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Purpose: The purpose of this study was to prospectively study the efficacy of grid laser 

combined with intravitreal bevacizumab or ranibizumab in eyes with macular edema due to 

branch retinal vein occlusion.

Patients and methods: Treatment-naïve eyes were enrolled to receive injections of ranibi-

zumab or bevacizumab. During the first 6 months, patients were evaluated monthly and injected 

if the best-corrected visual acuity changed by five or more letters or fluid was noted on spectral 

domain optical coherence tomography (OCT); during the next 6 months, patients were evaluated 

bimonthly and injected only if the best-corrected visual acuity decreased by five or more letters 

with the associated fluid. Grid laser photocoagulation was performed if there was fluid on OCT 

and was repeated if patients were eligible after a minimum interval of 3 months.

Results: The mean numbers of ranibizumab and bevacizumab injections were, respectively, 

3.2±1.5 and 3.0±1.4 in the first 6 months and 0.3±0.6 and 0.3±0.6 in the last 6 months. 

 Moreover, 55/75 (73.33%) participants did not receive any injections in the last 6 months. 

The mean reductions in central retinal thickness at 12 months were 165.67 µm (P,0.001; 95% 

 confidence interval -221.50 to -135.0) in the ranibizumab group and 184.78 µm (P,0.001; 

95% confidence interval -246.49 to -140.0) in the bevacizumab group (P=0.079). More patients 

in the bevacizumab group compared to those in the ranibizumab group required rescue laser at 

12 months (20 vs eleven; P=0.06).

Conclusion: Bimonthly evaluations after month 6 with very few pro re nata injections were 

effective in maintaining visual gains achieved during the first 6 months. Grid laser photoco-

agulation is effective in maintaining the vision even in the presence of fluid on OCT, although 

it’s required more often in patients treated with bevacizumab.
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Introduction
Branch retinal vein occlusion (BRVO) represents the second most common retinal 

vascular disorder, affecting 0.6%–1.1% of individuals over the age of 50 years.1,2 

There is upregulation of numerous chemokines and cytokines, including interleukin-6, 

interleukin-8, monocyte chemotactic protein-1, soluble intercellular adhesion 

molecule-1, interferon-induced protein-10, platelet-derived growth factor-AA, vascu-

lar endothelial growth factor (VEGF), soluble VEGF receptor-1, and soluble VEGF 

receptor-2.3,4 VEGF plays a critical role in the formation of macular edema by acting 

on various pathways at the molecular and cellular levels.5–7
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Data from Phase III, randomized, controlled trials 

of eyes with macular edema due to BRVO showed that 

monthly intravitreal injections of ranibizumab (Lucentis®; 

Genentech, Inc., South San Francisco, CA, USA) and afliber-

cept (Eylea®; Regeneron, Tarrytown, NY, USA) inhibit 

the actions of VEGF and improve macular thickness and 

visual acuity (VA) better than sham/photocoagulation.8–10 

The excess macular fluid resolves rapidly in the majority 

of drug-treated patients, and the average best-corrected 

visual acuity (BCVA) improves by +17.0 to +18.3 letters 

at 6 months.8,10 Unfortunately, a regimen of monthly intra-

vitreal injections challenges compliance; so after the initial 

6-month treatment period, ranibizumab for the treatment of 

macular edema following Branch Retinal Vein Occlusion: 

Evaluation of Efficacy and Safety (BRAVO) trial adopted 

a monthly pro re nata (PRN) strategy,9 whereas the study 

to assess the clinical efficacy and safety of intravitreal 

aflibercept injection in patients with BRVO (VIBRANT) 

extended the assessment and injection intervals to every 

8 weeks.10 Patients in the BRAVO trial received six monthly 

injections after enrollment and 2.7 injections (mean) 

between months 6 and 12.9

Despite the impressive data from these trials, important 

questions regarding the treatment of BRVO remain. The 

optimal injection frequency of anti-VEGF drugs during the 

first year has not yet been established. Although most eyes 

initially do well with monthly dosing, PRN regimens have 

not been adequately studied and less frequent PRN regimens 

that do not require monthly visits to physicians’ offices have 

not been described.

Because of these unresolved issues, we designed the 

MARVEL study to answer two questions. We wanted to 

determine if PRN treatment regimen from baseline along with 

monthly visits for the first 6 months followed by bimonthly 

visits for the next 6 months could achieve BCVA improve-

ments comparable to those in the Phase III trials. In the first 

MARVEL publication,11 we reported that monthly visits 

with PRN injections of either bevacizumab (Avastin™; 

1.25 mg/0.05 mL; Hoffman-La Roche Ltd., Basel, 

Switzerland) or ranibizumab (Lucentis™; 0.5 mg/0.05 mL; 

Novartis International AG, Basel, Switzerland) significantly 

improve average BCVA (+15.6 letters or +18.1 letters, 

respectively) for 6 months. After the initial 6-month period in 

the MARVEL trial, we decreased the surveillance frequency 

to every 2 months, modified the treatment criteria, and con-

tinued to treat patients on a PRN basis. This study reports 

the average gains in BCVA and numbers of reinjections and 

laser sessions at 12 months.

Patients and methods
The local institutional review board (LEC-11-097) of L V 

Prasad Eye Institute approved the study. The study protocol 

adhered to the tenets of the Declaration of Helsinki, and all 

participants gave written informed consent before enroll-

ment. The eligible patients were recruited from January 

2012 through February 2013 at the L V Prasad Eye Institute, 

Hyderabad, India.

Patient eligibility
A detailed description of the methodology is given in MAR-

VEL report number 1.11 Briefly, the key eligibility criteria 

included: 1) center-involving macular edema due to BRVO 

of ,9 months duration; 2) minimum central retinal thick-

ness (CRT) of 250 µm on spectral domain optical coherence 

tomography (SD-OCT); and 3) best-corrected early treatment 

of diabetic retinopathy VA of 24–73 letters (20/40 to 20/320) 

in the study eye.

The key exclusion criteria included: 1) previous macular 

laser photocoagulation in the study eye; 2) use of intraocular 

or periocular corticosteroids in the study eye within the pre-

vious 3 months; and 3) previous treatment with anti-VEGF 

drugs in the study eye.

study design
Subjects were randomized to one of the following treatment 

arms in a 1:1 ratio in block sizes of six: 1) 0.5 mg ranibizumab 

intravitreally at baseline followed by monthly PRN injec-

tions and 2) 1.25 mg bevacizumab intravitreally at baseline 

followed by monthly PRN.

At month 6, subjects were evaluated monthly and injected 

PRN according to the protocol retreatment criteria. From 

months 6 through 12, patients were evaluated every 2 months 

and injected PRN according to the modified retreatment 

criteria.

Retreatment criteria for PRN dosing 
during the first 6 months
During the first 6 months, subjects received additional 

injections of study drug if any of the following retreat-

ment criteria were satisfied: 1) .50 µm increase in CRT 

compared to the thinnest previous measurement; 2) new or 

persistent cystoid retinal changes or subretinal fluid on SD-

OCT; 3) loss of five or more letters from the best previous 

BCVA measurement together with any increase in CRT; 

and 4) increase in five or more letters from the most recent 

BCVA measurement.
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Retreatment criteria for PRN dosing 
during the last 6 months
From months 6 through 12, subjects received additional injec-

tions of study drug only if there was a loss of five or more 

letters of BCVA together with fluid on SD-OCT.

rescue laser criteria
Subjects in both treatment arms were eligible to receive 

modified macular grid laser photocoagulation if the following 

prespecified criteria were met: 1) .50 µm increase in CRT 

compared to the previous measurement and 2) persistent 

diffuse edema with CRT $250 µm. An anti-VEGF injection 

and laser were performed at the same visit only if the above 

rescue laser criteria were met and the BCVA decreased by 

five or more letters.

Outcome measures
The primary end point was the change in the BCVA score 

from baseline at month 12 versus month 6. The second-

ary outcome measures included: 1) proportion of subjects 

who gained 15 letters or more in BCVA at 12 months and 

2) change in CRT from baseline at month 12.

statistical analysis
Fisher’s exact test was used to analyze categorical vari-

ables, and both Wilcoxon rank sum test and two-sample 

t-test were used to analyze continuous variables. The val-

ues of mean and standard deviation (SD) were reported. 

P-values and confidence intervals (CIs) were two sided, 

with a P-value of ,0.05 considered significant. Data were 

analyzed using R software Version 3.1.2 (R Development 

Core Team, R Foundation for Statistical Computing, 

Vienna, Austria).

Results
Baseline characteristics of enrolled patients are summarized 

in Table 1. There were no significant differences in demo-

graphic or ocular characteristics between the study groups 

at baseline, except that there were significantly more 

females in the ranibizumab group. The BCVA letter scores 

(mean ± SD) were 52.8±14.4 letters and 56.1±10.0 letters 

(P=0.32) and the mean baseline CRT was 445.6±119.5 µm 

and 491.5±155.1 µm (P=0.1) in the ranibizumab and beva-

cizumab groups, respectively. Most patients (ranibizumab: 

31/37 [83.78%]; bevacizumab: 29/38 [76.31%]) completed 

the study.

Functional outcomes at month 12
Important primary and secondary outcomes at months 6 

and 12 are listed in Table 2. At 12 months, the mean BCVAs 

were 71.7±14.7 letters and 72.2±14.9 letters (Snellen equiva-

lent: 20/40 for each) in the ranibizumab and bevacizumab 

groups, respectively. The mean gains in BCVA from baseline 

were +18.9 letters (P,0.001; 95% CI +14.0 to +22.5) in the 

ranibizumab group and +16.1 letters (P,0.001; 95% CI +12.6 

to +19.5) in the bevacizumab group (Figure 1).

The proportions of patients who gained $15 letters 

at 12 months (ranibizumab: 24 [64.9%]; bevacizumab: 

23 [60.5%]) were similar to those at 6 months (ranibizumab: 

59.4%; bevacizumab: 57.8%; P=0.46 and P=0.77, respec-

tively). Importantly, 16 eyes in each group (ranibizumab: 

43.24%; bevacizumab: 42.11%) gained 15 or more letters 

after the first injection (P=1.0). One patient from each group 

lost more than five letters from the baseline BCVA, and no 

patient lost more than 15 letters.

Twenty-three (62.16%) eyes in the ranibizumab group 

and 25 (65.78%) in the bevacizumab group achieved final 

Table 1 Baseline characteristics of enrolled patients

Characteristic Ranibizumab (n=37) Bevacizumab (n=38) P-value

Mean age, years ± sD 52.9±8.5 50.5±8.7 0.23
sex, n (%)

Female 22 (59.46) 12 (31.58) 0.02
Male 15 (40.54) 26 (68.42)

Preexisting conditions/comorbidities
hypertension, n (%) 23 (62.1) 27 (71.1) 0.46
Diabetes mellitus, n (%) 7 (18.9) 10 (26.3) 0.58
hyperlipidemia, n (%) 11 (29.7) 14 (36.8) 0.62
Coronary artery disease, n (%) 2 (5.4) 1 (2.6) 0.61
stroke, n (%) 2 (5.4) 1 (2.6) 0.61

Blood pressure, mmhg
systolic 132.2±12.7 137.4±19.9 0.18
Diastolic 86.1±9.4 86.8±11.5 0.77

Abbreviation: sD, standard deviation.
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visual acuities of $20/40 (P=0.8). No patient in either group 

suffered a BCVA #20/200 at either 6 or 12 months.

anatomic outcomes at month 12
The mean reductions in CRT at month 6 (ranibizumab: 

-177.1 µm; bevacizumab: -201.7 µm) were maintained 

at month 12 (ranibizumab: -165.7 µm; bevacizumab: 

-184.8 µm; P=0.84).

Treatments
Mean numbers of injections
The mean numbers of injections from baseline through 

12 months (ranibizumab: 3.5±2.4; bevacizumab: 3.3±2.1; 

P=0.8) changed a little from the 6-month totals (3.2±1.5 and 

3.0±1.4), demonstrating that patients received an average of 

only 0.3 injections during the final 6 months of the study.

rescue laser treatment
At 6 months, relatively a few patients had received rescue 

laser photocoagulation (ranibizumab: four (10.8%); beva-

cizumab: eight (21.0%); P=0.34); however, more patients 

received laser between months 6 and 12 (ranibizumab: 

seven (18.91%); bevacizumab: 12 (31.57%); P=0.19 

between the groups). At 12 months, more patients receiving 

bevacizumab than ranibizumab required macular laser 

(20 vs eleven; P=0.06). Two patients in each group received 

sector laser photocoagulation due to the development of 

neovascularization.

adverse events
Ocular adverse events included the development of epiretinal 

membranes (ranibizumab: one; bevacizumab: three; P=0.9), 

progression of cataract (ranibizumab: two; bevacizumab: 

three), and elevation of intraocular pressure (bevacizumab: 

one) that was controlled with one topical medication. One 

patient receiving ranibizumab developed a BRVO in the fel-

low eye. None of the patients developed endophthalmitis.

Fifteen patients in the ranibizumab group and ten patients 

in the bevacizumab group developed hypertension during the 

study (P=0.53). Two patients in the ranibizumab group were 

admitted to the hospital for a fractured foot and chikungunya 

fever. The important adverse events are listed in Table 3.

Discussion
Advances in laser photocoagulation and intravitreal phar-

macotherapy over the past three decades have significantly 

improved the treatment of macular edema due to BRVO. 

The Branch Vein Occlusion Trial was the first to show 

Table 2 The primary and secondary outcome measures at 6 months and 12 months

Ranibizumab (n=37) Bevacizumab (n=38)

Baseline 6 months 12 months Baseline 6 months 12 months

BCVa (letters)a 52.8±14.4 70.9±13.4 71.7±14.7 56.1±10.0 71.7±10.0 72.2±14.9

CrT (µm) 445.7±119.5 268.6±99.5 280.0±125.9 491.6±155.1 289.9±77.7 306.8±116.3
Injections (mean ± sD) na 3.2±1.5 3.5±2.4 na 3.0±1.4 3.3±2.1
lasers (n) na Four grid eleven grid and two sectoral na eight grid 20 grid and two sectoral

Note: aBCVa letters (snellen equivalent) 52.8±14.4 (20/80), 70.9±13.4 (20/40), 71.7±14.7 (20/40), 56.1±10.0 (20/80), 71.7±10.0 (20/40), 72.2±14.9 (20/40).
Abbreviations: BCVa, best-corrected visual acuity; CrT, central retinal thickness; sD, standard deviation; na, not applicable.

Figure 1 Gain in letters from baseline to 1 year comparing ranibizumab and bevacizumab.
Note: Data points represent the mean gain in BCVa.
Abbreviation: BCVa, best-corrected visual acuity.
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that modified grid laser photocoagulation improves VA 

better than observation.12 Pilot studies performed nearly 

two decades later suggested that intravitreal triamcinolone 

effectively resolves macular edema and improves VA,13,14 

but the SCORE trial found no difference in VA between 

laser photocoagulation and triamcinolone.15 However, there 

was a much higher rate of cataract and glaucoma with the 

4 mg dose of triamcinolone compared to laser. The recently 

completed GENEVA trials showed that sustained-release 

dexamethasone inserts (Ozurdex®; Allergan, Inc., Irvine, 

CA, USA) are superior to sham but drug-related adverse 

events (cataracts and glaucoma) frequently limit their use to 

the second-line therapy.16 Successful Phase III trials led to 

US Food and Drug Administration approval of ranibizumab 

and aflibercept for the treatment of BRVO-related macular 

edema, thereby shifting the standard of care to anti-VEGF 

therapy.9,10

Bevacizumab is noninferior to ranibizumab for the treat-

ment of exudative age-related macular degeneration,17,18 but 

retinal vein occlusions are associated with higher intraocular 

VEGF concentrations,19 so equivalence of bevacizumab and 

ranibizumab for vein occlusions cannot be automatically 

assumed. In the first MARVEL report, we found a -2.5 

(95% CI -8.0 to +5.0) letter difference (bevacizumab – 

ranibizumab) between the treatment groups at the 6-month 

primary end point. At the 12-month secondary end point, 

the visual benefits of PRN bevacizumab and ranibizumab 

had been sustained, but the noninferiority of bevacizumab 

still could not be demonstrated (-2.8 letters; 95% CI -7.0 

to +4.0 letters). Before results of more comparative trials are 

published, such as the SCORE 2, comparing bevacizumab 

with aflibercept, physicians may elect to use bevacizumab 

for macular edema due to BRVO with the confidence that 

most patients respond favorably with excellent improvements 

in BCVA, but they should not assume that bevacizumab is 

noninferior to ranibizumab or aflibercept.

Significant improvements in VA have previously 

been reported with monthly bevacizumab therapy,20–22 

but when injections are administered less frequently or 

PRN, poorer visual improvements may result (+1.6 lines 

to +3 lines). In the MARVEL trial, we chose to administer 

both drugs on a PRN basis after the first injection in order 

to minimize the treatment costs. To further reduce costs 

and ease the treatment burden, at 6 months, we decreased 

the examination frequency and modified the retreatment 

criteria so that injections were given only with a loss of 

five or more letters from the best-ever BCVA together with 

fluid on OCT. By extending the examination intervals to 

2 months (instead of monthly), we reduced the visit bur-

den experienced by both patients and physicians but still 

achieved remarkable stability (bevacizumab: +0.5 letters; 

ranibizumab: +0.8 letters) in BCVA.

The mean numbers of ranibizumab and bevacizumab 

injections in the MARVEL trial were significantly less than 

those seen in the BRAVO trial at both 6 months (3.2 and 

3.0 vs 6, respectively) and 12 months (0.35 and 0.29 vs 2.7, 

respectively).8,9 Between months 6 and 12, eyes maintained 

their VA gains despite mild increases in CRT (ranibi-

zumab: +16.9 µm; bevacizumab: +11.4 µm). These data 

suggest that mild increases in macular thickness (,50 µm) 

may not necessarily decrease BCVA. With our modified 

retreatment criteria, 73.3% of eyes did not require injections 

during the final 6 months of the trial.

Laser photocoagulation for macular edema due to BRVO 

had been considered standard of care since the BVOS12 and 

SCORE trials,15 but it was used as a rescue treatment in the 

more recent BRAVO8,9 and VIBRANT trials.10 Some physicians 

believe that macular laser photocoagulation may reduce the 

injection burden in eyes with BRVO, but its exact role has not 

been well defined. In the MARVEL trial, rescue laser was per-

formed during the final 6 months because of increased macular 

thickening, whereas anti-VEGF injections were administered 

only when the VA had dropped by five or more letters. We 

noted an increase in the proportion of patients requiring rescue 

laser when the evaluation interval was extended from 1 month 

to 2 months (16.0% vs 25.3%), suggesting that the VEGF drive 

persists even after a more aggressive injection regimen during 

the first 6 months. Nonetheless, the rescue laser frequency during 

the second 6 months of the MARVEL trial compares favorably 

to that in the BRAVO trial (25.3% vs 23.7%),9 suggesting that 

the monthly PRN injection regimen employed during the first 

6 months of the MARVEL trial was remarkably durable. Our 

data suggest that laser photocoagulation of the macula still plays 

an important role in the management of BRVO, though only 

Table 3 Observed adverse events during the 12-month trial

Ranibizumab  
(n=37)

Bevacizumab  
(n=38)

Cataract, n (%) 2 (5.4) 3 (7.9)
Conjunctivitis, n (%) 3 (8.1) 1 (2.6)
hypertension, n (%) 15 (40.5) 10 (26.3)
Jaundice, n (%) 2 (5.4) 0 (0.0)
erM, n (%) 1 (2.7) 3 (7.9)
increase in iOP, n (%) 0 (0.0) 1 (2.6)
increase in creatinine, n (%) 1 (2.7) 0 (0.0)
hyperlipidemia, n (%) 5 (13.5) 10 (26.3)
Vitreous hemorrhage, n (%) 1 (2.7) 0 (0.0)

Abbreviations: erM, epiretinal membrane; iOP, intraocular pressure.
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a minority of eyes actually require rescue therapy. It appears 

that in our population, extending the visit interval to 2 months 

may be an effective and safe strategy regardless of which drug –  

bevacizumab or ranibizumab – is used. The VA results in the 

MARVEL trial were comparable to those achieved in BRAVO 

and VIBRANT trials despite the administration of considerably 

fewer injections.9,10 Less aggressive retreatment criteria with 

additional grid laser may be effective in maintaining the initial 

gain. Further study is warranted to determine if the results from 

this study can be reproduced in other populations.

Conclusion
Our study showed that PRN administration of both ranibi-

zumab and bevacizumab effectively reduces CRT and 

improves BCVA in patients with macular edema due to 

BRVO. The modified retreatment criteria used during the 

second 6 months together with bimonthly evaluations may 

help reduce treatment costs, but further studies with this 

treatment regimen are needed.
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