
© 2014 Maturi et al. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution – Non Commercial (unported, v3.0)  
License. The full terms of the License are available at http://creativecommons.org/licenses/by-nc/3.0/. Non-commercial uses of the work are permitted without any further 

permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on 
how to request permission may be found at: http://www.dovepress.com/permissions.php

Clinical Ophthalmology 2014:8 1057–1064

Clinical Ophthalmology Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
1057

O r i g i n a l  r e s e a r C h

open access to scientific and medical research

Open access Full Text article

http://dx.doi.org/10.2147/OPTH.S60159

Journal name: Clinical Ophthalmology
Journal Designation: Original Research
Year: 2014
Volume: 8
Running head verso: Maturi et al
Running head recto: Dexamethasone/bevacizumab for treatment of macular edema
DOI: http://dx.doi.org/10.2147/OPTH.S60159

a 6-month, subject-masked, randomized 
controlled study to assess efficacy of 
dexamethasone as an adjunct to bevacizumab 
compared with bevacizumab alone in the 
treatment of patients with macular edema  
due to central or branch retinal vein occlusion

raj K Maturi1,2

Vincent Chen3

Dan raghinaru3

laurie Bleau1

Michael W stewart4

1Midwest eye institute, indianapolis, 
in, Usa; 2Department of 
Ophthalmology, indiana University 
school of Medicine, indianapolis, 
in, Usa; 3Jaeb Center for health 
research, Tampa, Fl, Usa; 
4Department of Ophthalmology, Mayo 
Clinic, Jacksonville, Fl, Usa

Aims: To determine if intravitreal bevacizumab combined with the dexamethasone  intravitreal 

implant 0.7 mg improves visual acuity and macular thickness more than bevacizumab 

 monotherapy in eyes with macular edema due to branch and central retinal vein occlusions.

Methods: Thirty eyes were randomly assigned to receive either combination therapy or 

 bevacizumab monotherapy. All patients received intravitreal bevacizumab at baseline, followed 

by dexamethasone implants or sham injections 1 week later. Monthly bevacizumab injections 

were given if the central subfield thickness (CST) was 250 μm, and the combined group 

received a second implant at month 4 or 5 if CST was 250 μm.

Results: At 6 months, several secondary endpoints were met. Patients receiving combined 

therapy required fewer bevacizumab reinjections compared to those receiving monotherapy 

(two versus three; P=0.02), experienced greater mean reductions in CST from randomiza-

tion (−56 μm versus +45 μm; P=0.01), and were more likely to have resolved all edema  

(CST 250 μm) (7/11 versus 2/14; P=0.02). The primary endpoint was not met since mean 

visual acuity changes from baseline were similar in the two groups (P=0.75).

Conclusion: In patients with macular edema due to vein occlusions, bevacizumab with 

dexamethasone implants produces greater improvements in macular thickness compared to 

bevacizumab monotherapy, despite fewer bevacizumab injections.

Keywords: dexamethasone implant, central retinal vein occlusion, branch retinal vein  occlusion, 

vascular endothelial growth factor

Introduction
Branch (BRVO) and central (CRVO) retinal vein occlusions (RVOs) are the  

second most common retinal vascular disorders, occurring in 0.6%–1.1% and  

0.1%–0.4% of patients in Australian and American populations, respectively.1,2  

Decreased blood flow through the retinal vasculature results in tissue ischemia, 

upregulates vascular endothelial growth factor (VEGF), breaks down the blood–retinal 

barrier, and causes vision loss primarily because of macular edema.3,4 Grid-pattern 

laser photocoagulation improves edema and modestly increases vision in patients with 

BRVO,5 but is ineffective for patients with CRVO.6

Intraocular therapy with drugs that block the function of VEGF significantly 

resolves edema and improves vision compared to standard care.7–10 Impressive 
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results from the pivotal Phase III registration trials led to 

the approval of ranibizumab7,8 and aflibercept9,10 for the 

treatment of macular edema due to CRVO and ranibizumab 

for BRVO.11 Compared to ranibizumab and aflibercept, 

bevacizumab is generally more available, less expensive, and 

produces comparable gains in vision, but level I evidence for 

the treatment of RVOs is not available.12

Monthly intravitreal injections of anti-VEGF drugs 

dramatically improve vision, but when patients are treated 

pro re nata, macular edema increases and visual acuity 

(VA) decreases.8,13,14 Therefore, to maintain visual and ana-

tomic gains achieved during the first 6 months of intensive 

therapy, patients may need to be examined and injected 

monthly,8,13,14 an intensive regimen that becomes unsustain-

able for many patients and physicians.

Macular edema due to vein occlusions is exquisitely  

sensitive to ranibizumab and aflibercept because of 

the highly elevated VEGF concentrations within the 

 vitreous.15  However, VEGF is not the only upregulated 

inflammatory mediator in these eyes, as interleukin (IL)-1β, 

IL-2, IL-5, IL-8, IL-9, IL-10, IL-12, IL-13, eotaxin, granulo-

cyte colony stimulating factor, interferon-inducible 10 kDa 

protein, monocyte chemotactic protein-1, and interferon-γ 

are all overexpressed in eyes with CRVOs.16 The intraocular 

presence of several inflammatory mediators suggests 

that broad-based anti-inflammatory treatment with 

 cortic o steroids, as opposed to the focused VEGF binding 

action of ranibizumab and aflibercept, might be advantageous 

for some patients.16 The dexamethasone implant 0.7 mg 

(DEX) is superior to laser photocoagulation and observa-

tion for the treatment of macular edema due to BRVO and 

CRVO.17 Following intravitreal insertion of the implant, VA 

peaks at 3 months, but then decreases in tandem with falling 

intraocular drug concentrations.18 Combining the dexam-

ethasone implant’s extended duration of action with the 

dramatic improvements in VA achievable with anti-VEGF 

injections may lead to greater improvements in vision, with 

fewer injections and office visits and a lower total cost.

Herein we report the results of a 6-month pilot study that 

explored the effects of combined anti-VEGF (bevacizumab) 

and corticosteroid (dexamethasone implant) therapy on eyes 

with macular edema due to BRVO and CRVO, and compared 

them to bevacizumab monotherapy.

Methods
This prospective, institutional, single-masked, randomized 

trial was approved by the institutional review board Quorum 

International. Each subject provided written informed con-

sent before enrollment.

From March 18, 2010, to March 15, 2011, 30 subjects 

were enrolled in the study. Eligible patients had macular 

edema of less than 1 year’s duration due to BRVO or 

CRVO, with central subfield thickness (CST) 250 μm as 

measured by time-domain optical coherence  tomography 

(Stratus®; Carl Zeiss Meditec, Inc, Dublin, CA, USA). 

Best corrected VA scores at baseline were 24 and 80  

Early Treatment Diabetic Retinopathy Study (ETDRS) letters. 

Exclusion criteria included evidence of other retinal or retinal 

pigment epithelial abnormalities, a previous vitrectomy, 

preexisting glaucoma, and the injection of an intravitreal 

anti-VEGF drug in the study eye within the previous 6 weeks 

or a corticosteroid within the previous 8 weeks. The amount 

of retinal ischemia was not an exclusionary factor.

Subjects in this cohort were randomly assigned 1:1 to 

one of two study groups. The monotherapy group (15 eyes) 

received intravitreal bevacizumab (Avastin®; Genentech, 

South San Francisco, CA, USA/Roche, Basel,  Switzerland)  

1.25 mg at baseline followed by a sham dexamethasone 

implant (Ozurdex®; Allergan, Irvine, CA, USA) injection at 

the time of randomization 1 week later. Additional bevaci-

zumab injections were given at monthly intervals when the 

CST measured 250 μm.

The combination therapy group (15 eyes) received 

 intravitreal bevacizumab 1.25 mg at baseline followed by 

an intravitreal DEX injection at the time of randomiza-

tion 1 week later. Bevacizumab injections were repeated 

monthly when the CST measured 250 μm. Reinjections 

of DEX or sham DEX (in the monotherapy group) were 

performed at month 4 or month 5 (1 week after the repeat 

bevacizumab injection) if the CST measured 250 μm.

At each visit, best corrected ETDRS VAs were measured, 

and slit lamp examinations, intraocular pressure measure-

ments, fundus examinations, and time-domain optical coher-

ence tomography were performed. Fluorescein angiography 

was performed at baseline and at month 6.

study endpoints
The primary endpoint was improvement in VA in the 

combination group compared to the bevacizumab group 

at 6 months. Secondary endpoints included the mean changes 

in CST, the proportions of eyes with CST 250 μm, and the 

number of bevacizumab injections required by each group.

statistical analysis
Important baseline features of the cohort were characterized 

by descriptive statistics. Analysis of covariance (ANCOVA) 

models were constructed for important study endpoints (VA 

and CST) at 6 months, adjusting for randomization values.  
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To  compare the number of bevacizumab injections, an 

ANCOVA model examined the treatment effect, with CST 

(at randomization) as a covariate adjustment. Survival 

analyses were conducted on time to first bevacizumab 

retreatment and time to 15-letter improvement in VA. 

Kaplan–Meier survival curves were used to compare the 

two conditions.

Results
Baseline characteristics
Fifteen eyes had CRVOs and 15 eyes had BRVOs. The 

numbers of patients with BRVO and CRVO did not dif-

fer significantly between the two treatment groups. The  

mean (± standard deviation) VA scores in the monotherapy  

and combined groups at enrollment were 60±14 and 57±13  

letters, which improved to 65±13 and 66±9 letters at random-

ization (P=0.75); the mean CST measurements were 436 μm 

and 412 μm at enrollment, and 284 μm and 282 μm at ran-

domization (P=0.90).

Of the 15 eyes assigned to each treatment group, eleven 

of 15 in the combination therapy group and 14 of 15 in the 

monotherapy group completed the 6-month study. Among 

those examined at the 6-month visit, ten of eleven in the 

combined group and 13 of 14 in the monotherapy group 

completed all monthly visits, and one participant in each 

group missed one monthly visit. Of the patients lost to 

follow-up, patients in the combined group last completed 

visits at 1, 3, 4, and 4 months, and the monotherapy patient 

died due to a recurrence of esophageal carcinoma after 

completing the 4-month visit. Four patients in the combina-

tion therapy group withdrew from the study, one because of 

intolerable pain associated with the dexamethasone injection, 

two due to poor systemic health (one due to complications 

after cholecystectomy, one due to generalized malaise), 

and one could not be reached for follow-up examinations. 

Supplemental analysis indicates that the dropout group had 

similar baseline characteristics and responded similarly to 

patients who completed the trial.

Baseline characteristics of the two treatment groups are 

shown in Table 1.

Treatments
The median time to the first bevacizumab retreatment was 

longer in the combined group than in the monotherapy 

group (3 months versus 1 month; P=0.003) (Figure 1). 

Among subjects completing the study (Table 2), the median 

number of bevacizumab reinjections, adjusted for CST at 

randomization, was two in the combination therapy group 

and three in the monotherapy group (P=0.02). The mean total 

number of injections (bevacizumab + DEX) was 2.9 in the 

 combination therapy group and 2.7 in the monotherapy group.  

Three subjects in the combination therapy group and zero in 

the monotherapy group required no additional injections of 

bevacizumab after that performed at enrollment. A second 

DEX injection was given at month 4 or 5 in seven subjects 

in the combination therapy group.

effect of treatment on Va and CsT
VA improvements in the two groups followed similar 

patterns during the 6 months (Figure 2). Among subjects 

that completed the study, the mean change in VA from 

randomization to 6 months was 0.1±13.3 letters in the 

combination therapy group compared with 2.3±7.7 in the 

monotherapy group (P=0.75, adjusted for VA at random-

ization) (Table 3). Only three eyes (two in the combination 

group [18%], one in the monotherapy group [7%]) improved 

by 15 letters.

Following the initial bevacizumab injections given 

to all subjects, the CST rapidly decreased by a mean  

of −184±176 μm by the time of randomization (P0.001) 

(Figure 3). From randomization through 6 months, the 

mean CST decreased by −55.6±39.7 μm in the combina-

tion therapy group and increased by +45.4±100.1 μm in the 

monotherapy group (P=0.01, adjusted for CST at random-

ization) (Table 3 and Figure 3). Among subjects complet-

ing the 6-month visit, seven of eleven in the combination 

therapy group and two of 14 in the monotherapy group had 

CST 250 μm and changes from randomization of 25 μm 

(P=0.02). Improvements in VA and CST were similar among 

patients with BRVO and CRVO.

safety
No serious safety concerns emerged in the study. One subject 

in the combination therapy group underwent cataract surgery 

and one in each treatment group experienced increased 

intraocular pressure (21 mmHg). Both of these subjects 

responded well to topical pressure-lowering medications and 

neither developed glaucomatous changes.

Discussion
The Standard Care vs Corticosteroid for Retinal Vein 

Occlusion (SCORE)19 and Global Evaluation of implantable 

dexamethasone in retinal vein occlusion with macular edema 

(GENEVA)17 trials  demonstrated that intravitreal corticos-

teroids effectively resolve macular edema due to RVOs and 

improve VA by +11 to +12  letters compared to controls. 

Few studies have compared corticosteroids directly with 
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Table 1 enrollment and randomization characteristics of study participants

Initial characteristics Bevacizumab plus 
dexamethasone group  
N=15

Bevacizumab 
monotherapy group 
N=15

P-value

age in years, mean ± sD 69±19 67±13 0.79
race, n

White
african–american

15
0

14
1

0.99

sex, n
Male
Female

8
7

10
5

0.71

Type 2 diabetes, n 4 2 0.65
Type of vein occlusion, n

CrVO
BrVO

6
9

9
6

0.47

lens status, n
Phakic
PC iOl

9
6

9
6

0.99

Mean enrollment BCVa in letters, mean ± sD 57±13 60±14 0.67
letter score (snellen), number of eyes

63–79 (20/25–20/50)
48–62 (20/63–20/100)
25–47 (20/125–20/320)

6
6
3

6
7
2

0.87

enrollment OCT, median (25th, 75th percentile)
Central subfield thickness, μm 412 (354, 606) 436 (373, 579) 0.68

randomization OCT, median (25th, 75th percentile)
Central subfield thickness, μm 282 (261, 319) 284 (260, 350)

0.98

Previous number of treatments, n
Focal laser
0
1
2
Bevacizumab injections
0
1
2
3
4
intravitreal triamcinolone injections
0
1
intravitreal dexamethasone injections
0
1
2

13
1
1

10
2
1
1
1

14
1

15
0
0

15
0
0

11
1
1
1
1

14
1

14
0
1

0.34

0.99

0.99

Duration of rVO in years, mean ± sD 0.4±0.4 0.3±0.3 0.57

Abbreviations: BrVO, branch retinal vein occlusion; CrVO, central retinal vein occlusion; OCT, optical coherence tomography; rVO, retinal vein occlusion; sD, standard 
deviation; BCVa, best corrected visual acuity; PC iOl, posterior chamber intraocular lens; n, number.

 anti-VEGF drugs, but in a 6-month  prospective trial, compa-

rable improvements in VA and  macular edema were achieved 

with either DEX or  bevacizumab, despite significantly fewer 

DEX injections.20 The long intravitreal half-life of triamcino-

lone (18 days)21 and the prolonged structural integrity of the 

 biodegradable dexamethasone implant18 result in therapeutic 

responses that last 3–6 months after single injections. This 

 sustained duration of action may be a therapeutic  advantage 

since the Central Retinal Vein Occlusion Study: Evaluation 

of Efficacy and Safety (CRUISE)/HORIZON study;8 VEGF 

Trap-Eye Investigation of Efficacy and Safety in Central 

Retinal Vein Occlusion study (COPERNICUS);13 and 

 GALILEO14  trials showed that, despite 6 months of regular 

anti-VEGF injections, decreasing surveillance frequency 

coupled with pro re nata drug administration resulted in 

increasing edema and decreasing vision.
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Figure 1 survival probability graph showing the lengths of time in which eyes in 
the bevacizumab monotherapy and combined groups remained without requiring 
retreatments.

Table 2 number of bevacizumab reinjections in subjects who completed the study

Number of additional 
bevacizumab injections

Treatment group

Bevacizumab plus dexamethasone 
group, number of eyes (%)

Bevacizumab monotherapy group, 
number of eyes (%)

0 3 (27) 0 (0)
1 2 (18) 3 (21)
2 2 (18) 3 (21)
3 2 (18) 3 (21)
4 0 (0) 2 (14)
5 2 (18) 3 (21)
Total 11 (100) 14 (100)

Corticosteroids have significant anti-inflammatory 

actions that may incrementally benefit anti-VEGF blockade 

for the treatment of edema due to RVOs. The combined 

therapy group experienced less variability in macular thick-

ness throughout the study and significantly less edema  

at the 6-month endpoint, which we believe was due to 

both the extended duration of action of the DEX implant 

and the potency of combination therapy. Long-term visual  

function in eyes with RVOs partly depends upon the dura-

tion and severity of retinal ischemia, factors over which 

we have no control. Correlation between macular thin-

ning and VA improvements in exudative maculopathies 

is frequently low,22 and the findings from this trial are 

no exception. The long-term consequences of thicker 

maculas are unclear, but increasing edema after 6 months 

in the CRUISE/HORIZON,8 COPERNICUS,13 and 

 GALILEO14  trials resulted in decreasing VA. We believe 

that less macular edema leads to better long-term vision, and 

future combination therapy trials should extend to 2 years to 

better explore this relationship.

In a related prospective RVO study without a control 

group, patients receiving dexamethasone implants 2 weeks 

after bevacizumab injections improved by an additional +5.7  

letters at 6 months.23 The mean time to first retreatment 

was 129 days, and 18% of eyes required no further injections. 

This additional improvement in VA suggests that the baseline 

characteristics of patients from this trial and ours differed. 

Injecting dexamethasone implants into eyes with recalcitrant 

macular edema, despite frequent anti-VEGF injections, may 

be beneficial. In a small retrospective series with 34 eyes, 

average VA and macular thickness improved after DEX injec-

tions by 0.26 logMAR and −146.8 μm after failing to improve 

with two previous bevacizumab injections.24

The less favorable safety profiles associated with 

intraocular corticosteroid therapy have tempered the suc-

cesses reported in the SCORE19 and GENEVA17 trials. 

Intravitreal injections of triamcinolone are associated with 

a dose- dependent (20% with 1 mg dose; 40% with 4 mg 

dose)  incidence of elevated intraocular pressure. In the 

 Fluocinolone Acetonide in Human Aqueous (FAMOUS) 

Study, aqueous concentrations of fluocinolone acetonide 

were five times higher in patients receiving the high-dose 

implant (6 μg/day) compared to those receiving the lower-

dose implant (2 μg/day), and the rates of glaucoma filtration 

surgery at 1 year were nine times higher.25 The dexamethasone 

implant provides therapeutic drug concentrations with a low 

sustained release rate resulting in 12.6% and 15.4% inci-

dences of intraocular pressure elevation after the first and  

second treatments.17 Singer et al reported an 18% incidence 

of elevated intraocular pressure, with one patient (3%) requir-

ing a selective laser trabeculoplasty.23 In our study, only one 

patient in each treatment group (combination  therapy: 9%; 

monotherapy: 7%) required pressure-lowering medications 

and neither developed glaucomatous damage. This compares 

relatively  favorably with the reported incidences of  pressure 

elevation due to ranibizumab (3%) and bevacizumab (10%).26  
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Figure 2 Mean BCVas in the BeV monotherapy and BeV/DeX combined groups from enrollment through 6 months.
Abbreviations: BCVa, best corrected visual acuity; BeV, bevacizumab; DeX, dexamethasone implant 0.7 mg.

Table 3 Visual acuity and OCT outcomes among 6-month completers

Patient characteristic Bevacizumab plus  
dexamethasone  
group N=11

Bevacizumab  
monotherapy  
group N=14

Best corrected visual acuity in letters, mean ± sD
at enrollment
at randomization
at 6 months
Δ (randomization to 6 months)

62±10
68±9
68±12
+0.1±13.3

59±14
65±13
68±13
+2.3±7.7

Distribution of change, n
15-letter improvement
10- to 14-letter improvement
5- to 9-letter improvement
Unchanged ±4 letters
5–9 letters worse
10–14 letters worse
15 letters worse

2
1
1
4
2
0
1

1
2
1
8
2
0
0

OCT central subfield thickness (μm), mean ± sD
at enrollment
at randomization
at 6 months
Δ (randomization to 6 months) 
at 6 months, number of eyes 250 μm with Δ 25 μm 
from randomization

427±103
320±72
264±77

−56±40
7

513±231
287±49
333±95

+45±100
2

Abbrevations: OCT, optical coherence tomography; sD, standard deviation; n, number.

After 1 year of dexamethasone treatment in the GENEVA 

trial, cataracts progressed in 29.8% of patients, but only 1.3% 

underwent cataract surgery.17 Only one (6.7%) of our patients 

receiving DEX underwent cataract surgery, but the glaucoma 

and cataract incidences in our trial may appear low because 

our follow-up was only 6 months.

Five of the 30 enrolled eyes did not complete the full 

study, but four completed at least 3 months of follow-up. 

Baseline and follow-up data from these patients suggests 

that incomplete follow-up was not the source of any 

meaningful bias. Injection of the larger bore (22-gauge) 

dexa methasone implant is more uncomfortable than anti-

VEGF injections, but highly motivated patients tolerate 

DEX injections quite well for 1 year, as evidenced by 

the 95% retention rate in the large GENEVA trial.17 Fur-

thermore, the manufacturer has recently redesigned the 

needle tip, making implantation easier and less painful. 

Since the high dropout rate in our study was mostly due 

to patients with advanced systemic illnesses (three of 

five patients), future trials should tighten the exclusion 

criteria to  prevent the enrollment of patients who would 

be unlikely to complete the trial.
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Figure 3 Mean spectral-domain OCT-measured CsTs within the BeV monotherapy and BeV/DeX combined groups from enrollment through 6 months.
Abbreviations: BeV, bevacizumab; CST, central subfield thickness; DEX, dexamethasone implant 0.7 mg; OCT, optical coherence tomography.

Our study demonstrates that combining bevacizumab 

with the dexamethasone implant decreases the median 

number of required anti-VEGF injections over a 6 month 

period. The total numbers of injections (bevacizumab + dexa-

methasone [mean: 2.9] versus bevacizumab [mean: 2.7]) are 

similar between the two treatment arms, but we believe that 

longer-duration studies would better define the total injection 

load (bevacizumab + dexamethasone) needed to produce an 

optimal treatment response. Unfortunately, this study failed 

to meet its primary endpoint since combination therapy failed 

to improve VA more than anti-VEGF monotherapy. Our 

findings do not support the notion that combination therapy 

produces superior gains in vision over monotherapy.

Like all pilot studies, ours has several weaknesses. 

 Enrollment in the trial was small, and retention in the combi-

nation therapy group was disappointingly low. The 6-month 

primary endpoint, similar to that used in the pivotal RVO 

trials,7–11 may have been too short a time for best assessing 

the efficacy and safety of combination therapy. There were 

nonsignificant differences in the numbers of BRVO and 

CRVO patients in the two treatment groups. Though the 

monotherapy group, which had more CRVO patients, had 

lower average VA and higher average CST at enrollment, 

the VA and CST in the two treatment groups were nearly 

identical at the time of randomization. Furthermore, Phase III 

registration trials7,9–11 with ranibizumab and aflibercept show 

that 6-month VA improvements are nearly identical in BRVO 

and CRVO patients. Though level I evidence supports the use 

of both ranibizumab and aflibercept for RVOs, robust data 

 supporting the use of bevacizumab is not yet available.27–29  

Future RVO trials need to perform head-to-head comparisons 

between bevacizumab, ranibizumab, and aflibercept.

Conclusion
This pilot trial suggests that, compared to bevacizumab 

 monotherapy, combining bevacizumab with the dexametha-

sone implant leads to more rapid improvements in vision and 

CST in patients with macular edema due to RVOs, while requir-

ing fewer bevacizumab injections. For patients who are already 

pseudophakic and who are not steroid responders, adding DEX 

to a regimen of bevacizumab injections is unlikely to signifi-

cantly increase the risk of complications, and for those patients 

who are unable to visit physicians’ offices monthly, less fre-

quent treatments with combination therapy may be a palatable 

alternative to the more frequently administered  bevacizumab 

monotherapy. We look forward to future trials that will better 

define the role of this approach in clinical practice.
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