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Invited Commentary
IMPORTANCE The DRCR Retina Network Protocol S randomized clinical trial suggested that page 1432
the mean visual acuity of eyes with proliferative diabetic retinopathy (PDR) treated with Supplemental content
ranibizumab is not worse at 5 years than that of eyes treated with panretinal
photocoagulation (PRP). Moreover, the ranibizumab group had fewer new cases of diabetic
macular edema (DME) with vision loss or vitrectomy but had 4 times the number of injections
and 3 times the number of visits. Although 2-year cost-effectiveness results of Protocol S
were previously identified, incorporating 5-year data from Protocol S could alter the
longer-term cost-effectiveness of the treatment strategies from the perspective of the health
care system.

OBJECTIVE To evaluate 5- and 10-year cost-effectiveness of therapy with ranibizumab, 0.5
mg, compared with PRP for treating PDR.

DESIGN, SETTING, AND PARTICIPANTS A preplanned secondary analysis of the Protocol S
randomized clinical trial using efficacy, safety, and resource utilization data through 5 years of
follow-up for 213 adults diagnosed with PDR and simulating results through 10 years.

INTERVENTIONS Intravitreous ranibizumab, 0.5 mg, at baseline and as frequently as every 4
weeks based on a structured retreatment protocol vs PRP at baseline for PDR; eyes in both
groups could receive ranibizumab for concomitant DME with vision loss.

MAIN OUTCOMES AND MEASURES Incremental cost-effectiveness ratios (ICERs) of
ranibizumab therapy compared with PRP were evaluated for those with and without
center-involved DME (CI-DME) and vision loss (Snellen equivalent, 20/32 or worse) at
baseline.

RESULTS The study included 213 adults with a mean (SD) age of 53 (12) years, of whom 92
(43%) were women and 155 (73%) were white. The ICER of the ranibizumab group compared
with PRP for patients without CI-DME at baseline was $582 268 per quality-adjusted life-year
(QALY) at 5 years and $742 202/QALY at 10 years. For patients with baseline CI-DME, ICERs
were $65576/QALY at 5 years and $63 930/QALY at 10 years.

CONCLUSIONS AND RELEVANCE This study suggests that during 5 to 10 years of treatment,
ranibizumab, 0.5 mg, as given in the studied trial compared with PRP may be within the
frequently cited range considered cost-effective in the United States for eyes presenting with
PDR and vision-impairing CI-DME, but not for those with PDR but without vision-impairing
CI-DME. Substantial reductions in anti-vascular endothelial growth factor cost may make the
ranibizumab therapy cost-effective within this range even for patients without baseline

CI-DME.
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Five-Year Cost-effectiveness of Ranibizumab vs Panretinal Photocoagulation for Proliferative Diabetic Retinopathy

he DRCR Retina Network Protocol S 5-year outcomes

showed that anti-vascular endothelial growth factor

(anti-VEGF) therapy with ranibizumab, 0.5 mg, vs pan-
retinal photocoagulation (PRP) for eyes with proliferative dia-
betic retinopathy (PDR) results in good mean visual acuity for
eyes in both groups.! Many of the outcomes at 2 years were sus-
tained through 5 years, supporting the 2-year conclusion that
ranibizumab therapy or PRP are both viable treatments for pa-
tients with PDR.? The 5-year study had a high loss to fol-
low-up in both groups, bringing into question whether the
groups remained comparable at 5 years. Nevertheless, out-
comes favoring the ranibizumab group included a decreased
development of center-involved diabetic macular edema (CI-
DME) associated with visual acuity loss (Snellen equivalent of
20/32 or worse) and a trend toward decreased development
of retinal detachments. In contrast, outcomes favoring PRP in-
cluded one-third the number of visits and one-quarter the num-
ber of injections. Only approximately 6% of eyes in each group
had substantial visual acuity loss, and both groups experi-
enced progressive visual field loss in years 3 through 5, dimin-
ishing the difference in visual field loss between the groups
at 5 years compared with 2-year results. A smaller percentage
of eyes in the ranibizumab group had a vitreous hemorrhage
at 2 years, although 50% of the eyes in each group experi-
enced at least 1 vitreous hemorrhage by 5 years.

The 2-year cost-effectiveness analysis of Protocol S showed
that ranibizumab therapy compared with PRP was unlikely to
be cost-effective for patients with PDR without CI-DME and
vision loss but was possibly cost-effective for patients with PDR
and CI-DME with vision loss who were receiving anti-VEGF
therapy for DME.> It was not appropriate to expand these find-
ings across 5 to 10 years without knowing the visual acuity,
number of visits and injections, incidence of CI-DME with vi-
sion loss, and safety outcomes beyond 2 years. The 5-year rela-
tive cost-effectiveness, from the health care system perspec-
tive, and an estimate of the 10-year cost-effectiveness using
simulations based on 5-year outcomes may be calculated from
the Protocol S 5-year results.

Methods

Overview
The DRCR Retina Network Protocol S randomized clinical trial
was undertaken from February 2012 through February 2018
at 55 clinical sites in the United States." All participants had PDR
in the study eye. In the efficacy analysis, both eyes were eli-
gible; however, because it is difficult to allocate costs and im-
proved quality-of-life by eye, this analysis included only 213
individuals with 1 study eye (70% of the study participants).
The ranibizumab group was treated as often as monthly,
and the PRP group received PRP at baseline and supplemen-
tal PRP during follow-up if neovascularization worsened. All
eyes could receive ranibizumab, 0.5 mg, for vision-impairing
CI-DME. Analyses were conducted separately for individuals
with and without vision-impairing CI-DME at baseline. Mul-
tiple institutional review boards approved the study, and all
patients provided written informed consent to participate. The
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Key Points

Question What is the incremental cost-effectiveness ratio of
therapy with ranibizumab, 0.5 mg, compared with panretinal
photocoagulation at 5- and 10-year horizons for treating patients
diagnosed with proliferative diabetic retinopathy?

Findings This preplanned secondary analysis of a randomized
clinical trial found that the estimated 10-year incremental
cost-effectiveness ratio of the ranibizumab group compared with
panretinal photocoagulation for those without center-involved
diabetic macular edema at baseline is $742 202 per
quality-adjusted life-year, and for those with baseline
center-involved diabetic macular edema, $63 930 per
quality-adjusted life-year.

Meaning This study’s findings suggest that, at the 5- and 10-year
horizons, therapy with ranibizumab, 0.5 mg, may be within the
frequently cited range considered cost-effective in the United
States for treating patients with proliferative diabetic retinopathy
and with baseline center-involved diabetic macular edema and
vision loss but not for those without.

study protocol and the statistical analysis plan were previ-
ously published.!

Analysis

Eyes had best-corrected visual acuity measured at baseline and
every 16 weeks. The protocol specified collection of resource
utilization related to ocular conditions and systemic adverse
events for cost-utility analysis. Because the association of ocu-
lar use of anti-VEGF agents with systemic adverse events was
not strong, costs of systemic adverse events were not in-
cluded in the base analyses but were included in a sensitivity
analysis. Data were collected through 5 years, and 95% CIs were
calculated. Outcomes beyond the 5-year period were simu-
lated up to a 10-year horizon. Assuming that vision remained
constant, injections continued at the same frequency ob-
served in year 5, and (in a sensitivity analysis) long-term se-
rious adverse events that occurred in years 1 through 5 (cere-
brovascular accident and myocardial infarction) continued to
have long-term costs of care. These assumptions were varied
in sensitivity analyses.

Costs

Costs were applied to the resources used that were captured
in the trial. The unit costs, including physician and facility fees,
were based on the 2018 Medicare fee schedule of allowable
charges. A dose of ranibizumab, 0.5 mg, cost $1866.82; the in-
jection procedure, $104.40; and PRP, $351.00.%° Costs were
grouped into clinic visits or diagnostic procedures, study pro-
cedures, intraocular therapies, and (in the sensitivity analy-
sis) systemic adverse events. Short- and long-term costs for
cerebrovascular accidents and myocardial infarction were
based on the literature.® Costs were considered from the health
system perspective and were measured in 2018 US dollars, and
future costs were discounted by 3% annually (eTables 1and 2
in the Supplement). Baseline characteristics of the study popu-
lation are provided in eTable 3 in the Supplement.
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Health Utility

Health-related quality of life was measured using 2 methods.
For the main analysis, visual acuities from the better-seeing
eye at the 16-, 32-, 52-, 68-, 84-, 104-, 156-, 208-, and
260-week visits were converted into quality-adjusted life-
years (QALYs) using the methods of Brown et al” and were com-
pared with the baseline utility associated with the partici-
pant’s best-corrected visual acuity in the better-seeing eye at
randomization (eTable 1in the Supplement). This approach is
commonly used but is limited by the top of the scale being
anchored at perfect vision instead of perfect health.® The sec-
ond approach used the best-corrected visual acuities from the
study eye and was anchored at perfect health.® In both meth-
ods, if an observation was missing, the last observation was
carried forward. The QALYs gained were discounted by 3%
annually.

Extrapolation of Longer-term Results
Resource use, costs, and QALYs were aggregated across the
5 years of the trial based on observed data. Additional out-
comes were simulated from years 5 through 10, making as-
sumptions about continuing cost and vision. Rates of injec-
tionsin year 5 in both groups were assumed to remain constant
throughout years 6 through 10. Specifically, eyes in the
ranibizumab group would continue to receive 3 ranibizumab
injections per year and those in the PRP group would con-
tinue to receive a mean (SD) of 0.09 (0.283) ranibizumab in-
jections per year for eyes without CI-DME and vision loss at
baseline and a mean (SD) of 0.9 (0.276) injections per year for
eyes with CI-DME and vision loss at baseline. In a sensitivity
analysis, individuals who experienced serious systemic events
in the first 5 years were assumed to have continuing care for
those conditions through year 10. The last observed visual acu-
ity (and utility) was assumed to remain the same through year
10. These assumptions were varied in sensitivity analyses.
The main outcome was the incremental cost-effective-
ness ratio (ICER), which was calculated by taking the incre-
mental total cost of the ranibizumab group vs the PRP group
and dividing by incremental overall QALYs gained of
ranibizumab vs PRP. The ICERs were computed for sub-
groups with and without concomitant baseline DME and vi-
sion loss. A lower ICER indicated better cost-effectiveness. Al-
though there is no strict threshold for cost-effectiveness in the
United States, values of $50 000, $100 000, and $150 000/
QALY were focused on because they are frequently cited as
being cost-effective.'©

Sensitivity Analysis

Sensitivity analyses were undertaken to show how results were
sensitive to input assumptions. One-way sensitivity analyses
identified the variables that were most influential on the
results. Probabilistic sensitivity analysis, in which all
parameters were varied simultaneously using Monte Carlo
simulation to better understand the overall uncertainty and
confidence in the results.! In the probabilistic sensitivity analy-
sis, synthetic trial results were created by bootstrapping indi-
viduals from the trial,’® and randomly selecting parameter
values (unit costs and vision-to-utility conversion values). The
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Monte Carlo simulation used 10 000 iterations to create cost-
effectiveness acceptability curves.

. |
Results

The study included 213 adults with a mean (SD) age of 53 (12)
years, of whom 92 (43%) were women, 121 (57%) were men,
and 155 (73%) were white.

Costs

For participants without baseline CI-DME and vision loss over
a 5-year period, the mean (SD) total costs were $8887 ($10 375)
for the PRP group and $32 300 ($19 903) for the ranibizumab
group (difference, $23 413 [95% CI, $18 567-$28 258]). For par-
ticipants with baseline CI-DME and vision loss, the mean (SD)
costs were $22 355 ($18 730) for the PRP group and $40 825
($23 457) for the ranibizumab group (difference, $18 470
[95% CI, $6320-$30 619]).

Costs increased during a 10-year period. For participants
without baseline CI-DME and vision loss, the simulated mean
(SD) cost for the PRP group was $9509 ($10394) and $53183
($19789) for the ranibizumab group (difference, $43 675
[95% CI, $38 849-$48 500]). For participants with baseline
CI-DME and vision loss, the simulated mean total costs for
participants in the PRP group were $28 889 ($18 928) and
for the ranibizumab group, $60 979 ($21667) (difference,
$32 090 [95% CI, $20 486-$43 693]). Most costs were for the
ranibizumab therapy or treatment of systemic adverse events
(Table 1).

Health Utilities

For participants without CI-DME causing vision loss at
baseline, the improvement from ranibizumab over PRP was
0.04 QALYs (95% CI, -0.019 to 0.099) at 5 years and 0.059
QALYs (95% CI, —0.059 to 0.177) at 10 years. For those with
CI-DME causing vision loss at baseline, the improvement was
0.282 QALYs (95% CI, 0.11-0.454) at 5 years and 0.502 QALYs
(95% CI, 0.169-0.835) at 10 years (Table 2). Differences using
the QALY calculation method based on the treated eye showed
similar or smaller differences (eTables 4 and 5 in the
Supplement).

Cost-effectiveness

Treatment with ranibizumab vs PRP in participants without
CI-DME at baseline causing vision loss had an ICER of $582 268/
QALY at 5 years and $742 202/QALY at 10 years. For partici-
pants with CI-DME at baseline causing vision loss, the ICER of
ranibizumab vs PRP was $65 576/QALY at 5 years and $63 930/
QALY at 10 years. Estimates of the uncertainty in these values
are presented in the next section with the probabilistic sensi-
tivity analysis.

Sensitivity Analyses

A sensitivity analysis that included costs related to systemic
adverse events was performed because rates of systemic ad-
verse events were slightly higher in the ranibizumab group. The
ICERs increased slightly once systemic adverse events were in-
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Table 1. Mean per-Patient Costs of Treatment With Ranibizumab, 0.5 mg, and PRP

With Vision-Impairing CI-DME

Without Vision-Impairing CI-DME

at Baseline® at Baseline
PRP for PDR, Ranibizumab for
Ranibizumab for PDR and CI-DME Ranibizumab
Variable CI-DME (n = 25) (n=21) PRP (n = 87) (n =80)
Abbreviations: anti-VEGF,
At 5y of follow-up, $ - )
anti-vascular endothelial growth
Clinic visits/diagnostic procedures 1282 1954 1051 1971 factor; CI-DME, center-involved
PRP 351 16 351 21 diabetic macular edema; PDR,
Anti-VEGF injection procedure® 947 1916 255 1542 F;;{O;ifefative di?bﬁtic retiHOTathy:
g ti t tion.
Ranibizumab, 0.5 mg, therapy 16925 34264 4562 27572 o Ea'?re ||na P °| ocoagla 'Tn
Vitrectomies 1096 1336 1404 387 fth visual acuity letter score less
than 78 (approximate Snellen
Other intraocular therapies® 1755 1338 1264 807 equivalent, 20/32 or worse) at
Total (range) 22355 40825 8887 32300 baseline.

(15013-29697) (30793-50858)

Simulated 10y, $

Additional costs of ranibizumab 6534 20154
injection procedures and drug
Total (range) 283889 60979

(21470-36309) (51712-70246)

(6707-11067) (27 938-36661)

b participants in all groups received
ranibizumab, 0.5 mg, if they

621 20883 developed DME during the trial.
€ Includes treatment for ocular
9509 53183 adverse events, such as

(7324-11693)  (48847-57 520)

endophthalmitis.

Table 2. Change in QALYs and Cost-effectiveness Results (Utilities Converted From Visual Acuity in the Better-Seeing Eye)®

With Vision-Impairing DME at Baseline®

Without Vision-Impairing CI-DME at Baseline

Ranibizumab,
PRP for PDR and 0.5 mg, for PDR
Cost-effectiveness Ranibizumab for and CI-DME Ranibizumab,
Parameter CI-DME (n = 25) (n=21) Difference PRP (n = 87) 0.5mg (n =80) Difference
At5y°
Mean costs (95% Cl), $ 22355 40825 18470 8887 32300 23413
(6320 t0 30619) (18567 to 28 258)
QALYs (95% Cl) 0.02 0.30 0.282 0.015 0.055 0.04
(0.11t0 0.454) (-0.019 to 0.099)
ICER, $ NA NA 65576 NA NA 582268
At10yP°
Mean costs (95% Cl), $ 28889 60979 32090 9509 53183 43675
(20486 to 43 693) (38849 to0 48 500)
QALYs (95% Cl) 0.04 0.54 0.502 0.040 0.098 0.059
(0.169 t0 0.835) (-0.059t00.177)
ICER, $ NA NA 63930 NA NA 742202

Abbreviations: CI-DME, center-involved diabetic macular edema; DME, diabetic
macular edema; ICER, incremental cost-effectiveness ratio; PDR, proliferative
diabetic retinopathy; PRP, panretinal photocoagulation; QALYs, quality-adjusted
life-years.

2 Individuals who died had a utility of O after the date of death. In converting

from best-corrected visual acuity, letter scores were converted to Snellen
visual acuities and then to utility levels using the mapping from Brown et al.”

b Participants received ranibizumab, 0.5 mg, or PRP for PDR with and without
concomitant baseline DME (utilities converted from visual acuity in the
better-seeing eye).

cluded (eTable 6 in the Supplement). For participants with
CI-DME and vision loss at baseline, incremental costs in-
creased by $10 000 at 5 years and $7000 at 10 years, leading
to ICERs of $106 289/QALY at 5 years and $92 114/QALY at 10
years. The ICERs for participants without CI-DME and vision
loss at baseline also had slight increases to $637 613/QALY at
5 years and $812185/QALY at 10 years (eTable 6 in the
Supplement).

In 1-way sensitivity analyses, most parameter changes re-
sulted in an ICER for those with CI-DME and vision loss
remaining between $50 000 and $85 000/QALY. However, if
only 1.5 annual ranibizumab injections were required after the
fifth year, the ICER for participants with CI-DME and vision loss
would decrease to $43 854/QALY. If the utility associated with
good vision (20/20 to 20/25) were better or utility with moder-
ate vision loss (20/50 to 20/200) were worse, then the ICER for
participants with CI-DME and vision loss would decrease to

jamaophthalmology.com

approximately $50 000/QALY (eTable 7a and eFigure 1 in the
Supplement). The 1-way sensitivity analyses showed
ranibizumab was not likely to be cost-effective for those
without baseline CI-DME and vision loss. If only 1.5 annual
ranibizumab injections were required after the fifth year, the
ICER for participants without CI-DME and vision loss would
decrease to $375100/QALY (eTables 7a and 7b in the
Supplement).

Figure 1 shows how the cost of ranibizumab injections al-
tered the ICER. To have an ICER below $100 000/QALY gained,
injections of ranibizumab, 0.5 mg, must cost less than $198 per
dose for patients without baseline CI-DME and vision loss and
less than $2988 for those with CI-DME and vision loss. eFig-
ure 2 in the Supplement shows similar results using utility con-
version based on the treated eye.

Figure 2A shows how the number of annual injections
after 5 years affected cost-effectiveness. If fewer than
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Figure 1. One-Way Sensitivity Analysis of Varying Cost of Anti-Vascular
Endothelial Growth Factor (Anti-VEGF) Assuming Effectiveness
of Ranibizumab, 0.5 mg

900+
800+
700+
600
5004
400+
300+
200+
100+

0

Center-involved DME
with vision loss

No center-involved DME
with vision loss

Incremental Cost-effectiveness
Ratio, Thousands of $

1000 1500 2000

Cost of Anti-VEGF Drug, $

0 500

The incremental cost-effectiveness ratios of anti-VEGF therapy vs panretinal pho-
tocoagulation. Although there are no official thresholds of cost-effectiveness in the
United States, interventions costing less than $50 000 to $150 000 may be con-
sidered cost-effective.” The orange line represents results for patients with center-
involved diabetic macular edema (DME) and vision loss; the blue line, patients with-
out center-involved DME and vision loss.

2 injections of ranibizumab are required per year, then
ranibizumab would have an ICER less than $50 000/QALY
for participants with baseline CI-DME and vision loss. The
ICERs remained high for participants without baseline
CI-DME and vision loss (Figure 2B). eFigures 3a and 3b in
the Supplement showed similar results using utility conver-
sion based on the treated eye.

Two-way sensitivity analyses on price vs utility (eFig-
ure 4 in the Supplement), utility vs effectiveness (eFigure 5 in
the Supplement), and price vs effectiveness (eFigure 6 in the
Supplement), showed conditions under which ranibizumab
may be cost-effective for those with baseline CI-DME and
vision loss. Ranibizumab may be more cost-effective for com-
binations of patients with worse utility associated with mod-
erate vision loss, lower ranibizumab prices, or better long-
term vision outcomes with ranibizumab therapy.

The cost-effectiveness acceptability curves generated as
part of the probabilistic sensitivity analysis showed the
probability that ranibizumab injections may be cost-
effective for various levels of willingness to pay for QALYs
while taking into account the overall parameter uncertainty.
Figure 3 shows that ranibizumab injections have a 37%
chance of being cost-effective at a threshold of $50 000/
QALY, 82% at a threshold of $100 000/QALY, and 93% at
$150 000/QALY for participants with CI-DME and vision
loss. There was only a 9% chance that ranibizumab injec-
tions may be cost-effective at a high threshold of $250 000/
QALY for those without CI-DME and vision loss. Similar
results using utility conversion based on the treated eye are
shown in eFigure 7 in the Supplement.

|
Discussion

Based on this analysis of Protocol S across a 5- or 10-year
horizon, treatment with ranibizumab injections is likely to
be cost-effective for patients with PDR and CI-DME causing
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vision loss at baseline for whom ranibizumab therapy would
be administered to treat the DME. In contrast, it is unlikely
that ranibizumab injections compared with PRP would be
cost-effective for patients with PDR but without CI-DME
causing vision loss at the time of initiating treatment for
PDR across a 5- to 10-year horizon. Results are consistent
with our prior analysis, which used study results through 2
years.?

The cost of ranibizumab is substantially associated with
the cost-effectiveness of ranibizumab therapy for treating
PDR. Although ranibizumab, 0.3 mg, is available and less
expensive, Protocol S used ranibizumab, 0.5 mg; therefore,
the costs of the 0.5-mg dose were used for this analysis.
While use of the 0.3-mg dose may reduce costs, it is
unknown how this dosage would alter the effectiveness of
the drug; therefore, we cannot calculate with certainty how
the use of ranibizumab, 0.3 mg, would have altered the
ICERs reported in this study. It is also difficult to extrapolate
this cost-effectiveness analysis to other readily available
anti-VEGF agents, including aflibercept or bevacizumab
because the 2- to 5-year outcomes of those agents with
regard to visual acuity, number of visits or injections,
incidence of DME with vision loss, vitrectomy for vitreous
hemorrhage or traction retinal detachment, or peripheral
visual field loss are unknown at this time. However, if other
anti-VEGF agents were equally as effective as ranibizumab,
0.5 mg, but cost much less (eg, $50 per dose, which is close
to the cost of intravitreous bevacizumab in the United
States and in many other countries), then anti-VEGF therapy
may be cost-effective even for those without DME causing
vision loss at baseline (Figure 1 and eFigure 1 in the Supple-
ment). In addition, ranibizumab may be more cost-effective
for certain subgroups of patients with CI-DME. For example,
for patients with greater fear concerning vision loss (lower
utility with moderate vision loss), ranibizumab may be
more cost-effective. For patients without CI-DME, we did
not find subgroups for whom ranibizumab would be cost-
effective.

The probabilistic sensitivity analysis (Figure 3 and eFig-
ure 7 in the Supplement) showed that there is substantial un-
certainty in the precise ICER of ranibizumab therapy vs PRP
for patients with PDR and CI-DME causing vision loss at base-
line. This is likely because there were only 46 patients en-
rolled whose 1 eye also had baseline CI-DME and vision loss.

Strengths and Limitations

We are unaware of other large randomized clinical trials with a
follow-up of 5 years evaluating anti-VEGF vs PRP for PDR with
which to compare these results. However, the strengths of this
study include random assignment of a relatively large cohort,
excellent adherence to treatment regimens with few protocol
deviations that could likely alter the outcomes analyzed, and
prospective collection of data for this preplanned secondary out-
come on cost-effectiveness through 5 years. Considering the sta-
bility of visual acuity, number of injections, and number of PRP
sessions in years 3 through 5, there is greater confidence to the
assumptions made when simulating the 10-year cost-
effectiveness results.
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Figure 2. Two-Way Sensitivity Analysis of Number of Annual Injections
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The colors in the figures represent the incremental cost-effectiveness ratios
(ICERs) of therapy with ranibizumab, 0.5 mg, vs panretinal photocoagulation
(PRP). Although there are no official thresholds of cost-effectiveness in the

United States, interventions costing less than $50 000 to $150 000 may be
considered cost-effective.” The color scales are an order of magnitude different.

Figure 3. Cost-effectiveness Acceptability Curves
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Limitations of this analysis include the large proportion of
individuals in each group lost to follow-up, although post hoc
analyses of these groups did not identify obvious differences
among the 5-year completers in each group.! Also, these 5-year
results and simulations for 10-year horizons used best-
corrected visual acuity in the better-seeing eye or the study
eye as a surrogate for overall health-related quality of life. This
surrogate outcome may not capture all aspects of quality of
well-being associated with receiving these interventions and
do not capture the effects of these therapies on measure-
ments of peripheral visual fields. There are also concerns com-
paring utilities anchored at perfect vision with cost-
effectiveness thresholds anchored at perfect health.® When we
used a method with utilities anchored at perfect health
(eTable 5in the Supplement), ranibizumab therapy became less
cost-effective. Furthermore, only direct medical costs of
select events were captured rather than other costs, such as
caregiver burden, transportation costs to visits, and costs as-
sociated with time away from work. These latter variables may

jamaophthalmology.com

have an adverse effect on the cost-effectiveness in the
ranibizumab group, which had a 3-fold greater number of in-
jections and a 4-fold greater number of visits compared with
the PRP group at 5 years. These additional burdens could make
ranibizumab less desirable from the perspective of patients.
In addition, when PRP was performed at the time of this study,
there was a 90-day global period before payment for
additional PRP could be given. In 2019, the reimbursement for
PRPis much less, and the global period is 10 days. It is unclear
how or whether these changes may affect costs associated with
PRP in routine clinical care, but they do not affect the effi-
cacy of PRP as performed in this study. An additional limita-
tion, the number of eyes with CI-DME with vision loss at
baseline was small in this study, although the sensitivity
analyses, particularly the probabilistic sensitivity analysis, ex-
plore some of that uncertainty. Finally, as noted for the
cost-effectiveness analysis at 2 years, the use of investigator
discretion to assess CI-DME treatment after the baseline visit
may affect these 5-year cost-effectiveness analyses.
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Conclusions

Our analysis suggests that ranibizumab, 0.5 mg, vs PRP as given
in this trial for treating PDR is within the $50 000/QALY to
$150 000/QALY range, which is frequently cited as cost-
effective in the United States for eyes presenting with, but not
for those without, PDR and CI-DME causing vision loss at 5 years
and a simulated 10-year horizon. A lower price for an equally
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Beringer (P); Kathy J. Selchert (P). Medical Center
Ophthalmology Associates, San Antonio, Texas (4
participants): Michael A. Singer (1); Darren J. Bell (I);
Catherine Ellis (C); Tamara M. Urias (C); Beatrice A.
Guajardo (C); Roxanne Gomez (V); Ann-Marie Mora
(V); Celia Maria Pena (P); Vincent Segovia (P); Rosa
Escobar (P). Retina-Vitreous Surgeons of Central
New York PC, Syracuse, New York (4 participants): G.
Robert Hampton (1); Jamin S. Brown (1); Laurie J.
Sienkiewycz (C); Cindy J. Grinnell (C); Lynn M.
Kwasniewski (V); Michelle L. Manley (V); Nicole E.
Robarge (P); Peter B. Hay (P); Teresa M. DeForge
(P). Wolfe Eye Clinic, West Des Moines, lowa (4
participants): Jared S. Nielsen (I); Kyle J. Alliman (1);
Marianne Parker (C); Bethany George (C); Jennifer
L. Coleman (V); Jamie Spillman (V); Marilyn A.
Johnson (V); Holly Keenan (V); Bailey R. Bennett
(P); Jay Rostvold (P); Jodi Weier (P). Austin Retina
Associates, Austin, Texas (3 participants): Robert W.
Wong (1); Shelley Day (I); Peter A. Nixon (I); Chris A.
Montesclaros (C); Carrie E. Leung (C); Phill Le (V);
Margaret A. Rodriguez (P); Mary Laremont (P); Cory
Mangham (P); Codey L. Harborth (P). Retinal and
Ophthalmic Consultants PC, Northfield, New Jersey
(3 participants): Brett T. Foxman (I); Scott G.
Foxman (I); Natalie S. Mahan (C); Chastity Mendez
(V). University of Rochester, Rochester, New York (3
participants): David Allen DiLoreto (1); George W.
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O'Gara (C); Andrea M. Czubinski (C, V); Kari M.
Steinmetz (C); Melissa S. Keim (V); Yvonne F. Yu (V);
Salina M. Tongue (V); Dan A. Castillo (V); Laura
Guzman (P); Lynn Singer (P); Rachel Hollar (P);
Taylor A. Pannell (P); Brittany S. Richardson (P);
Brandi N. Deats (P); Steven DeRidder (P); TKe Long
(P). University of Washington Medical Center,
Seattle, Washington (3 participants): James L.
Kinyoun (1); Gurunadh Atmaram Vemulakonda (I);
Susan A. Rath (C, V); Patricia K. Ernst (C, V); Juli A.
Pettingill (V); Brad C. Clifton (P); James D. Leslie (P);
Ronald C. Jones (P). Spokane Eye Clinic, Spokane,
Washington (3 participants): Robert S. Wirthlin (1);
Eric S. Guglielmo (1); Eileen A. Dittman (C, V); Dylan
C. Waidelich (C, V); Christina Owens (V); Vicki M.
Stanton (P); Adeline M. Stone (P); Ashley Nicole
Oakes (P); Cristofer J. Garza (P). Bay Area Retina
Associates, Walnut Creek, California (3 participants):
Stewart A. Daniels (1); Tushar M. Ranchod (1); Stacey
Touson (C, V); Shannon R. Earl (C); Jessica Garcia
(V); Melissa C. Bartlett (V); Christine Fernando (V);
Jose Carlos Suazo (P); Grace M. Marudo (P);
Matthew D. Hughes (P); Fred Hanamoto (P); Cathy
Walker (P); Betty Hom (P); Leah M. McNeil (P);
Yesenia Cerna (P). Retina Specialists of Michigan,
Grand Rapids, Michigan (2 participants): Thomas M.
Aaberg (1); Scott J. Westhouse (1); Holly L. Vincent
(C, V); Rebecca Malone (V); Kristine L. VanDerKooi
(P); Casey Le Roy (P); Kathy L. Karsten (P). Retina
and Vitreous of Texas, Houston, Texas (2
participants): Joseph A. Khawly (1); H. Michael
Lambert (1); Pam S. Miller (C, V); Valerie N. Lazarte
(V); Debbie Fredrickson (V); Colin Blank (P); Donald
K. Lowd (P); Desiree Lopez (P); Jason E. Muniz (P);
Lorena R. Martinez (P). Baylor Eye Physicians and
Surgeons, Houston, Texas (2 participants): Petros
Euthymiou Carvounis (1); Robert E. Coffee (1);
Pejman Hemati (C, V); Cindy J. Dorenbach (C, V);
Annika S. Joshi (C, V); April Leger (V); Dana B.
Barnett (P); Joseph F. Morales (P). Retina Vitreous
Consultants, Monroeville, Pennsylvania (2
participants): Karl R. Olsen (I); P. William Conrad (1);
Pamela P. Rath (1); Judy C. Liu (I); Bernard H. Doft
(1); Robert L. Bergren (1); Lori A. Merlotti (C); Mary
E. Kelly (C); Holly M. Mechling (C); Jennifer L.
Chamberlin (C); Missy A. Forish (V); Veronica L.
Bennett (V); Christina M. Schultz (V); Grace A.
Rigoni (V); Lois Stepansky (V); Kimberly A. Yeckel
(V); Kellianne Marfisi (V); Christina R. Fulwylie (V);
Julie Walter (V); Courtney L. Foreman (P); David
Steinberg (P); Brandi L. Sherbine (P); Amanda Fec
(P); Keith D. McBroom (P). University of
Pennsylvania Scheie Eye Institute, Philadelphia,
Pennsylvania (2 participants): Alexander J. Brucker
(1); Benjamin J. Kim (1); Sheri Drossner (C, V); Joan
C. DuPont (C, V); Armin Farazdaghi (V); Laurel
Weeney (P); Michael Bodine (P); Beth Serpentine
(P); Cheryl Devine (P); Jim M. Berger (P); William
Nyberg (P). Retina Associates of Florida PA, Tampa,
Florida (2 participants): lvan J. Suner (I); Marc C.
Peden (1); Mark E. Hammer (1); Janet R. Traynom
(C); Rochelle DenBoer (C); Susan Ramsey (V); Heidi
Vargo (V); Debra Jeffres (P); Anita Kim Malzahn (P).
Wilmer Eye Institute at Johns Hopkins, Baltimore,
Maryland (1 participant): Sharon D. Solomon (1);
Susan Bressler (1); Lisa K. Levin (C); Mary Frey (C,
V); Deborah Donohue (C, V); Rita L. Denbow (V);
Keisha Murray (V); David Emmert (P); Joe Belz (P);
Janis Graul (P); Jacquelyn McDonald (P); Nick
Rhoton (P). Montefiore Medical Center, Bronx, New
York (1 participant): Umar Khalil Mian (I); Rebecca L.
Riemer (C); Louise V. Wolf (C); Evelyn Koestenblatt
(C); Erica Otoo (V); Irina Katkovskaya (V); Christine
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Kim (V); Kevin A. Ellerbe (P); Caroline Costa (P);
Kenneth Boyd (P). Retinal Diagnostic Center,
Campbell, California (1 participant): Amr Dessouki
(I); Joel M. Barra (C); Jessenia Perez (C); Rose
Monahan (C); Kelly To (V); Hienmy Dang (V); Tim
Kelley (P). Rush University Medical Center, Chicago,
Ilinois (1 participant): Mathew W. MacCumber (1);
Eileen E. Tonner (C, V); Danielle R. Carns (C); Denise
L. Voskuil-Marre (C, V); Evan R. Rosenberg (V);
Kisung Woo (P). Texas Retina Associates, Dallas,
Texas (1 participant): Gary E. Fish (I); Sally
Arceneaux (C, V); Karen Duignan (V); Nicholas
Hesse (P); Michael Mackens (P). North Shore
University Health System, Glenview, lllinois (1
participant): Manvi P. Maker (1); Mira Shiloach (C, V);
Courtney Kastler (P); Lynn Wasilewski (P). Retina
Associates of Kentucky, Lexington, Kentucky (1
participant): Thomas W. Stone (1); John W. Kitchens
(1); Diana M. Holcomb (C, V); Jeanne Van Arsdall
(V); Edward A Slade (P); Michelle Buck (P). Southern
California Desert Retina Consultants MC, Palm
Desert, California (1 participant): Clement K. Chan
(1); Maziar Lalezary (1); Kimberly S. Walther (C);
Tiana Gonzales (C); Lenise E. Myers (V); Kenneth M.
Huff (P). Retinal Consultants of Arizona, Phoenix,
Arizona (1 participant): Karim N. Jamal (I); David T.
Goldenber (1); Sachin Mehta (1); Scheleen R. Dickens
(C); Jessica L. Miner (C); Heather Dunlap (V); Lydia
Saiz (V); Dayna Bartoli (P); John J. Bucci (P); Rohana
Yager (P). Sarasota Retina Institute, Sarasota,
Florida (1 participant): Melvin Chen (1); Peggy A.
Jelemensky (C); Tara L. Raphael (V); Mark Sneath
(P); Evelyn Inlow (P). The Retina Institute, St. Louis,
Missouri (1 participant): Kevin J. Blinder (1); Ginny S.
Nobel (C); Rhonda F. Weeks (C, V); Maria A. Stuart
(V): Brook G. Pulliam (V); Kelly E. Pepple (V); Lynda
K. Boyd (V); Timothy L. Wright (P); Dana L. Gabel
(P); Jarrod Wehmeier (P).

Disclaimer: Dr Bressler is the Chief Editor and Dr
Sun is the CME Editor of JAMA Ophthalmology, but
they were not involved in any of the decisions
regarding review of the manuscript or its
acceptance.

Additional Contributions: Genentech provided
ranibizumab for the study and funds to the
DRCR.net to defray the study’s clinical site costs. As
per the DRCR.net Industry Collaboration Guidelines
(available at http://www.drcr.net), the DRCR.net
had complete control over the design and conduct
of the study; collection, management, analysis, and
interpretation of the data; and preparation, review,
or approval of the manuscript; and decision to
submit the manuscript for publication.
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Invited Commentary

Recognizing the True Cost of Medical Spending—
An Assessment of Ranibizumab for Retinal Disorders

Steven M. Kymes, PhD; David Vollman, MD

The discipline of economics has been called the dismal science
by some.! The moniker is well earned, because a primary ques-
tion considered by economists is how goods are distributed in
communities. The term goods refers to things that are valued,
= such as food, education, and
housing (hence, they are said
tobe good). One of the certain-
ties about something good is that there is more demand than sup-
ply, ensuring scarcity. This means that to obtain more of a de-
sired good, individuals need to give up another good that is also
desired. For instance, when a person buys a car, he or she gives
up money that was earned by surrendering leisure time; so, the
person trades leisure time for the car. When a young woman or
man desires to become an ophthalmologist, she or he gives up
4 years of time in medical school and 4 years in an internship
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and residency that they could have spent pursuing another ca-
reer. Given this constant focus on trade-offs, one can under-
stand why economists are seen as practicing a dismal specialty.

Health is a good, and vision is an element of health. To ob-
tain good vision, as with other kinds of health, requires trade-
offs, and that is what the Diabetic Retinopathy Clinical Re-
search (DRCR) Retina Network? is bringing to light in their study
in thisissue of JAMA Ophthalmology. Since its US Food and Drug
Administration approval in 2006, ranibizumab has provided life-
changing improvement to people with a number of retinal dis-
orders, including macular degeneration,> diabetic retinopathy,*
and retinal vein occlusion.’® Given such success, it is no surprise
that physicians would see it as the first-line treatment for all reti-
nal diseases. But in this preplanned secondary analysis from the
Protocol S DRCR Retina Network study,? the investigators dem-
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