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IMPORTANCE Ranibizumab is a viable treatment option for eyes with proliferative diabetic
retinopathy (PDR) through 2 years. However, longer-term results are needed.

OBJECTIVE To evaluate efficacy and safety of 0.5-mg intravitreous ranibizumab vs panretinal
photocoagulation (PRP) over 5 years for PDR.

DESIGN, SETTING, AND PARTICIPANTS Diabetic Retinopathy Clinical Research Network
multicenter randomized clinical trial evaluated 394 study eyes with PDR enrolled February
through December 2012. Analysis began in January 2018.

INTERVENTIONS Eyes were randomly assigned to receive intravitreous ranibizumab (n = 191)
or PRP (n = 203). Frequency of ranibizumab was based on a protocol-specified retreatment
algorithm. Diabetic macular edema could be managed with ranibizumab in either group.

MAIN OUTCOMES AND MEASURES Mean change in visual acuity (intention-to-treat analysis)
was the main outcome. Secondary outcomes included peripheral visual field loss,
development of vision-impairing diabetic macular edema, and ocular and systemic safety.

RESULTS The 5-year visit was completed by 184 of 277 participants (66% excluding deaths).
Of 305 enrolled participants, the mean (SD) age was 52 (12) years, 135 (44%) were women,
and 160 (52%) were white. For the ranibizumab and PRP groups, the mean (SD) number of
injections over 5 years was 19.2 (10.9) and 5.4 (7.9), respectively; the mean (SD) change in
visual acuity letter score was 3.1 (14.3) and 3.0 (10.5) letters, respectively (adjusted
difference, 0.6; 95% CI, −2.3 to 3.5; P = .68); the mean visual acuity was 20/25
(approximate Snellen equivalent) in both groups at 5 years. The mean (SD) change in
cumulative visual field total point score was −330 (645) vs −527 (635) dB in the ranibizumab
(n = 41) and PRP (n = 38) groups, respectively (adjusted difference, 208 dB; 95% CI, 9-408).
Vision-impairing diabetic macular edema developed in 27 and 53 eyes in the ranibizumab and
PRP groups, respectively (cumulative probabilities: 22% vs 38%; hazard ratio, 0.4; 95% CI,
0.3-0.7). No statistically significant differences between groups in major systemic adverse
event rates were identified.

CONCLUSIONS AND RELEVANCE Although loss to follow-up was relatively high, visual acuity in
most study eyes that completed follow-up was very good at 5 years and was similar in both
groups. Severe vision loss or serious PDR complications were uncommon with PRP or
ranibizumab; however, the ranibizumab group had lower rates of developing vision-impairing
diabetic macular edema and less visual field loss. Patient-specific factors, including
anticipated visit compliance, cost, and frequency of visits, should be considered when
choosing treatment for patients with PDR. These findings support either anti–vascular
endothelial growth factor therapy or PRP as viable treatments for patients with PDR.
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P roliferative diabetic retinopathy (PDR) is the leading
cause of blindness among working age adults in the
United States, contributing 12 000 to 24 000 new cases

each year.1,2 Panretinal photocoagulation (PRP) has been the
standard treatment for patients with PDR since the 1970s. How-
ever, intravitreous anti–vascular endothelial growth factor
(VEGF) injections have emerged as an alternative to PRP for
PDR management.3,4 Diabetic Retinopathy Clinical Research
Network (DRCR.net) Protocol S results demonstrated that mean
change in visual acuity (VA) at 2 years with ranibizumab was
comparable with PRP and that ranibizumab treatment pro-
duced superior VA results over 2 years based on an area under
the curve analysis, a lower incidence of vision-impairing dia-
betic macular edema (DME), fewer vitrectomies, and less pe-
ripheral visual field loss.4,5 Five-year results from the Proto-
col S cohort are reported herein.

Methods
The study took place between February 2012 and February
2018, and analysis began in January 2018. Study procedures
and statistical methods, which were reported previously, are
summarized. The protocol is available on the DRCR.net
website6 and in Supplement 1. The statistical analysis plan is
available in Supplement 2. The study adhered to the tenets of
the Declaration of Helsinki7 and was approved by multiple in-
stitutional review boards. Study participants provided writ-
ten informed consent. An independent data and safety moni-
toring committee provided oversight.

Fifty-five US clinical sites enrolled 394 study eyes from 305
adults with PDR, no prior PRP, and best-corrected VA letter
score of 24 or better (approximate Snellen equivalent 20/320
or better). Eyes with or without central-involved DME were eli-
gible; 88 eyes (22%) at baseline had visual impairment (20/32
or worse) from DME based on optical coherence tomography
results. Study eyes were randomly assigned 1:1 to 0.5-mg in-
travitreous ranibizumab (n = 191) or PRP (n = 203). Partici-
pants with 2 study eyes randomly received PRP in 1 eye and
ranibizumab in the other.

Eyes in the ranibizumab group received a baseline injec-
tion and monthly injections through week 24, with deferral
of injections allowed at weeks 16 and 20 if neovasculariza-
tion (NV) had resolved based on investigator assessment. Be-
ginning at 24 weeks, injections continued if NV improved or
worsened but could be deferred if the investigator judged all
NV to be resolved or NV became and remained stable after 2
consecutive injections. If NV subsequently worsened, injec-
tions were resumed. If an eye met protocol-specified failure
or futility criteria, PRP was permitted. Eyes assigned to PRP
were treated at baseline with either full PRP or PRP com-
pleted over several sittings. Additional PRP was performed if
the size or amount of NV increased during follow-up. Vitrec-
tomy for vitreous hemorrhage could not be performed for at
least 8 weeks after onset, while vitrectomy for retinal detach-
ment was at investigator discretion. Ranibizumab injections
for DME were required in both groups at baseline and could
be performed at investigator discretion thereafter.

The study originally required visits every 16 weeks in both
groups through 3 years; participants in the ranibizumab group
alsohadvisitsevery4weeksduringyear1andevery4to16weeks
thereafter depending on treatment course. The study was
amended on January 12, 2015, after all participants were en-
rolledtoallowforassessmentvisitsevery16weeksinbothgroups
and continued study injections and visits every 4 to 16 weeks
through 5 years in the ranibizumab group based on the study re-
treatment algorithm. Among the 238 participants who had a visit
after the institutional review board approved the protocol revi-
sion, 230 (97%) consented to continue the structured protocol
through 5 years. Procedures performed at these visits and im-
age and visual field grading were the same as previously
reported.4 Participants were dropped from the study only if they
died, declined future participation, or could not be located. In-
vestigators, coordinators, and DRCR.net Coordinating Center
staff were involved in locating participants who were lost to fol-
low-up or unresponsive to scheduling attempts using tele-
phone calls, certified letters, and a third-party search service to
identify whether new contact information existed.

The main analysis consisted of a treatment group compari-
son of mean change in VA from baseline to 5 years, using analy-
sis of covariance adjusting for baseline level and randomiza-
tion stratification factors (laterality and baseline central subfield
thickness [CST] on optical coherence tomography) with gener-
alized estimating equations to account for the correlation be-
tween 2 study eyes of the same participant. All analyses were
prespecified unless noted otherwise. The primary analysis fol-
lowed intent-to-treat principle and included all randomized
eyes. Multiple imputation using Markov chain Monte Carlo
method was performed to impute missing visual acuities on the
basis of treatment group assignment, laterality, all available VA
data, and baseline CST. Outlying values were truncated to 3 SDs
from the mean. Within-group means and percentages were cal-
culated from observed data. Preplanned subgroup analyses were
conducted by adding an interaction between subgroup and treat-
ment. Visual field and CST data were imputed and analyzed simi-
larly to VA outcomes. Secondary analyses and safety analyses
were performed using binomial regression or Fisher exact test

Key Points
Question What is the comparative efficacy and safety of
intravitreous ranibizumab vs panretinal photocoagulation over
5 years for treatment of patients with proliferative diabetic
retinopathy?

Findings In this randomized clinical trial of 305 participants,
although loss to follow-up was relatively high, visual acuity in most
study eyes that completed follow-up was very good at 5 years,
consistent with 2-year results. Severe vision loss or serious
proliferative diabetic retinopathy complications were uncommon
in either group; the ranibizumab group had lower rates of
developing vision-impairing diabetic macular edema.

Meaning These findings support either ranibizumab or panretinal
photocoagulation as viable treatments for proliferative diabetic
retinopathy; patient-specific factors, including anticipated visit
compliance, cost, and frequency of visits, should be considered
when choosing a treatment for patients with proliferative diabetic
retinopathy.
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for binary outcomes, analysis of covariance for continuous out-
comes, or marginal proportional hazards model for time-to-
event outcomes. Z tests were performed to compare stratified
model-based estimates when proportional hazards assump-
tion failed. P values and 95% CIs were 2-sided. P less than .05
was considered statistically significant unless otherwise noted.
For safety outcomes, a global P less than .01 from Fisher exact
test performed including 3 groups (unilateral ranibizumab, uni-
lateral prompt PRP, and bilateral) was considered statistically
significant. All analyses used SAS software version 9.4 (SAS
Institute).

Results
The 5-year visit was completed for 240 study eyes (61%) in
the ranibizumab and PRP groups (117 [69%] and 123 [65%]
study eyes, excluding deaths, respectively) (Figure 1). The
mean (SD) age was 52 (12) years, 135 (44%) were women,
and 160 (52%) were white. Among participants who com-
pleted the 5-year visit (ie, completers), baseline characteris-
tics appeared similar between treatment groups (eTable 1 in
Supplement 3). However, eyes of completers had baseline
VA approximately 5 letters (1 line) better than eyes of non-
completers, irrespective of treatment group. Among eyes of
completers, 5 (5%) and 8 (7%) had high-risk PDR at the last
visit compared with 7 (15%) and 5 (9%) among eyes of non-
completers in the ranibizumab and PRP groups, respec-
tively. At the last completed visit, eyes of noncompleters in

the ranibizumab (n = 74) and PRP (n = 80) groups had a
mean (SD) change in VA of 3 (14) vs −4 (18) letters and CST of
−56 (110) μm vs −8 (104) μm, respectively. Among the 240
completers, the median number of visits over 5 years was 43
in the unilateral ranibizumab group and 21 in the unilateral
PRP group (eTable 1 in Supplement 3).

PDR and DME Treatment
Ranibizumab Group
Among participants completing the 5-year visit, the mean (SD)
number of injections for years 1 through 5 were 7.1 (2.2), 3.3
(2.9), 3.0 (2.8), 2.9 (2.7), and 2.9 (2.8), respectively (mean [SD]
of 19.2 [10.9] cumulative injections over 5 years). A total of 2443
(98%) injections required by protocol for PDR treatment were
administered. The number of eyes not receiving an injection
within each year were 29 (25%), 32 (27%), 33 (28%), and 43
(37%) for years 2 through 5, respectively (eFigure 1 in
Supplement 3). eTable 2 in Supplement 3 reports the number
of injections for eyes with and without vision impairing
central-involved DME at baseline. Focal/grid laser treatment
was performed in 16 eyes (8%) through 5 years. Through 5
years, 26 eyes (14%) received PRP (2 eyes received PRP
twice), 10 in the clinic and 18 with endolaser or an indirect
laser delivery system during vitrectomy. Half of these 26 eyes
initiated PRP after 2 years.

PRP Group
All eyes received PRP at baseline. Over 5 years, at least 1 addi-
tional PRP session was administered in 103 eyes (51%). Thirty-

Figure 1. Completion of Follow-up

336 Patients provided informed consenta

31 Patients excluded (did not meet inclusion)b

191 Eyes randomized to receive ranibizumab 203 Eyes randomized to receive panretinal
photocoagulation

160 Eyes completed 2-y visitd 168 Eyes completed 2-y visitd

139 Eyes assessed at 3-y visite 146 Eyes assessed at 3-y visite

124 Eyes assessed at 4-y visitf 134 Eyes assessed at 4-y visitf

117 Eyes completed 5-y visitg

74 Did not complete 5-y visit
53 Withdrawn from study
21 Died

123 Eyes completed 5-y visitg

80 Did not complete 5-y visit
65 Withdrawn from study
15 Died

31 Did not complete 2-y visit
21 Withdrawn from study
10 Died

35 Did not complete 2-y visit
23 Withdrawn from study
8 Died
4 Missed

394 Eyes randomized
305 Participants
89 Participants with 2 eyes

randomizedc

a Participants were not formally
screened prior to obtaining
informed consent.

b Information was not collected on
specific reasons for exclusion.

c Participants with 2 eyes in the study
had 1 eye randomly assigned to
receive ranibizumab and 1 eye
receive panretinal
photocoagulation.

d Two-year completed visits include
those that occurred between 92
and 116 weeks.

e Three-year completed visits include
those that occurred between 148
and 164 weeks.

f Four-year completed visits include
those that occurred between 196
and 220 weeks.

g Five-year completed visits include
those that occurred between 248
and 272 weeks.
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nine (38%) received the first supplemental PRP within
6 months of randomization; 25 (24%), 6 to 12 months; 28 (27%),
12 to 24 months; and 11 (11%), after 2 years. Among 92 eyes re-
ceiving additional PRP before 2 years, 20 (22%) also received
at least 1 PRP session after 2 years. Among 5-year completers,
71 eyes (58%) received at least 1 study ranibizumab injection
for DME through 5 years (43 at baseline and 28 during follow-
up), for a mean (SD) cumulative total of 5.4 (7.9) injections over
5 years (eTable 2 in Supplement 3). Focal/grid laser treatment
was performed in 26 eyes (13%) over 5 years.

Treatment Effect
Vision Outcomes
Visual acuity at the 5-year visit improved from baseline, with
a mean (SD) of 3.1 (14.3) and 3.0 (10.5) letters in the ranibi-
zumab and PRP groups, respectively (adjusted mean differ-
ence, 0.6 [95% CI, −2.3 to 3.5]; P = .68) (Table 1 and Figure 2),
resulting in a mean VA (approximate Snellen equivalent) at 5
years of 20/25 in each group (compared with 20/32 at base-
line). Results were similar when using alternative methods for
handling missing data (eTable 3 in Supplement 3). Treatment

Table 1. Change in Visual Acuity (VA) at 5 Years

Variable Ranibizumab Groupa PRP Groupa Adjusted Difference (95% CI)b P Valueb

260-wk (5-y) Visit

No. of eyes 117 123 NA NA

VA Letter Score at Baseline

Mean (SD) 77 (12) 78 (11) NA NA

Median (IQR) 79 (75 to 85) 80 (72 to 85) NA NA

Snellen equivalent, mean 20/32 20/32 NA NA

VA Letter Score at 5 y

Mean (SD) 80 (16) 81 (12) NA NA

Median (IQR) 84 (78 to 89) 84 (77 to 89) NA NA

Snellen equivalent, mean 20/25 20/25 NA NA

Snellen equivalent, No. (%)

≥20/20 60 (51) 66 (54) NA NA

20/25 25 (21) 18 (15) NA NA

20/32 11 (9) 15 (12) NA NA

20/40 7 (6) 9 (7) NA NA

20/50 4 (3) 5 (4) NA NA

20/63 2 (2) 3 (2) NA NA

20/80 0 1 (<1) NA NA

20/100 0 3 (2) NA NA

20/125 0 1 (<1) NA NA

20/160 2 (2) 0 NA NA

≤20/200 6 (5) 2 (2) NA NA

Change in VA Letter Score at 5 y

Mean (SD)c 3.1 (14.3) 3.0 (10.5) 0.6 (−2.3 to 3.5) .68d

Median (IQR) 4.0 (−2.0 to 10.0) 3.0 (−3.0 to 8.0) NA NA

Letters improvement, No. (%)e

≥15 14 (26) 13 (23) 1 (−12 to 15) .86

≥10 28 (52) 23 (41) 6 (−10 to 21) .47

Letters worsening, No. (%)

≥10 7 (6) 11 (9) −3 (−11 to 5) .42

≥15 7 (6) 7 (6) −1 (−7 to 5) .84

Area Under the Curve for Change in VA Letter Score Over 5 y

Mean (SD) 3.3 (9.5) 1.5 (7.5) 1.6 (0 to 3.2) .05

Median (IQR) 2.8 (−1.3 to 6.3) 1.0 (−3.0 to 5.3) NA NA

Abbreviations: IQR, interquartile range; NA, not applicable; PRP, panretinal
photocoagulation.
a Observed data only, including participants who completed the 5-year visit.
b Treatment group mean (SD) and median (IQR) are calculated from observed

5-year data. Differences (ranibizumab group minus PRP group), CIs, and
2-sided P values were obtained using of analysis of covariance for continuous
outcomes and binomial regression for binary outcomes, with adjustment for
baseline VA, laterality, baseline central subfield thickness, and correlation
between 2 study eyes of the same participant, and multiple imputation for
missing data unless otherwise specified. When binomial regression model
failed to converge, covariates were removed from the model. Visual acuity
change was truncated to 3 SD from the mean (−47 to 52) to minimize
the effect of outliers (5 eyes for ranibizumab, all on the negative end).

No imputation was performed for missing area under the curve for change
in VA.

c The mean (SD) change in VA letter score at 2 years among participants who
completed the 5-year visit was 3.5 (14.6) vs 0.9 (12.1) for ranibizumab and PRP
groups, respectively (eFigure 2 in Supplement 3).

d P = .47 for comparing mean change in VA letter score at 5 years between
treatment groups, with additional adjustment for potential baseline
confounders, including age, duration of diabetes, hemoglobin A1c level, prior
treatment for diabetic macular edema, and diabetic retinopathy severity on
fundus photographs graded by the reading center.

e Including 54 and 56 eyes in the ranibizumab and PRP groups, respectively,
with baseline VA 20/32 or worse.
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group differences were not statistically significantly differ-
ent for eyes either with or without DME at baseline (eTable 4
in Supplement 3). The mean (SD) change in VA area under the
curve letter score over 5 years was 3.3 (9.5) in the ranibi-
zumab group compared with 1.5 (7.5) in the PRP group (ad-
justed mean difference, 1.6 [95% CI, 0-3.2]; P = .05) (eFigure
2 in Supplement 3). Additional VA outcomes are shown in
Table 1 and in eFigures 3, 4, 5, and 6 in Supplement 3. Explo-
ration of 5 preplanned baseline subgroups (DME with de-
creased VA, DME regardless of VA, baseline VA, prior DME treat-
ment history, and diabetic retinopathy severity) did not identify
an interaction between any subgroups and treatment (eTable
5 in Supplement 3).

In an ancillary study, the mean (SD) change in cumulative
visual field total point score from baseline, combining Hum-
phrey visual field 30-2 and 60-4 test patterns, was −330
(645) dB vs −527 (635) dB in the ranibizumab (n = 41) and PRP
(n = 38) groups, respectively (adjusted mean difference, 208
dB [95% CI, 9-408]; P = .04) (eTable 6 and eFigure 7 in
Supplement 3) and a worsening between years 2 and 5 of
273 (539) dB and 97 (481) dB, respectively. No meaningful
differences between groups in patient-centered outcomes
as measured by the National Eye Institute Visual Function
Questionnaire and the University of Alabama Birmingham
Low Luminance Questionnaire were identified (eTable 7 in
Supplement 3).

Diabetic Retinopathy, Macular Edema, and Related Conditions
At the 5-year visit, among eyes with baseline DME (n = 40), the
mean (SD) CST decreased from baseline by 139 (157) μm and
59 (102) μm in the ranibizumab and PRP groups, respectively

(adjusted mean difference, −31 [95% CI, −74 to 12]; P = .16); CST
increased by 10% or more at 5 years in 2 (11%) and 4 eyes (18%),
respectively. Eyes without baseline DME (n = 192) had a 22%
vs 38% cumulative probability of developing vision-
impairing DME by 5 years in the ranibizumab and PRP groups,
respectively (hazard ratio, 0.4 [95% CI, 0.3-0.7]; P < .001) (eFig-
ure 8 in Supplement 3); CST increased by 10% or more at 5 years
in 5 (5%) and 14 (14%) eyes, respectively.

Among 90 eyes in the ranibizumab group that had grad-
able color fundus photographs at 5 years, 41 (46%) were im-
proved from baseline by 2 or more steps in the Diabetic Reti-
nopathy Severity Scale, including 30 (33%) with non-PDR, and
9 (10%) with complete resolution of diabetic retinopathy (Early
Treatment Diabetic Retinopathy Study level 20 or better) on
fundus photographs. Twenty-six of 90 eyes (29%) in the ra-
nibizumab group and 28 of 93 eyes (30%) in the PRP group had
NV visible on color photographs at 5 years (adjusted differ-
ence, −1% [95% CI, −14% to 12%]; P = .83), of which 4 and 7 eyes,
respectively, had high-risk PDR.

Through 5 years, retinal detachment was identified on
clinical examination in 12 and 30 eyes in the ranibizumab
and PRP groups, respectively (cumulative probabilities, 7%
vs 18%; hazard ratio, 0.4 [95% CI, 0.2-0.8]; P = .004) (eFig-
ure 9 in Supplement 3), and 10 and 24 eyes, respectively,
developed traction retinal detachments (Table 2). The retinal
detachment involved the center of the macula in 2 and 9
eyes in the ranibizumab and PRP groups, respectively. Four
eyes in the ranibizumab group and 11 in the PRP group
received vitrectomy because of retinal detachment; no other
procedures for retinal detachment were performed. Vitreous
hemorrhage developed in 91 eyes in the ranibizumab group and

Figure 2. Mean Change in Visual Acuity From Baseline Over Time for the Overall Cohort
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Treatment group means are calculated from observed data for the overall
cohort and are truncated to 3 SD from the mean to minimize the effect of
outliers. Differences (ranibizumab group minus panretinal photocoagulation
[PRP] group), CIs, and 2-sided P values were obtained by intention-to-treat

analysis using of analysis of covariance, with adjustment for baseline visual
acuity, laterality, baseline central subfield thickness, correlation between 2
study eyes of the same participant, and multiple imputation for missing data.
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93 in the PRP group (cumulative probabilities, 58% vs 54%; ad-
justed difference, 4% [95% CI, −7% to 16%]; P = .47) (eFigure
10 in Supplement 3). Rates of neovascular glaucoma and iris
NV were low in both groups (eFigures 11 and 12 in Supplement
3). Vitrectomy was performed in 21 and 39 eyes in the ranibi-
zumab and PRP groups, respectively (cumulative probabilities,
15% vs 22%; hazard ratio, 0.5 [95% CI, 0.3-0.8]; P = .008); vitrec-
tomy indications are listed in eTable 8 in Supplement 3.

Injection-related endophthalmitis occurred in 1 of 4113
injections among 306 eyes receiving at least 1 injection (1 eye
was in the ranibizumab group). Cataract extraction occurred
in 31 (16%) and 38 eyes (19%) in the ranibizumab and PRP
groups, respectively (Table 3).

Systemic Adverse Events
Antiplatelet Trialists’ Collaboration8 arteriothromboembolic
events were reported in 12 of 89 participants (13%) with 2 study
eyes; 18 of 102 participants (18%) and 12 of 114 participants (11%)
with 1 study eye randomly assigned to ranibizumab or PRP, re-
spectively (P = .31 using Fisher exact test including all 3 groups)
(Table 3 and eFigure 13 in Supplement 3). No differences were
identified with a P value less than .01 among these 3 groups
for percentage of participants with serious adverse events, hos-
pitalizations, deaths, or events in each MedDRA system or-
gan class (except the system organ class Infections and Infes-
tation, 39 [44%] in the bilateral group, 39 [38%] in the
ranibizumab group, and 24 [21%] in the PRP group [P = .001])
(eTables 9 and 10 in Supplement 3).

Discussion

In this randomized clinical trial of intravitreous ranibizumab
compared with PRP for treatment of individuals with PDR, VA
at 5 years was good in both groups (approximate mean VA, 20/
25), consistent with the 2-year data. No statistically signifi-
cant differences were identified between the treatment groups
in mean change in VA at 5 years or over 5 years. Patient-
reported vision-related quality of life scores were similar be-
tween groups over 5 years, although more eyes in the PRP group
developed vision-impairing DME compared with the ranibi-
zumab group. More than half of the eyes in the PRP group re-
ceived ranibizumab for DME treatment during the study. Re-
sults appeared similar irrespective of whether DME was present
at baseline, suggesting PRP was not harmful to DME treat-
ment in the presence of ranibizumab. These results should be
considered in the context of only 60% of participants (66% ex-
cluding deaths) completing the 5-year visit.

Considering that PRP has been an effective treatment for
PDR for more than 45 years, an important question for this trial
was whether eyes in the ranibizumab group develop serious
complications in the absence of PRP over 5 years. Overall, for
participants completing the 5-year visit, few eyes in either
group developed neovascular glaucoma or iris NV and the rates
were similar between groups. Although the overall rate of reti-
nal detachments, most of which were traction retinal detach-
ments, was higher in the PRP group (15%) compared with the

Table 2. Change in Diabetic Retinopathy

Variable

No. (%)
Adjusted Difference,
% (95% CI)aRanibizumab Group PRP Group

Diabetic Retinopathy on Fundus Photographs at 5 yb

No. of eyes 90 93 NA

Eyes without PDR (≤level 60) 39 (43) 34 (37) NA

Eyes with regressed NV (level 61A) 25 (28) 31 (33) NA

Eyes with active NV (≥level 61B) 26 (29) 28 (30) NA

Eyes improving from PDR (≥level 61) to NPDR
(≤level 53)

30 (33) NA NA

Eyes without retinopathy (≤level 20) 9 (10) NA NA

Eyes improving ≥2 steps in diabetic retinopathy
severity on fundus photographs at 5 yc

41 (46) NA NA

At Any Timed

No. of eyes 191 203 NA

Retinal detachment

Tractional retinal detachment 10 (5) 24 (12) −7 (−12 to −2)e

Rhegmatogenous retinal detachment 2 (1) 1 (<1) 1 (−1 to 2)

Unspecified retinal detachment 3 (2) 6 (3) −1 (−4 to 2)

Any retinal detachment 12 (6) 30 (15) −9 (−14 to −4)e

Retinal detachment that required for vitrectomy 4 (2) 11 (5) −3 (−7 to 0)

Retinal detachment in the center of macula
on clinical examination

2 (1) 9 (4) −3 (−7 to 0)

Retinal detachment in the center of macula
on clinical examination and VA ≤38

0 3 (1) NA

Neovascular glaucoma 6 (3) 9 (4) −2 (−6 to 2)

NV of the iris 5 (3) 3 (1) 1 (−1 to 3)e

Vitreous hemorrhage 91 (48) 93 (46) 2 (−6 to 11)e

Vitrectomy 21 (11) 39 (19) −7 (−14 to −1)e

Abbreviations: NA, not applicable;
NPDR, nonproliferative diabetic
retinopathy; NV, neovascularization;
PDR, proliferative diabetic
retinopathy; PRP, panretinal
photocoagulation; VA, visual acuity.
a No imputation was performed for

missing data. Treatment group
differences are estimated using
binomial regression adjusting for
the correlation between 2 study
eyes of the same participant (unless
otherwise specified).

b Observed data only, including
participants who had gradable
fundus photograph at 5-year visit
with baseline Diabetic Retinopathy
Severity Scale level of 61B or worse
(active neovascularization) as
graded by the reading center.

c Eyes graded by the reading center
as receiving PRP (level 60) at
follow-up are counted as not
improving.

d Adverse events were collected at
any time during study follow-up.

e Adjusted for baseline optical
coherence tomography central
subfield thickness and laterality and
correlation between 2 study eyes of
the same participant.
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ranibizumab group (6%), most detachments did not progress
to involve the center of the macula (4% vs 1%, respectively) and
most of these eyes did not undergo vitrectomy (5% vs 2%, re-
spectively), suggesting most tractional retinal detachments
were not vision-threatening. Few eyes in either group had sub-
stantial VA loss (≥15 letters compared with baseline) at the
5-year visit (6% in both groups). As anticipated, the PRP group,
on average, had more peripheral visual field loss from base-
line through 2 years than the ranibizumab group. However, vi-
sual field loss, on average, progressed in both the PRP and
ranibizumab groups from years 2 through 5, and the differ-
ence between groups diminished in this small substudy. The
degree of this decline was unanticipated in the ranibizumab
group. Further analysis of visual field seems warranted.

Almost half of the eyes in both groups developed any vit-
reous hemorrhage over 5 years, with 41% of the eyes in the PRP

group with vitreous hemorrhage undergoing vitrectomy com-
pared with 22% in the ranibizumab group. The decision to per-
form vitrectomy was made by an unmasked investigator, which
could have biased the decision to proceed to vitrectomy in the
PRP group. Also, eyes in the ranibizumab group with vitreous
hemorrhage could receive ranibizumab to treat NV, whereas
no anti-VEGF treatment was provided to eyes in the PRP group
unless they had coexistent DME, leaving vitrectomy as the
treatment option.

An additional important long-term consideration was
whether eyes in the ranibizumab group would receive a de-
creasing frequency of injections while still maintaining VA
during the study. During the first year, eyes in the ranibi-
zumab group received a mean of 7 injections for either NV or
DME. Each year thereafter, eyes in the ranibizumab group
received an average of 3 injections. Although the overall

Table 3. Systemic and Ocular Adverse Events of Interest Through 5 Years of Follow-up

Variable

No. (%)

P Value
Participants With 2 Study Eyes
(1 in Each Group)

Ranibizumab
Group

PRP
Group

Systemic Adverse Eventsa,b

No. of participants 89 102 114c NA

Vascular events defined by APTC criteria occurring
at least once through 5 yd

Nonfatal myocardial infarctione 3 (3) 6 (6) 4 (4) .64

Nonfatal strokee 3 (3) 6 (6) 7 (6) .65

Death due to potential vascular cause or unknown causef 6 (7) 7 (7) 2 (2) .13

Any event 12 (13) 18 (18) 12 (11) .31

Prespecified events occurring at least once through 5 y

Death from any cause 8 (9) 13 (13) 7 (6) .24

Hospitalization 54 (61) 66 (65) 61 (54) .24

Serious adverse event 56 (63) 68 (67) 63 (55) .21

Hypertension 28 (31) 38 (37) 28 (25) .13

Ocular Adverse Eventsa,g

No. of eyes NA 191 203 NA

No. of injections NA 3132 981 NA

Ocular adverse events occurring at least once through 5 y

Endophthalmitis NA 1 (<1) 0 NA

Inflammationh NA 3 (2) 10 (5) .05

Retinal tear NA 1 (<1) 0 NA

Cataract surgery NA 31 (16) 38 (19) .62

Elevation in IOP (met any of the criteria)i NA 30 (16) 36 (18) .58

Increase of IOP ≥10 mm Hg from baseline at any visit NA 17 (9) 29 (14) .10

IOP ≥30 mm Hg at any visit NA 6 (3) 11 (5) .39

Initiation of glaucoma medications at any visit NA 18 (9) 21 (10) .67

Received glaucoma procedure at any visit NA 6 (3) 4 (2) .37

Abbreviations: APTC, Antiplatelet Trialists’ Collaboration; IOP, intraocular
pressure; NA, not applicable; PRP, panretinal photocoagulation.
a Unless otherwise specified adverse events were collected at any time during

study follow-up. Some events may have been reported more than once (ie, at
multiple visits). Including participants/study eyes that experienced at least 1
adverse event of interest.

b Systemic adverse events were classified as occurring in the unilateral PRP,
unilateral ranibizumab, or bilateral treatment group, and Fisher exact test was
performed to compare the 3 groups. If the overall test was significant (P < .01),
pairwise between-group comparisons were performed, with P < .01
considered as evidence of a treatment group difference.

c Among the 114 unilateral participants who were assigned to PRP group, 59
(52%) received at least 1 anti–vascular endothelial growth factor injection
during follow-up.

d Vascular events were defined according to the criteria of the APTC.
e Defined as no death prior to outcome time point.
f From any potential vascular or unknown cause.
g P values are based on binomial regression adjusting for the correlation

between 2 study eyes of the same participant.
h Inflammation included the presence of inflammatory cells or flare in the

anterior chamber, pseudohypopyon, chorioretinitis, choroiditis,
pseudoendophthalmitis, iritis, uveitis, scleritis, and the presence of vitreal
cells.

i Elevated IOP was defined as an increase in IOP of 10 mm Hg or more from
baseline at any visit, an IOP of 30 mm Hg or more at any visit, the initiation of
medication to lower IOP that was not in use at baseline, or glaucoma surgery.
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number of injections was reduced from year 1, approximately
75% of eyes in the ranibizumab group still received at least 1
injection each year through 4 years, with 63% receiving at
least 1 injection in year 5. With this reduction in treatment,
mean VA change from baseline remained fairly constant
between years 2 and 5. Additionally, rates of diabetic reti-
nopathy improvement were maintained with 46% of the par-
ticipants in the ranibizumab group showing reduction of 2 or
more steps in Diabetic Retinopathy Severity Scale at 5 years.

Prior ocular studies on systemic safety of anti-VEGF with
intravitreous anti-VEGF have reported inconsistent results. An
interim 4-year data analysis from Protocol S suggested a po-
tential increased risk for Antiplatelet Trialists’ Collaboration
events with ranibizumab (P = .10); however, rates of such
events with ranibizumab were within the range of variability
seen across studies.9 Furthermore, the 5-year data from Pro-
tocol S does not show statistically significant differences in An-
tiplatelet Trialists’ Collaboration events between the treat-
ment groups. The endophthalmitis rate was low, occurring in
0.02% of injections or 0.3% of eyes; no other ocular safety con-
cerns were identified.

Limitations
Despite considerable efforts to retain participants, less than 65%
of each group was followed up through 5 years. Thus, interpre-
tation of the long-term results of this study must be made with
caution. Retention rates were similar between the treatment
groups.Noevidenceofmajordifferencesinmostobservablebase-
line factors between treatment groups for the completers or non-

completers were found, although completers, on average, had
baseline VA of approximately 1 line better. Eyes of noncompleters
in the ranibizumab group had more improvement in VA and op-
tical coherence tomography CST at the last measured follow-up
visitthaneyesinthePRPgroupofnoncompleters.However,based
on the course of completers, greater improvement might be ex-
pected with longer follow-up of the noncompleters in the PRP
group compared with the ranibizumab group. Although differ-
ent methods for handling missing data produced similar results,
outcomes for noncompleters are unknown, including risk of se-
rious recurrent NV, hemorrhage, or traction retinal detachment,
and potential biases cannot be quantified.

Conclusions
Although loss to follow-up was relatively high in this cohort,
VA in most study eyes that completed follow-up was very good
over 5 years. Severe vision loss or serious complications of
PDR, such as neovascular glaucoma, iris NV, or macular trac-
tion retinal detachments, were uncommon with PRP or ranibi-
zumab. Ranibizumab resulted in lower rates of development
of vision-impairing DME and less visual field loss. There were
no meaningful treatment group differences in patient-
centered outcomes. Individual patient factors, such as antici-
pated potential for maintaining scheduled visits, number of
visits, cost, and systemic health, should be considered when
choosing a treatment for PDR. These findings support either
ranibizumab or PRP as viable treatments for PDR.

ARTICLE INFORMATION

Accepted for Publication: June 20, 2018.

Published Online: July 24, 2018.
doi:10.1001/jamaophthalmol.2018.3255

Correction: This article was corrected on February
28, 2019, to fix pervasive errors in eTable 6 in
Supplement 3.

Author Affiliations: Carolina Retina Center PA,
Columbia, South Carolina (Gross); Jaeb Center for
Health Research, Tampa, Florida (Glassman, Liu,
Melia, Stockdale, Beck); Joslin Diabetes Center,
Beetham Eye Institute, Harvard Department of
Ophthalmology, Boston, Massachusetts (Sun); CME
Editor, JAMA Ophthalmology (Sun); Charlotte Eye,
Ear, Nose and Throat Associates, PA, Charlotte,
North Carolina (Antoszyk); Paducah Retinal Center,
Paducah, Kentucky (Baker); Wilmer Eye Institute,
Johns Hopkins University School of Medicine,
Baltimore, Maryland (Bressler); Editor, JAMA
Ophthalmology (Bressler); Elman Retina Group, PA,
Baltimore, Maryland (Elman); Ophthalmic Research
Consultants, LLC, Waxhaw, North Carolina (Ferris);
Deputy Editor, Opinion, JAMA Ophthalmology
(Ferris); Kellogg Eye Center, University of Michigan,
Ann Arbor (Gardner); Feinberg School of Medicine,
Northwestern University, Chicago, Illinois (Jampol);
Cole Eye Institute, Cleveland Clinic, Cleveland, Ohio
(Martin); Deputy Editor, JAMA Ophthalmology
(Beck).

Author Contributions: Mr Glassman had full access
to all of the data in the study and takes
responsibility for the integrity of the data and the
accuracy of the data analysis.

Concept and design: Gross, Glassman, Sun, Baker,
Bressler, Elman, Jampol, Melia, Stockdale, Beck.
Acquisition, analysis, or interpretation of data:
Gross, Glassman, Liu, Sun, Antoszyk, Baker,
Bressler, Elman, Gardner, Jampol, Martin, Melia.
Drafting of the manuscript: Gross, Glassman, Liu,
Bressler, Jampol.
Critical revision of the manuscript for important
intellectual content: Gross, Liu, Sun, Antoszyk,
Baker, Bressler, Elman, Gardner, Jampol, Martin,
Melia, Stockdale, Beck.
Statistical analysis: Glassman, Liu, Martin, Melia.
Obtained funding: Glassman, Bressler, Jampol.
Administrative, technical, or material support:
Gross, Glassman, Baker, Bressler, Elman, Jampol,
Stockdale, Beck.
Supervision: Gross, Sun, Bressler, Elman, Melia.

Conflict of Interest Disclosures: All authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest. Dr
Gross reports grants from Jaeb Center for Health
Research, Acucela, Genentech, Regeneron, and Ohr
Pharmaceutical Inc and personal fees from Jaeb
Center for Health Research during the conduct of
the study. Mr Glassman reports grants from the
National Institutes of Health and Genentech during
the conduct of the study; nonfinancial support from
Genentech and Allergan during the conduct of the
study; and grants from Regeneron outside the
submitted work. Ms Liu reports cooperative
agreements from the National Eye Institute and
National Institute of Diabetes and Digestive and
Kidney Diseases and nonfinancial support and
other from Genentech during the conduct of the

study. Dr Sun reports grants from Genentech,
Juvenile Diabetes Research Foundation, KalVista
Pharmaceuticals, and Boehringer Ingelheim;
personal fees from Eleven Biotherapeutics Inc,
Vindico Medical Education, Current Diabetes
Reports, Merck & Co, Allergan, Kowa Company Ltd,
Novartis, Regeneron, and Bayer; nonfinancial
support from Optovue, Boston Micromachines
Corporation, Genentech, Novartis, Novo Nordisk,
and Adaptive Sensory Technologies; and other from
KalVista Pharmaceuticals outside the submitted
work. Dr Antoszyk reports consultant fees from
Roche Genentech, Opthea, and Jaeb Center for
Health Research. Dr Baker reports grants for clinical
research from Regeneron, Genentech, Alcon
Novartis, Allergan, and Ophthotech outside the
submitted work. Dr Bressler reports grants from the
National Institutes of Health to his institution during
the conduct of the study and grants from Bayer,
Novartis, Roche Genentech, and Samsung Bioepis
Co Ltd outside the submitted work to his
institution. Dr Elman reports grants from Jaeb
Center for Health Research during the conduct of
the study; grants from Roche Genentech and
Regeneron outside the submitted work, personal
fees from Roche Genentech outside the submitted
work; and nonfinancial support from Roche
Genentech outside the submitted work. Dr Gardner
reports grants from Novo Nordisk and Zebra
Biologicals Inc outside the submitted work. Dr
Jampol reports a grant from the National Eye
Institute during the conduct of the study. Ms Melia
reports a grant from National Eye Institute to their
institution during the conduct of the study; other

Panretinal Photocoagulation vs Intravitreous Ranibizumab for Proliferative Diabetic Retinopathy Original Investigation Research

jamaophthalmology.com (Reprinted) JAMA Ophthalmology October 2018 Volume 136, Number 10 1145

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 03/12/2022

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaophthalmol.2018.3255&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2018.3255
http://www.jamaophthalmology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2018.3255


from Genentech during the conduct of the study;
and other from Regeneron outside the submitted
work. Ms Stockdale reports grants from the
National Institutes of Health and Genentech and
nonfinancial support from Genentech during the
conduct of the study. Dr Beck reports grants to his
employer from the National Eye Institute and
Genentech during the conduct of the study;
nonfinancial support from Genentech during the
conduct of the study; and a grant and nonfinancial
support from Regeneron outside the submitted
work. No other disclosures were reported. A
complete list of all Diabetic Retinopathy Clinical
Research Network investigator financial disclosures
can also be found at http://www.drcr.net.

Funding/Support: This article was supported
through a cooperative agreement from the National
Eye Institute, National Institute of Diabetes,
Digestive and Kidney Diseases, National Institutes
of Health, and US Department of Health and
Human Services (grants EY14231, EY23207,
EY18817). Genentech provided ranibizumab for the
study and funds to the Diabetic Retinopathy Clinical
Research Network to defray the study’s clinical site
costs.

Role of the Funder/Sponsor: The National
Institutes of Health participated in oversight of the
conduct of the study and review of the manuscript
but not directly in the design or conduct of the
study nor in the collection, management, analysis,
or interpretation of the data; preparation, review, or
approval of the manuscript; or decision to submit
the manuscript for publication.

Group Information: The Diabetic Retinopathy
Clinical Research Network members are: Charlotte,
NC: Charlotte Eye, Ear, Nose and Throat
Association, PA: Justin C. Brown (I); Andrew N.
Antoszyk (I); David Browning (I); Angela K. Price
(C,V); Sherry L. Fredenberg (C,V); Jenna T. Herby
(C,V); Merri F Walker (C,V); Christina J. Fleming
(C,V); Ashley A. McClain (C,V); Angella S. Karow(V);
Autumn C. Grupp (V); Kelly R Gallagher (V); Sarah A.
Ennis (V); Donna McClain (P); Joan P. Mondello (P);
Autumn K. Finch (P); Kathryn Kimrey (P); Loraine
M. Clark (P); Lisa A. Jackson (P); Lynn Watson (P);
Jeff A. Kuopus (P); Robin Kerr (P); Swann J Bojaj
(P); Susannah J Held (P); Uma M. Balasubramaniam
(P); Michael D. McOwen (P); Matt Dunlap (P);
Baltimore, MD Elman Retina Group, PA: Michael J.
Elman (I); Henry A. Leder (I); JoAnn Starr (C);
Jennifer L. Belz (C); Charlene K. Putzulo (C); Dena Y.
Salfer-Firestone (V); Perel M. Simpson (V); Pamela
V. Singletary (V); Jennifer L. Simmons (V); Teresa
Coffey (V); Dallas R. Sandler (V); Ashley Davis (V);
Ashley M. Metzger (P); Peter Sotirakos (P); Terri
Cain (P); Daniel J. Ketner (P); Lakeland, FL: Florida
Retina Consultants: Scott M. Friedman (I); Nader
Moinfar (I); Kimberly A. Williamson (C,V); Karen
Sjoblom (C,V); Katrina L. Dawson (C); Damanda F.
Fagan (C,V); Paige N. Walters (V); Steve Carlton (P);
Allen McKinney (P); Paducah, KY: Paducah Retinal
Center: Carl W. Baker (I); Ron H. Tilford (I); Tracey
M. Caldwell (C); Lynnette F. Lambert (C,V);
Margaret J. Orr (V); Mary J. Palmer (V); Tracey R.
Martin (V); Alecia B. Camp (P); Samantha Kettler
(P); Tana R. Williams (P); Augusta, GA: Southeast
Retina Center, PC: Dennis M. Marcus (I); Harinderjit
Singh (I); Siobhan O. Ortiz (C); Teresa J. Acklie (C);
Michele Woodward (C); Courtney N. Roberts (C);
Geri L Floyd (C); Judith Hendrickson (V); Lindsay
Allison Foster (V); Christy Coursey (V); Virginia
Mims (V); Jared C. Gardner (P); Kimbi Y. Overton

(P); Ken Ivey (P); Austin, TX: Retina Research
Center: Brian B. Berger (I); Chirag D. Jhaveri (I); Tori
Moore (C); Ivana Gunderson (C,V); Rachel A. Walsh
(C); Ginger J. Manhart (C); Jenny J. Tracy (C);
Dietrich Riepen (V); Boris Corak (V); Chelsey A.
Bravenec (V); Brandon Nguyen (V); Ryan M. Reid
(V); Yong Ren (P); Christopher C. Stovall (P); Ben
Ostrander (P); Santa Barbara, CA: California Retina
Consultants: Dante J. Pieramici (I); Alessandro A.
Castellarin (I); Sarah Fishbein (C,V); Michelle S.
Hanna (C,V); Erica D. Morasse (C,V); Gina Hong
(C,V); Jack Giust (C); Lisha Wan (C,V); Melvin D.
Rabena (C); Sara Esau (C,V); Jerry Smith (V); Kelly
Avery (V); Layne J. Bone (V); Aimee Walker (P);
Matthew Giust (P); Nitce L. Ruvalcaba (P); Aimee H.
Shook (P); Columbia, SC: Carolina Retina Center:
Jeffrey G. Gross (I); Michael A. Magee (I); Barron C.
Fishburne (I); Amy M. Flowers (C,V); Christen
Ochieng (C,V); Rile Stroman (C,V); Angelique SA
McDowell (V); Randall L. Price (P); Hunter
Matthews (P); Lubbock, TX: Texas Retina
Associates: Michel Shami (I); Sushma K. Vance (I);
Yolanda Saldivar (C); Keri S. Neuling (C); Brenda K.
Arrington (C,P,V); Ashaki Meeks (V); Natalie R.
Garcia (V); Kayla Blair (P); Janet Medrano (P);
Ginger K. Rhymes (P); Plantation, FL: Fort
Lauderdale Eye Institute: Stuart K. Burgess (I); Tirso
M. Lara (I); Noel H. Pereda (C,V); Cindy V. Fernandez
(C,V); Evelyn Quinchia (V); Deborah Davis (V);
Karen Workman (P); Trumbull, CT: New England
Retina Associates, PC: Nauman A. Chaudhry (I);
Sumit P. Shah (I); Gregory M. Haffner (I); Emiliya
German (C); Laura A. Fox (C,V); JoAnna L. Pelletier
(C); Jennifer M. Matteson (C); Shannan Moreau (C);
Kristin E. Brown (V); Michelle Esler (V); Alison
Fontecchio (V); Emily Morse (P); Marie Grace
Laglivia (P); Justin A. Cocilo (P); Greg McNamara
(P); Stefanie R DeSantis (P); Marissa L. Scherf (P);
Angela LaPre (P); McAllen, TX: Valley Retina
Institute: Victor Hugo Gonzalez (I); Nehal R. Patel
(I); Rohit Adyanthaya (I); Roberto Diaz-Rohena (I);
Deyla Anaya (C); Crystal A. Alvarez (C); Ruth
Iracheta (C); Edna E. Cruz (C); Jessica Rodriguez (C);
Gabriela Zavala (C); Kethsaly J. Salinas (C); Tabitha
Trevino (V); Krystle R. Lozano (V); Karina Miranda
(V); Monica R. Cantu (V); Maricela Garza (V); Hector
Jasso (V); Rebecca R. Flores (V); Rachel Rodriguez
(V); Samuel Alonso (P); Amanda L. Sandoval (P);
Santos Garza (P); John Trevino (P); Lazaro Aguero
(P); Monique Montemayor (P); Portland, OR: Retina
Northwest, PC: Mark A. Peters (I); Paul S. Tlucek (I);
Michael S. Lee (I); Colin Ma (I); Stephen Hobbs
(C,V); Stephanie L. Ho (C,V); Amanda C. Milliron (V);
Marcia Kopfer (V); Joe Logan (P); Christine Hoerner
(P); San Antonio, TX: Retinal Consultants of San
Antonio: Calvin E. Mein (I); R. Gary Lane (I); Moises
A. Chica (I); Sarah Elizabeth Holy (I); Lita
Kirschbaum (C,V); Vanessa D Martinez (C); Jaynee
Baker (C); Adriana A. Lopez (C); Christa G. Kincaid
(V); Sara L Schlichting (P); Brenda Nakoski (P);
Christopher Sean Wienecke (P); Elaine Castillo (P);
Clarissa M. Marquez (P); Worcester, MA:
Vitreo-Retinal Associates, PC: Frank J. McCabe (I);
Brad J. Baker (I); Melvyn H. Defrin (I); Marie V.
Lampson (C); Heather Pratte (V); Selena A. Baron
(V); Aundrea S. Borelli (V); Fort Myers, FL: National
Ophthalmic Research Institute: A. Thomas Ghuman
(I); Paul A. Raskauskas (I); Glenn Wing (I); Ashish G.
Sharma (I); Joseph P. Walker (I); Eileen Knips (C,P);
Natalie N. Torres (C); Crystal Y. Peters (C); Cheryl
Ryan (C); Laura Greenhoe (C); Cheryl Kiesel (C);
Rebecca J Youngblood (C); Anita H. Leslie (V);
Danielle Turnbo (V); Etienne C. Schoeman (P);

Raymond K. Kiesel (P); Houston, TX: Retina
Consultants of Houston, PA: Charles C. Wykoff (I);
Eric Chen (I); David M. Brown (I); Matthew S. Benz
(I); Tien P. Wong (I); Amy C. Schefler (I); Richard H.
Fish (I); James C. Major (I); Rosa Y. Kim (I); Meredith
Lipman (C); Ashley E. Chancey (C); Amy Hutson (C);
Cassie Cone (C); Stacy M. Supapo (C); Nubia
Landaverde (C); Belinda A. Almanza (V); Brenda
Dives (V); Veronica A. Sneed (V); Eric N. Kegley (P);
Cary A. Stoever (P); Beau A Richter (P); Loma Linda,
CA: Loma Linda University Health Care,
Department of Ophthalmology: Joseph T. Fan (I);
Mukesh Bhogilal Suthar (I); Michael E. Rauser (I);
Gisela Santiago (C,V); Brandi J Perez (C,V); Liel
Marvyn Cerdenio (C,V); Kara E. Halsey (C,V); William
H. Kiernan (V); Raquel Hernandez (V); Diana Povero
(P); Jesse Knabb (P); Portland, OR: Casey Eye
Institute: Andreas K. Lauer (I); Christina J Flaxel (I);
Ann D. Lundquist (C,V); Mitchell Schain (C,V);
Shelley A. Hanel (C); Susan K. Nolte (V); Shirley D.
Ira (V); Scott R. Pickell (P); Peter N. Steinkamp (P);
Jocelyn T. Hui (P); Jordan Barth (P); Dawn M. Ryan
(P); Chris S Howell (P); Michelle Brix (P);
Beachwood, OH: Retina Associates of Cleveland,
Inc: Michael A. Novak (I); David G. Miller (I);
Llewelyn J. Rao (I); Jerome P. Schartman (I); Joseph
M. Coney (I); Lawrence J. Singerman (I); Susan C.
Rath (C,V); Veronica A. Smith (C); Larraine Stone
(C); Elizabeth McNamara (C,V); Kimberly A. DuBois
(V); Vivian Tanner (V); Mary A Ilc (V); Kim Drury (V);
Cecelia Rykena (V); Trina M. Nitzsche (P); Gregg A.
Greanoff (P); John C. DuBois (P); Lancaster, PA:
Family Eye Group: Michael R. Pavlica (I); Noelle S
Matta (C,V); Alyson B. Keene (P); Cristina M.
Brubaker (P); Christine M. Keefer (P); Ocala, FL:
Ocala Eye Retina Consultants: Chander N. Samy (I);
Robert J. Kraut (I); Kathy Shirley (C); Linsey Corso
(C); Karen Ely (V); Elizabeth Scala (P); Vanessa
Alava (P); Stewart Gross (P); Ann Arbor, MI: Kellogg
Eye Center, University of Michigan: Thomas W.
Gardner (I); Grant M. Comer (I); Pamela S. Campbell
(C,V); Lindsay M. Godsey (C,V); Linda Fournier (V);
Moe Hesselgrave (V); Timothy Steffens (P); Robert
Prusak (P); Hillary Bernard (P); Linda Goings (P);
Alexis L. Smith (P); Grand Blanc, MI: Retina Vitreous
Center: Robin D. Ross (I); Susan M. Sanford (C);
Nicole Martini Markiewicz (C); Tracy M. Utley (C,V);
Shannon Henderson (V); Mary D. Walker (V); Joanie
H. Lippincott (P); Patricia Streasick(P); Boston, MA:
Joslin Diabetes Center/Harvard Vanquard Medical
Associates: Jennifer K. Sun (I); Paolo S. Silva (I);
Lloyd Paul Aiello (I); Paul Arrigg (I); Margaret E.
Stockman (C,V); Hanna Kwak (C); Ann Kopple (C);
Jerry D. Cavallerano (V); Rita K. Kirby (P); Leila
Bestourous (P); Elizabeth S. Weimann (P); Robert
W. Cavicchi (P); Denver, CO: Denver Health Medical
Center: Hugo Quiroz-Mercado (I); Leif S. Ryman (C);
Teresa E. Rudesyle (C); Daniela Santos Canto (C);
Guillermo Salcedo-Villanueva (C); Chelsea Lynn
Mastin (V); Rosemary C. Rhodes (V); Carolyn J.
Jackson (P); Regina Victoria (P); Indianapolis, IN:
Raj K. Maturi, MD, PC: Raj K. Maturi (I); Ashley M.
Harless (C,V); Carolee K. Novak (C,V); Laura A. Bleau
(C,V); Nicole Ellingwood (P); Thomas Steele (P);
Missy Livengood (P); Alisha Bildner (P); Abby Maple
(P); Charlotte Harris (P); Jacksonville, FL: University
of Florida College of Medicine, Department of
Ophthalmology, Jacksonville Health Science
Center: Kakarla V. Chalam (I); Ghulam Shabbir
Hamdani (C); Shamim A. Haji (C); Wenhua Li (C,V);
Kumar Sambhav (C,V); Ashley Cowart (C,V);
Nicholas Freeman (P); Jose J. Carrion (P); Knoxville,
TN: Southeastern Retina Associates, PC: Joseph M.

Research Original Investigation Panretinal Photocoagulation vs Intravitreous Ranibizumab for Proliferative Diabetic Retinopathy

1146 JAMA Ophthalmology October 2018 Volume 136, Number 10 (Reprinted) jamaophthalmology.com

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 03/12/2022

http://www.drcr.net
http://www.jamaophthalmology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2018.3255


Googe (I); Stephen L. Perkins (I); Nicholas G.
Anderson (I); Kristina Oliver (C); Lisa Lovelady (C);
Christy Berry (V); Cecile Hunt (V); Jennifer
Beerbower (V); Ann Arnold (V); Nicole Grindall (V);
Patricia Coppola (V); Kathy L. Schulz (V); Jerry K.
Whetstone (P); Sarah M. Oelrich (P); Raul E. Lince
(P); Justin Walsh (P); Milwaukee, WI: Medical
College of Wisconsin: Judy E. Kim (I); Dennis P. Han
(I); David V. Weinberg (I); William J. Wirostko (I);
Thomas B. Connor (I); Vesper V. Williams (C); Krissa
L. Packard (C); Tracy L. Kaczanowski (C); Judy
Flanders (V); Vicki Barwick (V); Pat A. Winter (V);
Dennis B. Backes (P); Mara Goldberg (P); Joseph R.
Beringer (P); Kathy J. Selchert (P); San Antonio, TX:
Medical Center Ophthalmology Associates: Michael
A. Singer (I); 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); Syracuse, NY: Retina-Vitreous Surgeons of
Central New York, PC: G. Robert Hampton (I); Jamin
S. Brown (I); 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); West Des Moines, IA: Wolfe
Eye Clinic: Jared S. Nielsen (I); Kyle J. Alliman (I);
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, TX:
Austin Retina Associates: Robert W. Wong (I);
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); Northfield,
NJ: Retinal and Ophthalmic Consultants, PC: Brett
T. Foxman (I); Scott G. Foxman (I); Natalie S. Mahan
(C); Chastity Mendez (V); Rochester, NY: University
of Rochester: David Allen DiLoreto (I); George W.
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); Seattle, WA: University of Washington Medical
Center: James L. Kinyoun (I); 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,
WA: Spokane Eye Clinic: Robert S. Wirthlin (I); Eric
S. Guglielmo (I); 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); Walnut Creek, CA:
Bay Area Retina Associates: Stewart A. Daniels (I);
Tushar M. Ranchod (I); 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); Grand Rapids, MI: Retina Specialists of
Michigan: Thomas M. Aaberg (I); Scott J.
Westhouse (I); Holly L. Vincent (C,V); Rebecca
Malone (V); Kristine L. VanDerKooi (P); Casey
Le Roy (P); Kathy L. Karsten (P); Houston, TX:
Retina and Vitreous of Texas: Joseph A. Khawly (I);
H. Michael Lambert (I); 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); Houston, TX:
Baylor Eye Physicians and Surgeons: Petros

Euthymiou Carvounis (I); Robert E. Coffee (I);
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); Monroeville, PA:
Retina Vitreous Consultants: Karl R. Olsen (I); P.
William Conrad (I); Pamela P. Rath (I); Judy C Liu (I);
Bernard H. Doft (I); Robert L. Bergren (I); 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);
Philadelphia, PA: University of Pennsylvania Scheie
Eye Institute: Alexander J. Brucker (I); Benjamin J.
Kim (I); 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); Tampa, FL:
Retina Associates of Florida, PA: Ivan J. Suner (I);
Marc C. Peden (I); Mark E. Hammer (I); Janet R.
Traynom (C); Rochelle DenBoer (C); Susan Ramsey
(V); Heidi Vargo (V); Debra Jeffres (P); Anita Kim
Malzahn (P); Baltimore, MD: Wilmer Eye Institute at
Johns Hopkins: Sharon D. Solomon (I); Susan
Bressler (I); 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);
Bronx, NY: Montefiore Medical Center: Umar Khalil
Mian (I); Rebecca L. Riemer (C); Louise V. Wolf (C);
Evelyn Koestenblatt (C); Erica Otoo (V); Irina
Katkovskaya (V); Christine Kim (V); Kevin A. Ellerbe
(P); Caroline Costa (P); Kenneth Boyd (P);
Campbell, CA: Retinal Diagnostic Center: Amr
Dessouki (I); Joel M. Barra (C); Jessenia Perez (C);
Rose Monahan (C); Kelly To (V); Hienmy Dang (V);
Tim Kelley (P); Chicago, IL: Rush University Medical
Center: Mathew W. MacCumber (I); Eileen E.
Tonner (C,V); Danielle R. Carns (C); Denise L.
Voskuil-Marre (C,V); Evan R. Rosenberg (V); Kisung
Woo (P); Dallas, TX: Texas Retina Associates: Gary
E. Fish (I); Sally Arceneaux (C,V); Karen Duignan (V);
Nicholas Hesse (P); Michael Mackens (P); Glenview,
IL: North Shore University Health System: Manvi P.
Maker (I); Mira Shiloach (C,V); Courtney Kastler (P);
Lynn Wasilewski (P); Lexington, KY: Retina
Associates of Kentucky: Thomas W. Stone (I); John
W. Kitchens (I); Diana M. Holcomb (C,V); Jeanne
Van Arsdall (V); Edward A. Slade (P); Michelle Buck
(P); Palm Desert, CA: Southern California Desert
Retina Consultants, MC: Clement K. Chan (I); Maziar
Lalezary (I); Kimberly S. Walther (C); Tiana Gonzales
(C); Lenise E. Myers (V); Kenneth M. Huff (P);
Phoenix, AZ: Retinal Consultants of Arizona: Karim
N. Jamal (I); David T. Goldenber (I); Sachin Mehta
(I); 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,
FL: Sarasota Retina Institute: Melvin Chen (I); Peggy
A. Jelemensky (C); Tara L. Raphael (V); Mark Sneath
(P); Evelyn Inlow (P); St. Louis, MO: The Retina
Institute: Kevin J. Blinder (I); 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); Protocol Development Committee:
Jeffrey G. Gross (Protocol Chair), Lloyd Paul Aiello,
Roy W. Beck, Neil M. Bressler, Susan B. Bressler,
Ronald P Danis, Joseph T. Fan, Frederick Ferris,
Adam R. Glassman, Dennis M. Marcus, Michael R.

Pavlica, Ingrid U. Scott, Cynthia R. Stockdale,
Jennifer K. Sun; DRCR.net Coordinating Center:
Jaeb Center for Health Research, Tampa, FL (staff
as of 5/7/2018): Adam R. Glassman (Director and
Principal Investigator), Roy W. Beck (Executive
Director), Daphne Auza, Alyssa Baptista, Wesley T.
Beaulieu, Sharon R. Constantine, Brian B. Dale,
Simone S. Dupre, Julie Davis, Meagan L. Huggins,
Paula A. Johnson, Brittany Kelly, Danni Liu, Brenda
L. Loggins, Maureen Maguire, Michele Melia, Ilona
Nemeth, Isoken Odia, Carrie Preston, Cynthia R.
Stockdale, Katie Stutz; Duke Reading Center (staff
as of 1/5/18): Adiel Mora, Ellen Young, Chris
Harrington, Glenn Jaffe, Trina Winter, Kelly Inman,
Cindy Heydary, Justin Myers, Kelly Shields, Dee
Busian, Garrett Thompson, Keifer McGugan;
Fundus Photograph Reading Center, University of
Wisconsin-Madison, Madison, WI (staff as of
5-8-18): Barbara Blodi (Principal Investigator),
Matthew D. Davis, Amitha Domalpally, James L.
Reimers, Pamela Vargo, Dawn Myers, Daniel
Lawrence, James Allan, Ashley Harris, Ellie Corkery,
Kristi L. Dohm, Kristine Lang; Ruth Shaw; Sheila
Watson and Wendy K. Benz; University of Iowa
Visual Field Reading Center: (staff as of 5/08/2018):
Michael Wall, Chris Johnson, Todd Shinkunas, Trina
Eden, Kimberly Woodward; Data Safety and
Monitoring Committee: Gary Abrams, Deborah R.
Barnbaum, Harry Flynn, Kyle D. Rudser, Sangeeta
Bhargava, Ruth S. Weinstock, Stephen Wisniewski,
Paul Sternberg, John Connett (Chair, 2003-2015),
Saul Genuth (2006-2013), Robert Frank
(2006-2012); Charles P. Wilkinson (2013-2018);
DRCR.net Network Chair: Jennifer K. Sun
(2018-present), Daniel F. Martin (2018-Present),
Lee M. Jampol (2013-2017), Neil M. Bressler
(2006-2012); DRCR.net Vice Chairs: Carl W. Baker
(2011-2013, 2017-present), Chirag Jhaveri (2016
–present), Mathew MacCumber (2018- present),
Andrew Antoszyk (2013-2016), Susan B. Bressler
(2009-2011), Scott Friedman (2009-2012), Judy
Kim (2015-2017), Ingrid U. Scott (2009-2010),
Jennifer K. Sun (2012-2014), John A. Wells, III
(2013- 2015); National Eye Institute: Sangeeta
Bhargava (2016-current) Eleanor Schron
(2009-2015), Donald F. Everett (2003-2006,
2007-2009), Päivi H. Miskala (2006-2007);
Executive Committee: Andrew N. Antoszyk (2009;
2013 - present), Carl W. Baker (2009-present), Roy
W. Beck (2002-present), Sangeeta Bhargava
(2016-present), Barbra Blodi (2014-present), Neil
M. Bressler (2006-present; Chair 2006 - 2008)
, Susan B. Bressler (2009-Present), Michael J.
Elman (2006-present; Chair 2009 and 2012),
Frederick L. Ferris III (2002-present), Adam R.
Glassman (2005-present), Glenn J. Jaffe
(2012-present), Lee M. Jampol (2012-present),
Chirag D. Jhaveri (2016-present), Brandon Lujan
(2017-present), Mathew MacCumber
(2018-Present), Dennis M. Marcus (2011-2012,
2018-Present), Daniel F. Martin (2017-present), Raj
K. Maturi (2009-2011, 2013- present), Jennifer K.
Sun (2009-present). Prior Members: Lloyd Paul
Aiello (2002-2018; Chair 2002 – 2005), Abdhish
Bhavsar (2007-2008, 2010-2012), Alexander J.
Brucker (2009-2011), Kakarla V. Chalam
(2009-2011), Ronald P. Danis (2004-2015),
Matthew D. Davis (2002-2018), Donald F. Everett
(2002-2009), Joan Fish (2008 - 2009), Scott
Friedman (2007 –2013), Joseph Googe, Jr.
(2009-2011), Jeffrey G. Gross (2012-2017), Diana
M. Holcomb (2011-2012), Judy E. Kim (2015-2017),
Andreas Lauer (2007-2008), Ashley McClain

Panretinal Photocoagulation vs Intravitreous Ranibizumab for Proliferative Diabetic Retinopathy Original Investigation Research

jamaophthalmology.com (Reprinted) JAMA Ophthalmology October 2018 Volume 136, Number 10 1147

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 03/12/2022

http://www.jamaophthalmology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2018.3255


(2013); Brandi J. Perez (2013), Eleanor Schron
(2009-2015), Ingrid U. Scott (2009-2010), JoAnn
Starr (2009-2011), John A. Wells, III (2012-2015). (I)
for Study Investigator, (C) for Coordinator, (V)
Visual Acuity Technician, and (P) for Photographer.

Disclaimer: Dr Bressler is editor in chief of JAMA
Ophthalmology; Dr Sun is CME Editor of JAMA
Ophthalmology; Dr Ferris is Deputy Editor, Opinion,
of JAMA Ophthalmology; and Dr Beck is Deputy
Editor of JAMA Ophthalmology, but none of these
individuals were involved in any of the decisions
regarding review of the manuscript or its
acceptance.

Meeting Presentation: This paper was presented
at the American Society of Retina Specialists Annual
Meeting; July 24, 2018; Vancouver, British
Columbia, Canada.

REFERENCES

1. National diabetes fact sheet, 2007. Centers for
Disease Control and Prevention. https://stacks.cdc
.gov/view/cdc/5613/cdc_5613_DS1.pdf. Accessed
July 5, 2018.

2. The Diabetic Retinopathy Study Research Group.
Photocoagulation treatment of proliferative

diabetic retinopathy: Clinical application of Diabetic
Retinopathy Study (DRS) findings, DRS report
number 8. Ophthalmology. 1981;88(7):583-600.

3. Sivaprasad S, Prevost AT, Vasconcelos JC, et al;
CLARITY Study Group. Clinical efficacy of
intravitreal aflibercept versus panretinal
photocoagulation for best corrected visual acuity in
patients with proliferative diabetic retinopathy at
52 weeks (CLARITY): a multicentre, single-blinded,
randomised, controlled, phase 2b, non-inferiority
trial. Lancet. 2017;389(10085):2193-2203. doi:10
.1016/S0140-6736(17)31193-5

4. Gross JG, Glassman AR, Jampol LM, et al;
Writing Committee for the Diabetic Retinopathy
Clinical Research Network. Panretinal
photocoagulation vs intravitreous ranibizumab for
proliferative diabetic retinopathy: a randomized
clinical trial. JAMA. 2015;314(20):2137-2146. doi:10
.1001/jama.2015.15217

5. Gross JG, Glassman AR. A novel treatment for
proliferative diabetic retinopathy: anti-vascular
endothelial growth factor therapy. JAMA Ophthalmol.
2016;134(1):13-14. doi:10.1001/jamaophthalmol.2015
.5079

6. Diabetic Retinopathy Clinical Research Network
(DRCRnet) public web site. http://drcrnet.jaeb.org
/ViewPage.aspx?PageName=Home. Accessed July
10, 2018.

7. World Medical Association. World Medical
Association Declaration of Helsinki: ethical
principles for medical research involving human
subjects. JAMA. 2013;310(20):2191-2194. doi:10
.1001/jama.2013.281053

8. Antiplatelet Trialists’ Collaboration. Collaborative
overview of randomised trials of antiplatelet
therapy--I: prevention of death, myocardial
infarction, and stroke by prolonged antiplatelet
therapy in various categories of patients:
Antiplatelet Trialists’ Collaboration. BMJ. 1994;308
(6921):81-106. doi:10.1136/bmj.308.6921.81

9. Gross JG, Glassman AR, Klein MJ, et al. Interim
safety data comparing ranibizumab with panretinal
photocoagulation among participants with
proliferative diabetic retinopathy. JAMA Ophthalmol.
2017;135(6):672-673. doi:10.1001/jamaophthalmol
.2017.0969

Research Original Investigation Panretinal Photocoagulation vs Intravitreous Ranibizumab for Proliferative Diabetic Retinopathy

1148 JAMA Ophthalmology October 2018 Volume 136, Number 10 (Reprinted) jamaophthalmology.com

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 03/12/2022

https://stacks.cdc.gov/view/cdc/5613/cdc_5613_DS1.pdf
https://stacks.cdc.gov/view/cdc/5613/cdc_5613_DS1.pdf
https://www.ncbi.nlm.nih.gov/pubmed/7196564
https://dx.doi.org/10.1016/S0140-6736(17)31193-5
https://dx.doi.org/10.1016/S0140-6736(17)31193-5
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2015.15217&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2018.3255
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2015.15217&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2018.3255
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaophthalmol.2015.5079&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2018.3255
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaophthalmol.2015.5079&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2018.3255
http://drcrnet.jaeb.org/ViewPage.aspx?PageName=Home
http://drcrnet.jaeb.org/ViewPage.aspx?PageName=Home
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2013.281053&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2018.3255
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2013.281053&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2018.3255
https://dx.doi.org/10.1136/bmj.308.6921.81
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaophthalmol.2017.0969&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2018.3255
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaophthalmol.2017.0969&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2018.3255
http://www.jamaophthalmology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2018.3255

