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Abstract

Purpose—To evaluate costs of panretinal photocoagulation (PRP) vs. intravitreal ranibizumab
(IVR) for proliferative diabetic retinopathy (PDR).

Design—A Markov-style model of cost-effectiveness and cost utility.
Participants—There were no participants.

Methods—Based on results from Diabetic Retinopathy Clinical Research (DRCR) Network
Protocol S, we performed a Markov-style analysis to generate the total 2-year costs for each
treatment arm. The cost per line-year saved and cost utility were calculated based on the estimated
life years remaining. Both treatment arms were assumed to result in 9 lines of vision saved in 20%
of patients. Medicare reimbursement data were acquired to determine costs, which were then
separately calculated for practice settings of a hospital-based facility as the highest end of the cost
range and a nonfacility in the same geographic area as the lowest end. Cost parameters for a
prototypical patient's life expectancy also were modeled and calculated.

Main Outcome Measures—Inputed cost of therapy, cost per line saved, cost per line-year
saved, and cost per quality-adjusted life years (QALY).

Results—When PRP was the primary treatment, the 2-year cost in the facility setting was $13
053, with cost per line saved $7252, cost per line-year $240, and cost per QALY $7988. In the
nonfacility setting costs were approximately 21% lower. When IVR was the primary treatment, the
2-year cost in the facility setting was $30 328, cost per line saved was $16 849, cost per line-year
$575, and cost per QALY $19 150. In the nonfacility setting costs were approximately 15% lower.
Extrapolation to lifetime therapy yielded the cost per QALY with PRP treatment of $14 219 to $24
005 and with IVR of $138 852 to $164 360. Cost utility for PRP would be 85% lower than IVR in
the facility setting and 90% lower than IVR in the nonfacility setting.
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Conclusions—PRP compared with IVR as primary treatment for PDR is less expensive over 2
years, but both fall well below the accepted cost per QALY upper limit. However, over an average
lifetime, the cost differential between PRP and IVR increases, and IVR therapy may exceed the
typical accepted limit of cost per QALY.

Methods

Diabetic retinopathy is a prevalent disease affecting more than 8 million Americans, with a
predicted increase of 35% by 2032.1 In the United States, the economic impact of
retinopathy-associated morbidity is estimated at more than $620 million per year.2 The
Diabetic Retinopathy Study (DRS) data demonstrated a 50% reduction in severe visual loss,
defined as visual acuity (VA) <5/200 at 2 or more consecutively completed visits at 4-month
intervals, in eyes that received photocoagulation.3

The first-line treatment for diabetic retinopathy is principally preventive—dmaximal control
of the metabolic dysfunction of the disease. In contrast, proliferative diabetic retinopathy
(PDR) warrants panretinal photocoagulation (PRP) not only to prevent future progression
but also to effect regression of existing proliferative disease, with the goal of maximizing
visual function. Panretinal photocoagulation was established as the standard of care after the
DRS results more than 30 years ago.* Its principal mechanism of action seems to occur via
reducing vascular endothelial growth factor (VEGF).>8 Indeed, intravitreal anti-VEGF
therapy has become recognized as a feasible alternative to treatment of PDR during the past
10 years.”8

Ranibizumab (Lucentis; Genentech, Inc., South San Francisco, CA) is a recombinant,
humanized, monoclonal antibody fragment that binds and inactivates all active iso-forms of
human VEGF-A, which has been implicated in promoting neovascularization.?-10 Treatment
with intravitreal ranibizumab (I'VR) has been shown to have a synergistic effect with PRP
and most recently has been shown to be noninferior to PRP in regard to improvement in

VA 1112 |n addition, anti-VEGF agents reduce the risk of worsening diabetic retinopathy in
patients with diabetic macular edema (DME) as well, 1314 although the utility of that
potential benefit has not been delineated. Furthermore, DME often coincides with PDR and
is subject to anti-VEGF treatment. The obvious concerns with the paradigm shift in treating
PDR are that chronic anti-VEGF therapy is expensive and may have deleterious side effects.

The purpose of this study was to calculate the parameters of cost-effectiveness using a
Markov-style decision-tree analysis for treatment of PDR with PRP and IVVR.

This cost-utility analysis incorporated published use and outcomes data from the Diabetic
Retinopathy Clinical Research (DRCR) Network Protocol S, a randomized clinical trial
comparing PRP with IVR as the primary treatment for PDR.12 The basis of the current study
was to calculate costs of 2 different scenarios using a Markov-style decision analysis (Fig 1).
Institutional review board approval was not required because there were no research
participants or medical records reviewed. Our model used the Protocol S results as an index
study to quantitate cost parameters using the mean number of treatments of PRP and IVR, as
well as focal laser and pars plana vitrectomy (PPV), for a patient with PDR.
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Medicare fee data from 2016 were acquired from the Centers for Medicare and Medicaid
Services (CMS) to ascertain the allowable cost (in US dollars) associated with each
procedure, injection, study, or office visit.1>—17 Costs were calculated for both a hospital-
based facility (with any necessary PPV surgery performed in a hospital operating room) and
a nonfacility (i.e., office-based clinical services with vitrectomy performed in an ambulatory
surgery center) in the same geographic area to demonstrate the range of potential
reimbursement settings. Professional fees (including the use of an anesthesiologist in the
operating room for the fraction needing PPV) and facility fees were included in the
calculations.

The dollars conversion factor per relative value unit (RVU) used was $35.82, the established
rate for 2016.18 The equation used to calculate the cost for a given provider service included
work RVUs in the form of professional fees, practice expense RVUs, and malpractice RVUs.
Each of these factors was subject to geographic modifiers; the rates for New York, New
York, were used in this analysis.1®

On the basis of the index study,12 a Markov-style decision analysis was used to generate a
total cost for each treatment arm.1® The primary analysis incorporated the costs over 2 years,
as encountered in the index study, and assumed no other costs would be incurred and that the
VA would remain stable beyond that interval until the end of the patient's life expectancy. In
scenario 1, the initial treatment was PRP, whereas in scenario 2 the initial treatment was
IVR. Costs for patients who received secondary injections of ranibizumab in the PRP arm
were accounted for, as well as those who received secondary PRP in the IVR arm.

The Current Procedural Terminology (CPT) codes used for the procedures were as follows:
67228 for PRP, 67028 for intravitreal injection, 67210 for focal laser, and 67040 for PPV
with laser (Table 1). A comprehensive eye code (CPT 92004) was included as the initial
visit, with subsequent follow-up visits calculated using the intermediate eye code (CPT
92012). The Healthcare Common Procedure Coding System code used for ranibizumab was
J2778. The reimbursement schedules for procedures were based on the CMS terminology
for procedures performed in the facility and nonfacility settings.

Reimbursement per 0.1-mg unit of ranibizumab is $388 according to the 2016 CMS
reimbursement rates.2 A drug maintenance cost of 6% of the medication cost was applied to
the overall injection cost in each group. As used in this study, a dose of ranibizumab 0.5 mg
would cost $1938, and the 6% stocking fee would be $116. In the facility setting, the cost
was considered to be both the professional and hospital fees; in the nonfacility setting, the
cost was limited to the professional fee because there were no facility charges for laser or
injections. It was assumed that all injections were done in the office setting, so no anesthesia
professional fees were applied.

The DRS defined severe visual loss in untreated eyes as visual acuity of 5/200 or worse, so
the number of lines saved would be 9 if we were to assume that 20/100 vision would be
otherwise maintained.*21 Data from this study showed a 20 percentage point differential
benefit: 0.2x9 lines = 1.8 lines saved.* An average age of 51 years in the PRP group and 52
years in the IVR group was used, with 43% and 45% female patients within those groups,
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respectively.1? The years of life expectancy were obtained from the actuarial tables of the
Social Security Administration and weighted by gender.22 Quality-adjusted life year
(QALY) data were adapted from previously published articles; a conversion of 0.03 QALY
per line-year of vision saved was applied.23 In all cases, the VA of the treated eye was
assumed to be equal to or worse than that of the fellow eye.

Whereas the cost analysis of this study assumes there were no additional costs after 2 years,
more “real-world” application prompted estimates of additional treatment beyond this
period; calculations assumed a 5% re-treatment rate per year for 2 years for additional PRP
and an average of 2 yearly injections carried out over the years remaining. With the
likelihood of decreasing injection burden for subsequent years and without knowing what
the lasting effects of IVR injections are over a patient's lifetime, 2 injections per year for the
years of life remaining is a conservative estimate. Beyond 2 years, the PPV rates were
assumed to be 5% per year for 2 additional years in the PRP group and 2.5% per year for 2
additional years in the IVR group. These future costs per QALY factored in a standard 3%
inflation rate per year. Calculations and analyses were performed using Microsoft Excel
(Microsoft Corp., Seattle, WA).

The assumed costs were calculated for each procedure, including the facility and
professional fees (Table 1). Estimated frequency of resource use was based on the average
number of treatments over 2 years in the PRP or IVVR arm (Table 2), because this was the
duration of Protocol S follow-up. These results yielded cost-utility measures (Table 3).

Scenario 1, Panretinal Photocoagulation as Primary Treatment

For facility billing with hospital surgery, the imputed 2-year cost for treatment was $13 053.
The cost per line of vision saved was $7252, whereas the cost per line-year saved was $240.
The cost per QALY was $7988.

In the nonfacility setting, the imputed 2-year cost for the same duration of treatment was $10
290. The cost per line of vision saved was $5717. The cost per line-year saved was $189,
and the cost per QALY was $6297.

Scenario 2, Intravitreal Ranibizumab as Primary Treatment

In the facility setting with hospital surgery, primary treatment with IVR yielded an imputed
2-year cost of $30 328. The cost per line saved was $16 849, the cost per line-year saved was
$575, and the cost per QALY was $19 150.

In the nonfacility setting, the imputed 2-year cost for ranibizumab was $25 716. The cost per
line was $14 287, the cost per line-year saved was $487, and the cost per QALY was $16
238.

This cost analysis used the Food and Drug Administration—-approved ranibizumab dosage of
0.5 mg, which was different from the 0.3 mg labeled for use in PDR associated with DME,
but follows the protocol used in Protocol S.12 Because providers can only give ranibizumab
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at the 0.3-mg dose in the United States, cost utilities for this dose also were calculated (Table
4). A dose of ranibizumab 0.3 mg would cost $1163 with the 6% stocking fee of $70. Using
these numbers, the cost difference between 0.5 mg and 0.3 mg would be a reduction of
$1860 per QALY in the PRP treatment arm (decrease of 23% in facility and 30% in
nonfacility) and a reduction of $5602 per QALY in the IVR treatment arm (decrease of 29%
in facility and 34% in nonfacility).

An analysis substituting intravitreal bevacizumab (IVB), assuming a cost of $100 per 1.25-
mg dose and assuming the same number of injections and same effects, also was calculated.
This yielded a 2-year cost per QALY of $5864 in the facility setting, a 69% decrease
compared with IVR. In the nonfacility setting, the cost per QALY of 1\VVB over 2 years was
$2952, an 82% decrease compared with IVR.

The “real-world” extended PRP treatment beyond the initial 2-year period yielded an
additional annual cost of $861 over the second 2 years (including 5% annual PRP re-
treatment rate and 5% annual PPV rate), whereas office visits and imaging would add $579
yearly after in the facility setting; over the average number of life years remaining, this
yields a total cost per QALY of $24 005. In the nonfacility setting, the additional annual cost
of PRP would be $462 over the second 2 years and $284 yearly after, yielding a lifetime cost
per QALY of $14 219. If primary treatment with VR was to require 2 average injections per
year after the initial 2-year follow-up period, this would cost an additional $5600 per year
for the second 2 years (including 2.5% annual PPV rate) and $5479 yearly thereafter in the
facility setting, resulting in a cost per QALY of $164 360 over the average number of life
years remaining. In the nonfacility setting, treatment with VR would cost an additional
$4706 for the second 2 years and $4627 per year annually thereafter, yielding a lifetime cost
per QALY of $138 852 (Fig 2).

For treatment with 1\VVB beyond 2 years, assuming the identical number of treatments needed
as in IVR, cost per QALY over the average number of life years remaining in the facility
setting would be $47 915, whereas in the nonfacility setting this would be $22 407. This
would make treatment with IVB 71% to 84% less than IVR over a lifetime, and primary
treatment with PRP would be 37% to 50% less than 1VB.

Discussion

This study used Markov-style modeling of the costs of primary treatment of PDR and found
a lower cost utility using PRP as the initial treatment in both the facility and nonfacility
settings, yielding a cost per QALY 58% to 61% lower than that for I\VVR as the primary
treatment over the first 2 years. This suggests that based on cost-based measures, PRP is still
the less-expensive therapy for patients with PDR regardless of the practice setting. However,
both PRP ($6297-$7988) and IVR ($16 238-$19 150) initial treatments are well below the
QALY value considered by health policymakers ($50 000-$100 000) to be acceptable.24
Furthermore, because the baseline and final visual acuities were approximately 5 lines better
(median VA of ~20/32) in the DRCR study 12 compared with the DRS, the cost outcome
parameters might be approximately 30% lower. The cost utility of intravitreal therapy in this
study compares favorably to that in studies that evaluated the use of intravitreal therapy in
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DME, because PDR therapy prevents a higher magnitude of vision loss and requires fewer
injections.25:26

However, the primary analysis included only 2 years of treatment and assumes a durable
lifetime treatment effect without additional costs. Considering the more likely application of
anti-VEGF therapy for the patient's lifetime, the cost increases, and more so than for PRP-
based treatment. The current analysis assumed diabetic patients to have a life expectancy
(and need for future treatment) equivalent to that of the general population. Although this
assumption may not be far from the truth, one study estimated a 10% to 20% shorter life
expectancy, so costs per QALY would be higher in the 2-year model and beyond for both
therapies.27:28

The practical and cost advantages of PRP are that fewer visits are required, which may also
lessen the impact of visit noncompliance possible with IVR. Once PRP is complete and PDR
is stabilized, additional treatments for PDR generally are not needed, whereas the duration
of treatment necessary with IVR is unknown and likely indefinite.2%30 Continued follow-up
needs for PRP-treated patients are less extensive (and being lost to follow-up less
consequential with PRP compared with IVR treatment).

A disadvantage of PRP is that it is a destructive treatment by nature, which is manifested by
peripheral visual field loss, noted in Protocol S and the DRS, in which eyes treated with
xenon had more severe visual field loss compared with eyes treated with argon laser.12:31
The possibility and utility implications of induced glaucoma or PRP-induced visual field
loss were beyond the scope of this study, but we would estimate that it would likely play a
small factor.32-34 |n addition, more vitrectomies were performed in the PRP compared with
the IVR group,12 although the 15% rate seems higher than in our experience.

A factor that Protocol S introduced was the coexistence of PDR and DME, which has a
confounding effect on evaluating these treatment benefits because 1VR has the dual
advantage of being a useful treatment of DME and PDR. Substantial numbers of patients
had coexisting baseline DME in the DRCR study (23% in the PRP group and 22% in the
IVR group).12 The concurrent treatment of DME with anti-VEGF therapy in both groups
explains why the cost differential between the 2 treatments is less disparate than one might
intuitively presume. Intravitreal ranibizumab can improve VA and vision-related quality of
life in a substantial fraction of patients, and coincident use may even prevent (as opposed to
simply treating existing) some DME.3® Considering costs, VEGF inhibitors with or without
laser treatment for DME compared more favorably with laser or triamcinolone alone.36
Thus, using IVR to treat both DME and PDR furthers its benefit. Although more than half of
patients being treated with PRP eventually require intravitreal injections (presumably as they
develop DME), only 6% of subjects in the IVR treatment arm from Protocol S needed
PRP.12 Retinopathy grade regressed in the IVR group more than in the PRP group, but the
clinical value awaits quantitation.

Estimates extending treatment beyond the 2-year period of the DRCR study demonstrate the
substantial additional cost of chronic injection-based therapy, which decreases the cost
utility; PRP yields an 85% decrease (facility) and a 90% decrease (nonfacility) in the
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average lifetime cost per QALY compared with IVR. Treatment with IVR would take 18 to
21 years after the initial 2-year treatment period to exceed the $100 000 cost-utility
threshold. This might suggest targeting younger patients with PRP and older patients with
IVR from a cost-utility standpoint. Although there were no significant safety concerns
identified in the IVR group, experience with larger studies of IVR (or other anti-VEGF
injections) suggests a finite adverse event rate (i.e., endophthalmitis, lens damage) that may
be higher than PRP, including events in the Medical Dictionary for Regulatory Activities
system organ classes of cardiac, endocrine, infections/infestations, respiratory, skin, and
surgical disorders.12 Although PRP carries no risk of endophthalmitis or systemic exposure
to anti-VEGF therapy, it has been suggested that long-term treatment with anti-VEGF agents
may increase the possibility of death and cerebrovascular accidents,3” although this has not
yet been fully substantiated.

An alternative strategy that might reduce costs for intravitreal anti-VEGF therapy could be
to substitute off-label use of IVB for IVR (69% facility and 82% non-facility reduction of
costs per QALY of IVB over IVR), which also has been reported to be cost-effective in the
treatment of DME.38 Cost estimates for lifetime I\VB therapy compared more favorably to
PRP, staying well below the $100 000 cost-utility threshold. Yet the use of formulated, off-
label use has been met with implementation hurdles constructed in the spirit of enhancing
patient safety.

Study Limitations

The limitations of this type of financial modeling are substantial. Although the primary
model carries limitations primarily propagated from time and protocol limitations of the
DRCR study, transferability of any study results to the general population is not exact, but
likely would lead to a lower cost due to lower resource use. In addition, the current model
was based on Medicare costs in New York; a rough estimate is that if New York represents
the high end of allowable costs, the lowest end introduces only approximately a 10% cost
reduction and would be congruous between the 2 groups.

Moreover, the analysis of full-term treatment is contingent on the accuracy of the current
study's assumptions, most importantly regarding the need and duration of ongoing
injections, which this study could only estimate at 2 per year. The management of diabetic
patients is multifaceted; thus, the true cost utility of treatment for PDR may not be
completely reflected. The DRCR study population as a group seems to have better sight than
the DRS patients, which, as noted earlier, would underestimate the utility of both treatment
options, reducing cost per QALY estimates even more. In addition, type 1 and type 2
diabetic patients were not stratified; the differential cost utility of PRP for patients with
onset of disease at a younger age would be expected to be greater because of longer
treatment durations.

The results of this study should be seen as providing some insight into the cost arm of the
“triple aim” of health care goals, assuming the validity of the conclusion of the Protocol S
report that both treatment options are equivalent in their health improvement ramifications.3°
However, considering patient satisfaction with, for example, sustained injections is beyond
the scope of this study. However, it has been demonstrated that the utility of maintaining
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vision decreases cost use due to other medical conditions, and preserving more patients in
the workforce avoids other public assistance costs. These considerations were not
incorporated in the study model. Also, information from qualified clinical data registry
reporting, specifically the Intelligent Research in Sight Registry of the American Academy
of Ophthalmology, may be used to guide future Markov-style models in assessing cost utility
of treatments.

This study model presumes the same QALY for both 1VVR and PRP because there may be
functional differences in quality of life between the 2 treatments. The use of 0.03 QALY per
line year may be a more generous estimate when the range of severe visual loss is
considered; the true QALY benefit in the treatment of PDR may be slightly lower. Thus,
there are clinical and cost considerations that may not be captured by this model.

This study demonstrates the short-term cost utility of both PRP and IVR in the treatment of
PDR, with overall cost utility of PRP 58% to 61% lower than that of IVR in the first 2 years.
Because they are both initially under the accepted cost per QALY, this model reveals that the
costs of both treatments are not as significantly different as one might expect, giving the
physician flexibility in determining which treatment should be started first. The principal
finding of Protocol S was that both approaches yielded similar clinical results and thus need
not form a constraining algorithm of care but rather cogent and possibly customizable
options for the patient with PDR and the physician. However, full life expectancy treatment
estimates yield a cost per QALY differential of 85% to 90% less for PRP compared with
IVR and challenges the acceptable cost-utility figures for IVR treatment. Perhaps
implementation strategies including targeting certain higher-risk groups or substituting
lower-cost anti-VEGF treatments may be developed to enhance cost utility.
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CMS Centers for Medicare and Medicaid Services
CPT Current Procedural Terminology
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IVR intravitreal ranibizumab

PDR proliferative diabetic retinopathy
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PRP panretinal photocoagulation

QALY quality-adjusted life year
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VEGF vascular endothelial growth factor
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Figure 1.
Decision model used for Markov-style analysis. Focal laser not shown.
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sm===Facility-based cost (IVR)

s====Non-Facility based cost
(IVR)

““Facility-Based Cost (PRP)

es==Non-Facility Based Cost
(PRP)

Estimated cost utility of additional therapy beyond 2 years (panretinal photocoagulation
[PRP] and intravitreal injection ranibizumab [IVVR]). QALY = quality-adjusted life year.
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Table 2
Estimated Use of Resources Based on Initial Procedure over 2 Years
Procedure CPT Code Scenariol, PRP Scenario2, IVR
New comprehensive eye examination 92004 1 1
Intermediate follow-up examination 92012 55 15.25
PRP 67228 15 0.06
Intravitreal injection 67028 3.7 10.8
OCT 92134 3 3
Fundus photography 92250 3 3
Focal laser 67210 0.1 0.08
PPV with PRP 67040 0.15 0.04
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CPT = Current Procedural Terminology; IVR = intravitreal injection ranibizumab; OCT = optical coherence tomography; PPV = pars plana

vitrectomy; PRP = panretinal photocoagulation.
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