QUALITY-ADJUSTED LIFE
YEARS FOR THE RETINA

SPECIALIST

Understanding QALYs can help ophthalmologists see the bigger picture of treatment
impact on patients’ health-related quality of life.

BY NANCY M. HOLEKAMP, MD; STEVEN B. DUFF, MS; anDo YAMINA RAJPUT, MS

Changes in health
care policy and med-
ical coverage have
focused attention

on health economics
and outcomes
research (HEOR),
including consid-
eration of cost versus quality. Our research team recently
presented a cost-effectiveness analysis of US Food and Drug
Administration (FDA)-approved anti-VEGF treatments for
diabetic macular edema based on the Diabetic Retinopathy
Clinical Research Network’s Protocol T data.! An integral
component of that analysis was the difference in the quality-
adjusted life year (QALY) benefit associated with the two

[E] AT A GLANCE

+ Retina specialists may gain valuable insights into
patients’ health-related quality of life if they
evaluate outcomes beyond visual acuity and
anatomic outcomes.
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- The quality-adjusted life year (QALY) is a metric that
has been used to evaluate health-related quality of life.

+ Published algorithms can be used to translate patient
visual acuity data into utilities, which approximate
health-related quality of life. Utility scores, combined
with duration of life, are then used to calculate QALYs.

- The QALY metric allows comparisons of treatments
between different diseases or of different treatments
for the same disease.
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Figure 1. Measuring health-related quality of life using VA data

from ophthalmology trials.

FDA-approved treatments.

Not all ophthalmologists and retina specialists are familiar
with HEOR terms. Our goal in this article is to familiarize
clinicians with QALY and other HEOR phraseology. A
thorough understanding of these terms will be helpful in
navigating the rapidly evolving trend toward health care
policy focused on quality over volume.

VISUAL ACUITY AND HEALTH ECONOMICS

In ophthalmology, most studies collect data on visual
acuity (VA). Less frequently, researchers collect data on
patients” health-related quality of life. How can changes
in VA be translated into quality-of-life data? In order to
translate VA letters into values in health economics, two
concepts are fundamental to understand: the QALY and the
utility. QALY is a measure of health that combines duration
and health-related quality of life, and utility is a weighting
mechanism to account for the health-related quality of life
associated with a specific health state.

If a study does not have the means of eliciting utilities,
as is the case with most ophthalmology trials, published
algorithms can be used to translate VA data into utilities.
Utility scores, combined with duration of life, can then be
used to calculate QALYs (Figure 1). The difference in QALY
between treatments can then be used to compare the dif-
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Figure 2. Comparing health-related quality-of-life benefit
between treatments.
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Figure 3. Generic schematic representing the components of
the QALY calculation (both health-related quality of life and

duration of a health state).

ferences in quality-of-life benefit (Figure 2).

This article will further elaborate on the basic concepts of
QALYs and utilities and will provide examples of how they
can be determined and applied in ophthalmology.

QALY 101
What is a QALY and what is its purpose?

A QALY is a health outcome that estimates health status
over time by combining both duration and quality of life.

A useful feature of QALYs as an outcome measure is that
it allows comparison of treatments between different medi-
cal specialties or within the same disease. For example, relying
solely on clinical measures, it would be difficult to compare
the benefits of treating hypertension (measured in mm Hg
reduction) with a screening program for breast cancer (mea-
sured by stage at diagnosis, time to treatment initiation, or
survival). However, in this example or across other disparate
diseases, QALYs could be calculated and compared.

How are QALYs determined?

QALYs are composed of two elements: 1) duration or sur-
vival, and 2) utility associated with the specific health state.
Typically, utilities are measured on a scale of 0 to 1, with 0
representing death and 1 representing perfect health.

Figure 3 illustrates a scenario in which QALYs associated
with two different interventions are calculated over an indi-
vidual’s remaining life expectancy. Quality of life (utility) is
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plotted against duration (survival), and the area under the
curve represents QALYs. In this case, treatment B provides
benefit in terms of better utility (higher values on the y axis)
and increased survival. The difference in the colored areas
under each curve represents the additional QALYs gained by
providing treatment B instead of treatment A.

How are utilities determined in ophthalmology?

In ophthalmology, it is unusual for interventions to extend
a person’s life. Instead, most interventions affect a person’s
ability to see and his or her time spent with better vision.
Therefore, the QALY outcome tends to be based on improve-
ment in utility. Numerous publications have documented the
relationship between VA and utility in ocular diseases.>°

How is VA used in determining utilities?
Several methods and instruments have been designed
to calculate (or translate) utilities. Two methods that have
been used most frequently in ophthalmology studies are the
standard gamble (SG) and time tradeoff (TTO) techniques,
due to their sensitivity to changes in vision."'3
SG is structured as a gamble between perfect health
(utility=1) and death (utility =0). For example, a patient
has chronic back pain. He decides he is indifferent about
continuing to have chronic back pain if the probability of
perfect health is 0.8 and probability of death is 0.2. In this
example, 0.8 is the utility associated with that health state.
TTO is based on how many years in the current health
state a person with a health condition would give up in
exchange for a reduced number of years in perfect health.
In our example of a patient with chronic back pain, if he is
willing to trade 10 years with chronic back pain for 7 years of
perfect health, the utility estimate is 7 divided by 10, or 0.7.
Brown and colleagues used these methods to create
algorithms for translating VA data into utilities. Using

TABLE 1. UTILITIES IN PATIENTS WITH

AMD BY VISUAL ACUITY RANGE

VA Range* Utility (TTO) Utility (SG)
20/20 to 20/25 0.89 0.96
20/30 to 20/50 081 0.88
20/60 to 20/100 0.57 0.69
20/200 to 20/400 0.52 0.71
CF to LP 0.40 0.55

*Visual acuity in the better-seeing eye

Abbreviations: AMD, age-related macular degeneration;

CF, counting fingers; LP, light perception; SG, standard gamble;
TTO, time tradeoff; VA, visual acuity

Source: Brown 20003




both TTO and SG techniques in interviews with 72 patients
with age-related macular degeneration (AMD), the authors
reported decreasing utility with decreasing VA (Table 1).
That is, as VA worsened, so did the patient’s reported
health-related quality of life.

Although the actual utility value may be slightly different
depending on whether SG versus TTO is used, generally only
a single method is used to calculate utility in any given study.

Utilities obtained from patients with eye diseases other
than AMD have shown relationships with VA similar to those
presented in Table 1. For example, Szabo and colleagues used
the TTO method to gather utilities associated with different
VA ranges in patients with diabetic retinopathy.' Patients
with VA in the better-seeing eye ranging from 20/20 to 20/200
reported utilities of 0.98 to 0.67, respectively. Again, as VA
worsens, so does a patient’s reported utility.

How can formulas be used to calculate utilities?

A methodological limitation of early utility studies was that
VA ranges were traditionally predefined. Since the Brown et
al publication in 2000,? several groups have developed algo-
rithms that allow utilities to be calculated using formulas rath-
er than VA ranges.”" The equations generated by two groups
are illustrated in Table 2, with examples of calculated utilities
for patients with VA of 20/40 or 20/200.

TABLE 2. UTILITY ALGORITHMS AND EXAMPLES OF

CALCULATED UTILITIES

and QALYs. The total QALYs for each treatment would be
calculated using the area under the curve, which is a sum of
the QALYs over 5 years. Each 1-year QALY increment is pre-
sented in the following equations:

Treatment A=(0.65x1)+(0.75x1) + (0.80x 1) +
(0.80 x 1)+ (0.80 x 1) =3.80 QALYs

Treatment B=(0.70x1) +(0.85x 1) + (0.90x 1) +
(0.90x1) +(0.90x 1) = 4.25 QALYs

On average, patients receiving treatment B would be
expected to gain an additional 0.45 QALYs (3.80 subtracted
from 4.25) over the 5-year time horizon. Whether this gain
represents good value depends not only on the magnitude
of the difference in QALY:s but also on the additional cost
required to achieve this incremental QALY benefit. The next
section discusses cost-effectiveness analysis.

How are QALYs and ICERs used in cost-effectiveness analyses?

QALYs are perhaps most well known for their role in cost-
effectiveness analysis. This is a method used to compare the
costs and outcomes (such as QALYs) associated with two or
more interventions. An incremental cost-effectiveness ratio
(ICER) is calculated as the difference in the total intervention
costs divided by the difference in
outcomes, or QALYs (Figure 5).
An ICER is essentially a measure
of the value provided by one

Authors VA Utility Equation* TTO Utility | TTO Utility | intervention relative to another.
(20/40)’r (20/200)’r The ICER may be used to inform
z o public policy or reimbursement
Sharma 2000 ut|||Fy-O.51§ + 0374 x (Snellen VA 0.70 0.55 decision-making,
desinalleq fivalony ICERs are compared with a
Czoski-Murray 2009™ | utility=0.860 — 0.368 x (VA LogMAR) — | 0.69 043 cost-effectiveness threshold to
0,001 x (patient age) determine whether the cost per

* Visual acuity in the better-seeing eye

T In the Czoski-Murray example, the VA LogMAR values are 0.3 and 1.0 for Snellen VA 20/40

and 20/200, respectively; age is assumed to be 62 years.

Abbreviations: LogMAR  logarithm of the minimal angle of resolution; TTO, time tradeoff;

VA visual acuity

QALY gained for a particular
intervention is reasonable. At
this time, the United States does
not have published guidelines
for a universal cost-effectiveness

Although the actual utility value may be slightly differ-
ent depending on whether a formula-based equation or a
predefined VA range method is used, only a single method is
used to calculate the utility for both treatments being com-
pared. The health economics field is trending toward using
these formula-based algorithms in ophthalmology, given the
greater flexibility they provide.

How are utilities used to calculate QALYs in ophthalmology?
A hypothetical example (Figure 4) illustrates the impact
of two treatments on VA and, by extension, on utilities

threshold. However, based on

a review of more than 1500 US-based cost-utility analyses
published from 1990 to 2012, Neumann and colleagues recom-
mend using a cost-effectiveness threshold of either $100000 or
$150000 per QALY.' An ICER less than the threshold would
be considered cost-effective, whereas an ICER more than the
threshold would not be considered cost-effective.

LITERATURE-BASED CASE STUDY

Stein and colleagues examined the costs and QALYs associ-
ated with three interventions in patients with newly diagnosed
mild open-angle glaucoma (OAG): laser trabeculoplasty (LTP),
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Figure 4. Graph of two interventions that improve VA (and
utility) over time.
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Figure 5. How to calculate an ICER.

prostaglandin analogue (PGA), or observation.'” Over 25 years,
costs for no treatment, LTP, and PGA were $2700, $13788, and
$181071, respectively. Total QALYs for the three treatment strat-
egies were 16.06, 16.71, and 17.14, respectively.

Based on ICERs of $16824 per QALY gained (LTP vs. no
treatment) and $14 179 per QALY gained (PGA vs. no treat-
ment), the authors concluded that both LTP and PGA are
cost-effective options when compared with observing newly
diagnosed mild OAG. Although PGA provided more QALYs
in the initial analysis, when more realistic levels of PGA
medication adherence were considered, LTP was ultimately
deemed to be the more cost-effective alternative.

THE BETTER- VS. WORSE-SEEING EYE

One nuance that is unique to ophthalmology is the
impact of differential VA (better- and worse-seeing eye)
on utility and QALYs. The examples in Tables 1 and 2 all
consider VA in the better-seeing eye and do not explicitly
consider the VA in the worse-seeing eye. This is under
the assumption that increases or decreases in VA in the
worse-seeing eye do not affect quality of life, as long as the
better-seeing eye remains the better-seeing eye. However,
this underlying assumption has been challenged. Based on
a review of the ophthalmology literature, Hirneiss conclud-
ed that both the better- and the worse-seeing eye affect
patients’ quality of life, despite the common belief that
only or mostly the better-seeing eye affects vision-related
quality of life.” The magnitude of the effect may differ by
disease and its impact on central versus peripheral vision.

The practical implication of this issue is that different
results and conclusions could be drawn about the relative
value of new treatments depending on the assumptions
associated with the impact of the worse-seeing eye on
quality of life. Given the potential impact on policy and
reimbursement decisions, a clearer understanding of this
issue and more research in this area are warranted.
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APPLICATION TO CLINICAL PRACTICE

In ophthalmology, we often become focused on the
change in letters on an eye chart or on micron-scale differ-
ences on optical coherence tomography images. However,
we may need to take a step back and evaluate how these
differences in VA or anatomic outcomes affect patients’
health-related quality of life.

Although use of QALYs as a measure of health outcomes
has limitations, it is an important health economic out-
come to consider. By providing a better understanding of
QALYs and their role in ophthalmology, we hope to enable
retina specialists to consider the bigger picture of treatment
impact on patients’ health-related quality of life. m
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