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INTRODUCTION 

Diabetic retinopathy remains the leading cause of blind-
ness in the developed world for ages 20 through 74
years (1) and retinal neovascularization represents an
important risk factor for severe visual loss in diabet-
ic patients (2, 3).
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PURPOSE. To evaluate the additional therapeutic effect of single intravitreal bevacizumab injec-
tion on standard laser treatment in the management of proliferative diabetic retinopathy.
METHODS. A prospective, fellow-eye sham controlled clinical trial was conducted on 80 eyes of
40 high-risk characteristic proliferative diabetic retinopathy type II diabetics. All cases received
standard laser treatment according to Early Treatment Diabetic Retinopathy Study protocol. Avastin-
assigned eyes received 1.25 mg intravitreal bevacizumab (Genentech Inc., San Francisco, CA)
on the first session of their laser treatments. Fluorescein angiography was performed at base-
line and at weeks 6 and 16, and proliferative diabetic retinopathy regression was evaluated in a
masked fashion.
RESULTS. The median age was 52 years (range: 39–68) and 30% of the participants were male.
All patients were followed for 16 weeks. A total of 87.5% of Avastin-injected eyes and 25% of
sham group showed complete regression at week 6 of follow-up (p<0.005). However, at week
16, PDR recurred in a sizable number of the Avastin-treated eyes, and the complete regression
rate in the two groups became identical (25%; p=1.000); partial regression rates were 70% vs
65%. In the subgroup of Avastin-treated eyes, multivariate analysis identified hemoglobin A1c
as the strongest predictor of proliferative diabetic retinopathy recurrence (p=0.033).
CONCLUSIONS. Intravitreal bevacizumab remarkably augmented the short-term response to scat-
ter panretinal laser photocoagulation in high-risk characteristic proliferative diabetic retinopa-
thy but the effect was short-lived, as many of the eyes showed rapid recurrence. Alternative dos-
ing (multiple and/or periodic intravitreal Avastin injections) is recommended for further evalua-
tion. (Eur J Ophthalmol 2008; 18: 263-9)
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The ischemic retina produces a new vessel-stimulat-
ing factor called vascular endothelial growth factor
(VEGF) (2, 4, 5) whose ocular level is tightly correlat-
ed with both the growth and permeability of new ves-
sels (2). Introduction of VEGF into normal primate eyes
induces the same pathologic process seen in diabetic
retinopathy (6, 7) and blockage of VEGF has been as-
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sociated with suppression of retinal new vessel for-
mation (8, 9). These findings provide the rationale for
anti-VEGF therapy in retinal vascular diseases asso-
ciated with new vessel formation (10) such as dia-
betic retinopathy. Several clinical trials are currently
evaluating the role of anti-VEGF agents for the treat-
ment of ocular disease associated with choroidal and/or
retinal neovascularization and exudative processes.
Intravitreal injection of pegaptanib gained Food and
Drug Administration approval for the treatment of neo-
vascular age-related macular degeneration in 2004
(11), and it has shown encouraging results for the treat-
ment of diabetic retinopathy (10, 12). Intravitreal Avastin
(13-18) and Lucentis (19-21) have also been evaluat-
ed in several case series of proliferative diabetic retinopa-
thy or diabetic macular edema and some beneficial
effects were observed and further studies were rec-
ommended.
Severe central vision loss due to proliferative diabetic
retinopathy (PDR) can be prevented by panretinal laser
photocoagulation (PRP) in 50 to 60% of cases (22).
In different studies based on a variety of defining cri-
teria for regression of PDR and follow-up periods of
1, 3, or 6 months, retinal neovascularization showed
regression in 38%, 59%, and 77% of patients (23-25).
It is noteworthy that many of these cases may require
additional laser treatment and 4.5% of them need pars
plana vitrectomy (26).
The purpose of the current study was to evaluate the
additional therapeutic effect of a single intravitreal in-
jection of bevacizumab (Avastin; Genentech Inc., San
Francisco, CA) on standard laser treatment in high-
risk characteristic (HRC) PDR patients in terms of re-
gression of retinal neovascularization. We also assessed
the role of systemic factors in stability of PDR regression. 

METHODS

Patients and examinations

The study was a fellow-eye controlled clinical trial.
Eighty eyes of 40 bilateral HRC-PDR type II diabet-
ics were included from December 2005 to Septem-
ber 2006. High-risk characteristics identified by Dia-
betic Retinopathy Study (DRS) criteria: neovascular-
ization of the disc greater than or equal to one-forth
to one-third disc area, any amount of disc neovas-

cularization with vitreous or preretinal hemorrhage,
or neovascularization elsewhere greater than or equal
to one-half disc area with preretinal or vitreous hem-
orrhage (with or without macular edema). Fellow eyes
of each case were randomly assigned to receive Avastin
or sham. Patients with uncontrolled hypertension, re-
cent (in the past 6 months) myocardial infarction or
cerebrovascular accident, uncontrolled glaucoma, a
history of any kind of retinal photocoagulation, or a
diagnosis of tractional retinal detachment were ex-
cluded.
Comprehensive ocular examination with intraocular
pressure measurement was performed at baseline. Blood
pressure was monitored by the study observers. He-
moglobin A1c (HbA1c) and lipid profile were tested
at baseline and at the last follow-up; averages were
used in statistical analyses. Fluorescein angiography
was performed at baseline and at weeks 6 and 16
post-intervention.

Intervention and follow-up

All cases received standard laser treatment (accord-
ing to Early Treatment Diabetic Retinopathy Study pro-
tocol), i.e., PRP (1200–1500 spots, 200 ms duration,
½ spot size apart) and focal or grid macular photo-
coagulation for clinically significant macular edema
(CSME). 
Avastin-assigned eyes, which were selected randomly,
received 1.25 mg (0.05 cc) bevacizumab (Genentech
Inc.) on the first session of their laser treatment (fol-
lowing laser therapy). PRP was completed in three
sessions, 1 week apart.
Bevacizumab is commercially available in 100-mg vials
as a 25 mg/mL solution. Using an aseptic technique
under a laminar flow hood, a compound pharmacist
aliquoted 0.12 mL of the solution into multiple 1-mL
polypropylene tuberculin syringes. The syringes were
labeled and stored in a refrigerator at 6° C until used
for injection; all were used within a week.
The injection was performed in the operating room
and under topical anesthesia observing sterile con-
ditions. First we did an anterior chamber paracente-
sis and then intravitreal injection was carried out through
supratemporal pars plana. Fellow eye injection was
mimicked with a needleless syringe. The patients were
examined on the first day, at weeks 1, 2, 3, and 6,
and then monthly thereafter; anterior chamber reac-
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tion and/or intraocular pressure were specifically mon-
itored and complications of cataract formation and
vitreous hemorrhage were looked for. All patients were
followed for at least 4 months; additional PRP was
performed in case.

Statistical analysis

The main outcome measure of regression response
was defined angiographically as follows: complete,
defined as no leakage at minute 2 image; partial, de-
fined as a decrease of leakage at minute 2 image in
comparison with its baseline counterpart; and no re-
sponse. This assessment was carried out by two in-
dependent masked observers; in case of conflict it
was resolved through discussion. Fellow (Avastin- and
sham-treated) eyes responses at week 6 and 16 fol-
low-up were compared by McNemar test in a dichotomous
fashion, i.e.; complete response vs partial or no re-
sponse. The second main outcome measure—recur-
rence of PDR—was defined as deterioration from com-
plete regression to partial/no regression status, or par-
tial regression to no regression status from week 6
follow-up to week 16 follow-up.
Student t test was used to evaluate the association
between the recurrence of PDR and age or HbA1c
levels. Chi square test was used to assess the rela-
tionship of gender, hypertension, and hyperlipidemia
with recurrence of PDR. When relevant, relative risks
were calculated. Logistic regression was applied to
control the interactions of the variables where the uni-
variate analysis showed a significance lower than 0.2.
The study was conducted in conformance with the
principles of Helsinki Declaration, and the institutional
ethics committee approved the study protocol. Writ-
ten informed consent was obtained from all partici-

pants before enrollment into the study.
Visual acuity data and optical coherence tomog-
raphy findings of 26 cases with CSME (for which
they underwent macular photocoagulation) are not
presented as they were not directly related to the
study aim.

RESULTS

The median age was 52 years (range: 39–68); 12 (30%)
of the participants were male. Baseline mean HbA1c
was 8.4%. Hypertension and hyperlipidemia were found
in 42.5% and 47.5% of patients, respectively.
The treatment procedure was well tolerated; no clin-
ical evidence of post injection uveitis, endophthalmitis,
hemorrhage, and/or change in lens status was ob-
served in follow-ups. No arterial embolic event was
noted. Mean intraocular pressure readings at pre-
operative, week 1, 6, and 16 visits were compa-
rable (Avastin vs sham and pre vs post-injection),
and all were within the normal range (14.5–14.8
mmHg).
At week 6, 87.5% of the Avastin-injected eyes and
25% of the sham group showed complete regression
on angiography (p<0.005). At week 16 this figure was
25% for both groups; 10 subjects had complete re-
gression bilaterally, and no single eye in the remain-
ing 30 participants maintained complete regression
(p=1.000) (Tab. I). The recurrence of PDR at week 16
(following regression) is illustrated in Figure 1.
In the subgroup of Avastin-treated cases, recurrence
of PDR in univariate analysis was associated with hy-
pertension, female gender, and higher HbA1c levels,
but in logistic regression analysis, only HbA1c main-
tained a significant relationship (Tab. II).

TABLE I - RESPONSE TO PANRETINAL PHOTOCOAGULATION IN AVASTIN AND SHAM GROUPS 

Groups Week 6 follow-up Week 16 follow-up

Complete Partial None Complete Partial None
regression regression regression regression

Avastin (n=40) 35 (87.5) 5 (12.5) 0 10 (25) 28 (70) 2 (5)
Sham (n=40) 10 (25) 26 (65) 4 (10) 10 (25) 26 (65) 4 (10)

Values are n (%). McNemar p values were <0.005 and 1.000 for week 6 and 16 follow-ups, respectively; responses were compared dichotomously,
i.e., complete regression vs partial regression or no response.
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DISCUSSION

Bevacizumab’s additional benefit in inducing regres-
sion in the early follow-up (week 6) was impressive
as all patients experienced regression (12.5% partial
and 87.5% complete regression). However, at week
16, regression response in the two groups was es-
sentially identical (25% complete and 70% partial re-
gression for Avastin group, and 25% and 65% for PRP-
only group) (Tab. I). These findings reveal a temporal
correlation between drug injection and decrease in
active leakage from new vessels. This is compatible

with the previous reports of regression of retinal neo-
vascularization following anti-VEGF therapy in experimental
and human studies (6, 7, 10), but as mentioned, the
response was not sustained. 
Recurrence of PDR does not seem to be related to
the applied type of anti-VEGF. A variety of anti-VEGF
inhibitors, namely pegaptanib (10, 12), ranibizumab
(19-21, 27), and bevacizumab (13-18), have been used
in the management of ocular conditions associated
with neovascularization and have been shown to sig-
nificantly suppress choroidal or retinal endothelial cell
proliferation. However, with the currently established

Fig. 1 - Recurrence of
proliferative diabetic
retinopathy in retinal
fluorescein angiogra-
phy images of fellow
eyes in two subjects.
Right eyes (A-C) belong
to panretinal laser pho-
tocoagu la t i on–on l y
group and generally did
not show regression.
Left eyes showed com-
plete (upper, B) or par-
tial (lower, D) regression
at week 6 follow-up
(from left baseline
images to middle week
6 images) only to expe-
rience recurrence at
week 16 (right column
images).

A

B

C

D
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doses, none was found to have superior efficacy over
the others (28).
The dose cannot explain PDR recurrence either, as
we observed an impressive regression response ini-
tially. It was demonstrated that a 25 µg dose of be-
vacizumab has a terminal half-life of 4.32 (29) to 5.6
(30) days in the rabbit vitreous cavity after injection.
The human vitreous cavity volume is three times greater
than that of a rabbit (13), therefore, a dosage of 400
µg for a rabbit eye could be considered equivalent to
the current study’s dose of 1250 µg for the human vit-
reous. Following a period of 6 weeks, about 1/200 (2
µg) of the initial dose is expected to remain in the rab-
bit vitreous cavity. Avery et al have shown that reti-
nal neovascularization in diabetics responds to very
low doses of bevacizumab (6.2 µg) injected into the
eye (14). So the early regression response observed
at week 6 in this study occurs well beyond the half-
life of the agent and/or its minimum effective dose.
Diabetes is a dynamic metabolic state, and the incit-
ing factors in the pathogenesis of retinopathy and new
vessel formation are not eliminated following our in-
terventions. The relevance of this argument is sub-
stantiated by the observation that poorer systemic di-
abetes control, i.e. worse HbA1c levels (Tab. II), was
highly correlated with the recurrence of PDR. So, con-
tinued stimulation for new vessel formation should
cause recurrence. The role of systemic factors in con-
trolling PDR and the stability of the response to PRP
has been proven (31).
It may be argued that, since the severity of high-risk
PDR was not quantified, the two eyes of an individ-
ual patient may not have had the same degree of PDR
severity, and so the groups may not have been com-

parable. However, HRC-PDR in itself is a fairly uni-
form clinical status in the wide spectrum of diabetic
retinopathy; fellow eye pair matching of the study sam-
ple and randomization of the fellow eyes for the in-
tervention are the standard approaches to ensure com-
parability. Additionally, the eyes’ regression re-
sponses were determined in comparison to their base-
line states (and not in comparison to fellow eye, which
might not have an identical HRC-PDR state).
Our study highlights the importance of the applica-
tion of a comprehensive approach in managing dia-
betic retinopathy, i.e., tight systemic control along with
conventional laser therapy. Anti-VEGF therapy, although
it is yet in its infancy, is expected to revolutionize the
management of retinal vascular diseases including di-
abetic retinopathy, should improve our clinical goals
and targets substantially, and assume a significant
role in the comprehensive approach mentioned. De-
sign and implementation of a variety of anti-VEGF dos-
ing (multiple and/or periodic injections) and delivery
(including sustained release) are worthy of further in-
vestigation. Even preemptive (for non-HRC-PDR) or
prophylactic (for non-PDR) anti-VEGF injections
could be contemplated. Intravitreal anti-VEGF injec-
tions for patients with hazy media (vitreous hemor-
rhage) may halt the retinopathy progression, clear the
media sooner (15), and/or facilitate vitrectomy. This
approach may also be a good temporizing alternative
for debilitated cases who cannot tolerate PRP and/or
vitrectomy.
In conclusion, single intravitreal bevacizumab injec-
tion can strikingly augment the effect of standard laser
treatment in HRC-PDR, but the response is short-lived.
Return to baseline response is dependent on systemic

TABLE II - DETERMINANTS OF PROLIFERATIVE DIABETIC RETINOPATHY RECURRENCE IN THE AVASTIN SUB-
GROUP

Univariate analysis Significance in logistic
regression

Magnitude p value

Age Recurred group: 4.5 years older 0.09 0.066
Gender Females: 5.1 times more at risk 0.03 0.112
Hypertension Hypertensive cases: 6.9 times more at risk 0.02 0.160
Hemoglobin A1c 1.5% higher for the recurred group 0.004 0.033
Hyperlipidemia No more risk 1.0 Not applicable
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factors; most importantly HbA1c levels. The effects
of Avastin may be different between cases of tightly
controlled diabetes and poorly controlled ones. Al-
ternative dosing of Avastin, e.g., multiple injections
– along with optimized systemic control – might bring
about persistently higher rates of PDR regression.
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