to
simulate tradeoff decisions to derive the relevant equivalent
values. Johnson et al*! reported TEVs for reduction in vasomotor
symptoms and Hauber et al*> reported TEVs for rotavirus
vaccinations.

In the next section, we compare QALY values to TEVs obtained
using this conceptual framework from a recent comparative-
effectiveness study of Crohn’s disease. Details on the DCE instru-
ment and event-simulation model can be found in Lewis et al*®
and Scott et al** (also see Appendix A in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2019.03.011.)

Respondents with Crohn’s disease evaluated pairs of treatment
profiles indicating time in remission and time with symptoms
with given severity over a 12-month treatment period. Additional
treatment features included required time on corticosteroids, risk
of serious infection, risk of lymphoma, and risk of bowel-resection
surgery. Figure 2 is an example DCE choice question. Efficacy was
treated as deterministic. We limited the number of probabilistic
attributes to limit the cognitive burden of the preference-
elicitation questions. The DCE preference-elicitation question
involves tradeoffs involving severity durations. In contrast to
conventional TTO studies that trade off a fixed duration with a
given symptom severity and reductions in longevity, the DCE
elicits tradeoffs of severity and remission durations over a clini-
cally relevant treatment period (12 months) and clinically relevant
treatment risks.

The form of the stated-preference NC utility function for
specified hypothetical combinations of symptom duration, steroid
duration, serious adverse-event risks, and surgery risk is:

Equation 10

Plymph Psurg
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Example DCE choice question, Crohn's disease treatment preferences.

4) Which of these options would you choose if these were the only options available to you?

Logout

(If you place your mouse cursor over a treatment feature, you can see information about that feature.)

TREATMENT FEATURES Treatment A Treatment B
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|
Which would you choose if these were Treatment A Trcatment B
the only options?

Next

where Uj; is the utility for individual i, treatment alternative j. Iy is
a 0/1 variable indicating which level appeared for that alternative.
Symptom severity levels were mild, moderate, and severe;
severity durations ranged from O to 12 months; serious infection
ranged from 0% to 30%; and cancer and surgery risks ranged from
0% to 8%. Further details on the study are provided in Lewis et al*®
(also see Appendix A in the Supplemental Materials found at
https://doi.org/10.1016/j.jval.2019.03.011).

Selection of the feasible subset of a potentially large list of
potential attributes in a DCE study design requires careful quali-
tative research during survey development.*” It is possible that it
would not be possible to include all attributes that might affect
decision making. Nevertheless, our studies show that careful se-
lection of 6 to 8 attributes often captures the most salient con-
siderations and that even a list this short typically contains
attributes that do not significantly affect choices for all preference
classes.

Aggregate-sample preference-parameter estimates are shown
in Figure 3. The NC utility scale on the vertical axis is arbitrary.
Only relative changes are relevant. A decrease in severe symptoms
from 8 months to 4 months results in a utility increase from -2.97
to -1.42 utils, an improvement of 1.55. A reduction in moderate
symptoms from 12 months to 0 increases utility by 1.61. The rate
of substitution or exchange rate over this interval thus is
125 + 181 — 2.9 moderate months per severe month. Thus, the
moderate-symptom TEV for 4 months of severe symptoms is 4 X
2.9 = 11.6 months. Similarly, a 30% increase in serious-infection
risk reduces utility by 1.52, about the same as an increase in
serious symptoms from 4 months to 8 months. Scaling this loss in
equivalent-risk units yields a maximum acceptable risk of 30%.
Any treatment-related risk less than 30% for the indicated

improvement in serious-symptom duration would yield a positive
net utility benefit of treatment.

A more direct analog to QALYs would be normal-health or
remission TEV. Because of the 12-month adding-up constraint,
decreases in symptom time are perfectly inversely correlated with
increases in remission time. Thus, remission utility simply is the
utility gain for reducing symptom duration. Nevertheless, that
value depends on the specific symptom-severity time being
decreased. We thus normalize the utility gain across all symptom-
severity durations by using the mean utility gain per month
reduction across all changes that were evaluated in the DCE. The
mean marginal utility of a 1-month reduction in symptom time
was 0.17. Scaling the utility gain from reducing serious symptoms
from 8 months to 4 months accordingly yields a remission TEV
benefit of 1.55/0.17 = 9.1 months. Note that this is not perfect
health, but rather the clinically relevant health Crohn’s patients
experience when their symptoms are in remission.

The NC utility is measured ex ante, that is, before health out-
comes are realized. Hence, even though only small fractions of
patients experience adverse events, all patients who accept a
treatment experience a utility loss from bearing the risk of an
adverse event. This loss generally is greater than the probability of
the event multiplied by the realized utility loss, which is the risk-
neutrality assumption required by conventional QALYs. We ob-
tained TEV estimates for such risk exposures. We also estimated a
latent-class model that revealed 3 classes with similar preference
patterns: respondents who were relatively more concerned about
treatment efficacy, respondents who were relatively more con-
cerned about avoiding treatment risks, and respondents who were
concerned about avoiding steroids.

Unlike most risk-attitude studies, we quantify risk preferences
in the context of other treatment attributes. We find that many
respondents will tolerate risk if offered significant improvements
in health outcomes. On the other hand, some respondents were
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NC utility estimates, Crohn's disease treatments (95% confidence intervals).
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unwilling to accept any significant risk, no matter how much
benefit was offered. One advantage of DCE methods is that we can
observe heterogeneity in risk preferences within a sample.
Figure 4 summarizes results for treatments with a 2% lymphoma
risk for the aggregate sample and each preference class. Exposure
to 2% lymphoma risk is equivalent to losing 7.2 months of

remission time. That loss is about 5% that of the overall sample
TEV or the steroid-averse latent class.

Although it would be possible to calculate incremental cost-
effectiveness ratios for QALY and TEV measures, we report only

Remission time-equivalent values, 2% treatment risk of lymphoma.
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comparative effectiveness using the 2 approaches. We constructed
an event-simulation model to compare corticosteroid treatment
versus anti-tumor necrosis factor treatment.*® The model was
populated with QALYs based on published Crohn’s health-state
utilities and with severity-duration remission TEVs using both
aggregate and class-specific estimates. Table 1 summarizes the
results of this analysis. The QALY difference is 0.2 months,
whereas TEVs range between 0.5 and 1.3 months for aggregate
and class-specific differences. Thus, the QALY-based analysis un-
derstates welfare-theoretic values by 60% to 85%.

Although we have formalized the conceptual framework for
readers who are not familiar with it, we have adhered to estab-
lished conventions for implementing the NC with DCE methods
based on the Nobel prize-winning work of McFadden.”” These
conventions have been extensively applied and tested in every
area of applied economics except health.*® Nevertheless, there
now is guidance from the US Food and Drug Administration on
using patient-preference data to weight the relative importance of
benefits and risks for regulatory reviews of medical devices*® and
rapidly expanding literature applying these methods in a wide
range of therapeutic areas.”” In addition, DCE methods are rec-
ommended for estimating utility weights for multi-attribute
health status instruments, such as the EuroQol 5-dimensional
instrument, for ultimate use in cost-effectiveness analysis.>°

The strong assumptions underlying QALYs may give decision
makers the impression that health improvements can be
measured with a ruler-like metric. Nevertheless, utility functions
that describe actual preferences are much more complicated. They
are nonlinear and include multiple factors that describe individual
preferences over alternative states of the world. Nevertheless,
conventional QALY assumptions are attractive because they make
empirical estimation tractable. We have shown that well-
established empirical methods are available that do not require
such restrictions and facilitate empirical tests of potential biases
introduced by such simplifying assumptions. Both the theoretical
and empirical examples indicate that distortions from QALY as-
sumptions can be significant.

In every area of applied economics other than health eco-
nomics, NC utility measures are widely accepted as a conceptually
valid and powerful tool for identifying interventions that improve
social welfare. In contrast, conventional QALY assumptions effec-
tively break the link between NC utility and welfare-theoretic
preferences. Value equivalents derived from NC-utility concepts
preserve the link between changes in health-related utility and

Comparative effectiveness analysis, anti-TNF vs
corticosteroid treatments (months)
QALYs 9.7 9.6 0.2
Remission TEVs
Overall 53 4.5 0.8 (0.5-1.1)
Efficacy class 13 0.1 1.3(0.8-1.7)
Risk class 6.9 6.4 0.6 (0.4-0.8)
Steroid class 7.8 7.3 0.5 (0.3-0.7)

Cl indicates confidence interval; QALY, quality-adjusted life year; TNF, tumor
necrosis factor; TEV, time-equivalent value.
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changes in individual welfare in 2 ways. First, value equivalents
such as MEVs and TEVs allow nonlinearity in time and heteroge-
neity across patients. Second, equivalent values can incorporate
various health-related factors that affect individual welfare.
Ignoring these additional factors undermines the relevance of
QALYs for allocating scarce healthcare resources among different
groups of patients and among different kinds of interventions. Our
approach derives equivalent values from a common set of NC
utility concepts. Using DCE utility estimates, we have calculated
TEVs and maximum acceptable risks from an empirical NC utility
function that includes severity duration as an argument. These
measures merely are alternative ways of scaling NC utility differ-
ences for time and risk.

These results have important implications for using the
QALY metric as an outcome measure in cost-utility analyses.
Although it is not possible to predict the direction of bias
relative to welfare-theoretic TEVs in any particular case, non-
linearities in underlying preferences could lead decision makers
to misallocate healthcare resources away from short-term gains
where correctly measured marginal benefits are high toward
long-term gains where marginal benefits are lower. Non-
linearities similarly could bias incremental cost-effectiveness
ratios in favor of more severe outcomes with low marginal
benefits relative to less severe outcomes with higher marginal
benefits. Including nonclinical but utility-relevant factors could
alter the relative rankings of interventions if such factors vary
strongly among outcomes or over time. Our results indicate that
a single summary measure, whether QALY or TEV, could
misrepresent the preferences of clinically relevant patient
groups. Finally, treatment decisions and regulatory evaluations
occur ex ante before patient outcomes are realized. Neglect of
utility losses related to risk aversion thus understates the value
of safety and could lead to inaccurate assessments of benefit-
risk tradeoffs.

We have obtained estimates based on patient preferences,
consistent with the standard welfare-theoretic framework.
Nevertheless, health-state utilities elicited from the general public
are recommended for use in cost-effectiveness analyses by many
reimbursement agencies around the world on the basis that most
healthcare expenditures are financed by taxpayers. In addition,
health-state utility researchers increasingly are applying DCE
methods to obtain preference estimates. Although DCE methods
allow interactions between health states and durations, other
restrictive assumptions are maintained. Moreover, practical ap-
plications rely on the availability of published values. In the case of
the inflammatory bowel disease utilities we used in our
comparative-effectiveness analysis, the only available estimates
were published in 1997.

Our approach is formulated for condition-specific resource-
allocation treatment decisions or for use in developing practice
guidelines. We view this feature as a strength, particularly for
decision making in the United States, where most within-patient
and between-patient decisions are made within a therapeutic
area rather than across therapeutic areas. Our time-equivalents
approach allows one to incorporate condition-specific issues,
such as duration of corticosteroids and risk of treatment-
associated cancer, in our application to Crohn’s disease. We
believe that a condition-specific approach may help to address
some of the resistance to using QALYs among patient advocates
and other stakeholders in the United States by offering a patient-
centric alternative. We understand our condition-specific
approach may not be helpful to health systems seeking to allo-
cate resources across all conditions. Those systems will continue
to use the QALY. Nevertheless, even for those systems, our
approach provides complementary information that can be
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compared with a QALY-based approach. It can be used to identify
when treatment comparisons have concordant or conflicting
findings between QALY-based and time-equivalents frameworks
and may provide an indicator of when the QALY may be failing to
incorporate outcomes that are important to patients.

The plausibility of any theoretical or empirical model turns on
the degree to which simplifying assumptions neglect essential
aspects of reality. We argue that NC utility-based methods have a
better claim on validity than health-state utility-based methods.
Nevertheless, we do not claim that our empirical example is a final
solution to the problem of comparing noncomparables. This
approach offers promise as an improvement over existing
methods, but there is much more research to be done in refining
both the conceptual framework and corresponding empirical
applications.
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