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Introduction: Bevacizumab (Avastin) is considered as an effective strategy in the
treatment of various ocular diseases. As a vascular endothelial growth factor (VEGF)
inhibitor, Avastin is used to control macular edema in patients with nonproliferative
diabetic retinopathy (NPDR). Therefore, in this study, we systematically reviewed
the effects of intravitreal bevacizumab injections on nonproliferative stage of
diabetic retinopathy.

Methods: Scopus and PubMed were systematically searched to find articles in
which the effect of Avastin (bevacizumab) had been evaluated in nonproliferative
stage of diabetic retinopathy. Literature search was performed using “Avastin OR
bevacizumab”, “nonproliferative stage” and “diabetic retinopathy” as keyterms in
the title, keywords, and abstract.

Result: All 47 articles were found in all databases, two additional records were found
through reference list screening, and only 10 articles were relevant to the purpose of
this study. According to the inclusion/exclusion criteria, 39 articles were excluded in
several step processes of article selection. The results revealed that intravitreal injection
of bevacizumab could be safely used to treat various ocular disease, particularly NPDR
stage of diabetic retinopathy with macular edema.

Discussion: Bevacizumab is considered as a novel and effective modality in the
treatment of various ocular diseases such as retinal neovascularization, neovascular
glaucoma, macular edema, and other ocular complications. Findings also suggested
that bevacizumab is a suitable therapeutic approach in clinical use.

Conclusion: According to the results of included documents, intravitreal injection of
bevacizumab could be considered as a promising treatment modality in the clinical
management of NPDR stage of diabetic retinopathy.
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Introduction

Diabetic retinopathy is one of the most common
leading causes of blindness in the world among
the people with age range of 20 to 64 years (1).
Ischemia that is a known leading cause of neovas-
cularization, diabetic macular edema and macular
ischemic changes, is responsible for visual loss in

patients with diabetes (2). Measures that can be
performed to prevent blindness in these patients
are medical controls including control of blood
sugar, blood pressure, lipids, and ophthalmic pro-
cedures such as laser photocoagulation and pars
plana vitrectomy (3). Despite numerous treat-
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ments, diabetic retinopathy is one of the causes of
blindness and impaired vision in adults (4). Dia-
betic retinopathy is divided into two main stages,
including proliferative (PDR) and nonproliferative
diabetic retinopathy (NPDR). In NPDR, microvas-
cular changes is limited to the retina, and lesions do
not exceed the internal limiting membrane (ILM).
Specific findings in NPDR include microaneurysms,
lack of blood supply to the retina, nerve fiber layer
infarcts, hemorrhages in the retina point, edema
of the retina, arterial abnormalities, and venous
dilatation (5,6). Although many patients loss their
visions in the proliferative stage of PDR; 80% of
vision loss occurs in NPDR (7). Diabetic retinopa-
thy is responsible for approximately 12% to 14%
of new cases of blindness annually (7). Some ep-
idemiological studies have shown that approxi-
mately 700,000 people in the United States suffer
from PDR, and 500,000 people suffer from diabetic
macular edema. Moreover, almost 65,000 new PDR
cases and 75,000 new cases of diabetic macular
edema are reported each year (7).

Avastin (Bevacizumab) is a monoclonal antibody
that could bind to all isomers of vascular endothe-
lial growth factor (VEGF). Intravenous injection of
Avastin has been approved by the Food and Drug
Administration (FDA) in 2004 for the treatment of
colorectal cancer (8). Since most cases of diabetic
retinopathy are NPDR, finding a method to prevent
the progression of NPDR to the PDR stage and to
avoid subsequent visual complications seems rea-
sonable. Most clinical manifestations of NPDR are
due to increased vascular permeability. Further-
more, due to increased levels of VEGF in posteri-
or segment of patients with diabetic retinopathy,
these manifestations may be associated with in-
creased levels of VEGF in the vitreous.

On the other hand, every therapeutic agent with
anti-VEGF property could be of great importance
in the treatment of diabetic macular edema (9).
Avastin as an effective and novel therapeutic agent
is a VEGF inhibitor, and it is used to control macu-
lar edema in patients with NPDR (10). Therefore,
in the present study, we systematically reviewed
the effects of intravitreal bevacizumab (IVB) injec-
tions on NPDR.

Methods
Literature search strategy

We systematically searched Scopus and PubMed
to find articles in which the effect of Avastin (bev-
acizumab) had been evaluated on NPDR as a new
therapeutic agent. Literature search was per-
formed on 1 April 2015 using “Avastin OR bevaci-
zumab”, “nonproliferative stage” and “diabetic ret-
inopathy” as keyterms in the title, keywords, and

abstract. The following search strategy, ((intravit-
real bevacizumab OR Avastin)) AND (non-prolif-
erative diabetic retinopathy OR nonproliferative
diabetic retinopathy), was used to find related
documents in English language. Relevant docu-
ments were selected independently by two re-
viewers and data was analyzed regarding the ef-
fects of Avastin on NPDR. Moreover, we searched
Google scholar as well as the reference list of rel-
evant articles manually to include other relevant
documents and to minimize the possibility of any
missing data.

Study selection

No time limitation was defined for article selec-
tion in literature search; however, in order to avoid
any possible misinterpretation of extracted data
in subsequent processes of data extraction, we
only selected articles in English language. Articles
with various types of medical design including the
cross-sectionals, case reports, case-controls, clini-
cal trials, and prospective cohort studies were in-
cluded in this literature review. Nevertheless, we
excluded review articles and meta-analysis in the
first step of article selection process. We also ex-
cluded articles if they were unrelated to the main
purpose of this study, or if the study had been con-
ducted on animals. Inclusion criteria were those pa-
pers in which the effects of Avastin had been evalu-
ated in NPDR. By reviewing the title, keywords, and
abstract of the papers, we omitted duplicated and
irrelevant documents in the first step. As well, full
texts of the relevant articles were entirely reviewed
and used for extraction of desired data.

Data extraction

All available data including name of the first au-
thor, publication date, study design, country, and
main findings of each study were extracted and
categorized based on the main purpose of this
study. Additional data including the total num-
ber of participants, sex ratio, and age, as well as
other demographic information of studied popu-
lation and methods of assessment were obtained
as possible. Different methods including optical
coherence tomography and fundus fluorescein
angiography had been used in the included stud-
ies to evaluate variables such as central macular
thickness (CMT), visual acuity (VA), and foveal
avascular zone (FAZ). We categorized the extract-
ed data based on the results reporting the effects
of Avastin on NPDR. All the processes of data syn-
thesis, data analysis, and study selection, which
were based on the recommendation of PRISMA
2009 checklist were performed by two indepen-
dent reviewers (11).
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Results
search results

From overall 27 article found in PubMed, and 20
records found in Scopus, almost 18 articles were
omitted due to irrelevancy. Seventeen additional
records were also excluded in subsequent steps by
step processes of article selection due to duplica-
tion, language, or subject irrelevancy. Four articles
were also excluded due to full text unavailability.
On the other hand, two additional records were
found through reference list screening and Google
Scholar search. By carefully reviewing the articles,
only 10 papers, which fully met the inclusion cri-
teria, were used for further assessment and data
analysis. Hence, full texts of the included articles
were collected, and the desired data were extracted
based on the main purpose of this study. Figure 1
shows step by step selection process of the articles.

Figure 1. Flowchart of study selection

Articles found in PubMed Articles found in Scopus
n=27 n=20

Total records
n=47

Papers excluded due to:
Duplication n=17
Irrelevancy n=19

Full text articles assessed|
for eligibility
n=11

Addational records
through Google Scholar
Papers excluded due to and reference list search

full text unavailability n=2
n=4

Total records assessed
for data extraction
n=9

Description of the included studies

In the included documents, total of 413 patients
with diabetic retinopathy and diabetic macular
edema had been enrolled. Although the sex ratio
had not been mentioned in some studies, 140 of the
cases were females in those mentioned. The age
of patients enrolled in the selected studies varied
from 38 to 96 years. The number of studied par-
ticipants also varied from one patient in some case
reports to 103 patients among the studies. In these
studies, treatment duration varied from two days
to 36 months. In a nunmber of studies, patients
with sex-linked diabetic retinopathy with macular
edema had been studied to evaluate the effects of
Avastin on NPDR. Three of the studies were case
reports in which the patients with NPDR, chronic
macular edema, and vision loss had been treated
with bevacizumab. Because the age, gender, and

other informative demographic data had not been
reported in some included articles, the data could
not be categorized based on sex and age. Table 1
shows the general characteristics of studies includ-
ed in this literature review.

Study results

The results showed that IVB injection in patients
with diabetic macular edema increases acute visual
acuity. Finding showed that intraoperative bevaci-
zumab can improve the mean best corrected visu-
al acuity (BCVA) from 0.80 at baseline to 0.54 at
6-months follow-up (12). Also results showed that
mean central subfield thickness (CST) can increase
from 316.02 pm to 339.56 um after 6-months post
treatment. Bevacizumab increased FAZ from 0.330
mm? at baseline to 0.434 mm? (14). Results of
studies also showed that optical disc swelling and
macular edema disappeared in three weeks after
treatment with bevacizumab (17,18). In addition,
results of other studies showed positive effects of
IVB injection on the treatment of diabetic papillop-
athy (18,21). According to the reports, it was show-
en that treatment with bevacizumab increased FAZ
and VA, while CMT reduced as a result of IVB injec-
tion (15). Findings of the included studies indicated
that maximal reduction of VEGF level occurred sev-
en days after IVB injection. Table 2 shows the main
clinical outcomes of the treatment with Avastin.

Discussion

Since the clinical manifestations of NPDR stage
in patients with diabetic retinopathy and macu-
lar edema are associated with increased vascular
permeability, in particular, VEGF levels, thera-
peutic agents inhibiting VEGF may be used in the
management of macular edema. Injection of IVB is
considered as an effective VEGF inhibitor. It is also
considered as a novel and effective therapy in the
treatment of various ocular diseases such as retinal
neovascularization, neovascular glaucoma, mac-
ular edema, and other ocular complications (22-
24). Various studies have also demonstrated that
IVB injection is a promising therapeutic agent in
the management of patients with intraocular neo-
vascular complication and macular edema (25).
Previously, the safety and non-toxic effects of beva-
cizumab on human retinal pigment epithelium, pig
choroidal endothelial cells, and rat retinal gangli-
ons had been demonstrated (24,26). Toxicological
assessment of the topical bevacizumab had also
been shown no significant adverse effects on ocu-
lar epithelium and endothelium (27). As well, ther-
apeutic potency of Avastin has been confirmed on
iris rubeosis (28,29). Another study has shown that
a single intravitreal ranibizumab (0.5 mg) injection
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Table 1. General characteristics of the included articles.

No Author Study Sex ratio Country Population Number of
Year design ® patients
Reference

1 Gallego-Pinazo RS 27 female Multicenter * Diabetic patients who had 59
2014 32 male cataract surgery and moder-
(12) ate-severe NPDR!

2 Nesmith CCS 61 female NPDR and AMD? 103
2014 42 male
(13)

3 Feucht RS 31 female Germany Patients with macular ede- 53
2013 22 male ma and NPDR
(14)

4 Erol PS 19 female Turkey Diabetic macular edema 29
2012 10 male
(15)

5 Davidovi¢ PiS - Serbia Diabetic patients with NPDR 20
2012
(16)

6 Al-Hinai CR A 46 years old Oman Macular edema and NPDR 1
2011 male
(7)

7 Ornek CR A 43 year old Turkey Mild NPDR 1
2010 woman
(18)

8 Lanzagorta-Aresti PiS - Spain NPDR and macular edema 28
2009
(19)

9 Chen CR A 58 year old NPDR and chronic macular 1
2009 woman edema
(20)

® RS: Retrospective study, CCS: Case—control prospective study, PS: Prospective study, PiS: Pilot study, CR: Case-report, * Spain, Puerto Rico, Costa Rica,
Brazil, Venezuela, Argentina, and Saudi Arabia. 'NPDR: Nonproliferative diabetic retinopathy, 2AMD: Age-related macular degeneration.

completely resolved the optic disc swelling with no
need for additional treatment (21).

Comparison between the effects of IVB injec-
tion and panretinal photocoagulation (PRP) in the
treatment of severe NPDR and PDR showed that
central macular edema was significantly lower
in patients treated with bevacizumab rather than
PRP, but the final corrected VA was not significantly
different in both groups (30). Findings showed that
IVB injection increased VA and FAZ in patients with
diabetic macular edema, while it reduced CMT fol-
lowing treatment (15,17).

Findings have shown that only 0.5 mg of ranibi-
zumab and 1.25 mg of bevacizumab as intravitreal
injection resulted in a decrease of the foveal thick-
ness, and improved vision in patients with diabetic
macular edema (31). In articles included in this lit-
erature review, the clinical effects of intravitreal in-
jection of 1.25 mg bevacizumab has been examined
in NPDR stage of diabetic retinopathy with macular
edema in a certain time. The results showed that
IVB injection could be safely used to treat various

ocular disease, particularly NPDR stage of diabetic
retinopathy with macular edema.

Conclusion

According to the results of included articles, IVB
injection can be considered as a promising thera-
peutic strategy in the treatment of NPDR stage of
diabetic retinopathy.

Acknowledgement

We would like to thank Clinical Research
Development Unit of Ghaem Hospital for their
assistant in this manuscript.

Conflict of Interest
The authors declare no conflict of interest.

References

1. Congdon NG, Friedman DS, Lietman T. [Important caus-
es of visual impairment in the world today. JAMA. 2003
15;290:2057-2060.

2. Ghasemzadeh F Jafari R. Comparing the Effect of In-
teravitreal Bevacizumab in Visual Acuity of Ischemic

66 Rev Clin Med 2016; Vol 3 (No 2)
Published by: Mashhad University of Medical Sciences (http://rcm.mums.ac.ir)



Banaee T et al.

Table 2. Variables and methods of assessment in the selected studies.

No Author Variables * Dose Mean fol- Method of Finding
Reference (mg/ml) low-up assessment ®
1 Gallego-Pinazo BCVA, CST 1.25/0.05 6 months OCT and FA The use of bevacizumab at the
(12) time of cataract surgery in cases
with pre-existent diabetic macu-
lar edema or NPDR™.
2 Nesmith 0SA - 12 months  SQ Result showed that poor re-
(13) sponders to Avastin are at high-
er risk for OSA.
3 Feucht FAZ, BCVA 1.25/0.05 6-8 weeks  OCT and FA The results confirmed the safety
(14) of IVB? injection in patients with
macular edema due to NPDR and
branch retinal vein occlusion.
4 Erol VA, CMT 1.25/0.05 3months  OCT and FA IVB injections can be used for
(15) chronic DME regardless of VA,
CMT, or FAZ dimensions.
5 Davidovi¢ Serum levels of 1.25/0.05 1 month FA and ELISA IVB injections have an effect on
(16) VEGF decreasing systemic VEGF val-
ues.
6 Al-Hinai VA, optic disc 1.25/0.05 1 month OCT, FA and Bevacizumab is a useful treat-
(17) FLP ment in diabetic papillopathy.
7 Ornek VA, optic disc 1.25/0.05 3weeks OCT and FA IVB injection effectively treated
(18) diabetic papillopathy.
8 Lanzagorta-Aresti BCVA, CMT - 36 months  OCT IVB immediately after
(19) phacoemulsification  prevents
exacerbation of the macular ede-
ma.
9 Chen VA - 2 days OCT and FA The use of IVB in chronic, re-
(20) fractory diabetic macular edema

may cause acute visual acuity
loss.

* BCVA: Best-corrected visual acuity, CST: Central subfield thickness, OSA: Obstructive sleep apnea, FAZ: Favela vascular zone, VA: Visual acuity, CMT:
Central macular thickness, VEGF: Vascular endothelial growth factor, ®OCT: Optical coherence tomography, FA: Fluorescein angiography, SQ: Screening
Questionnaire, FLP: Focallaser photocoagulation. 'NPDR: Nonproliferative diabetic retinopathy, [VB: Intravitreal bevacizumab.

and Non-Ischemic Diabetic Macular Edema. ZJRMS.
2013;15:19-23.

Schwartz SG, Flynn HW, Jr. Pharmacotherapies for dia-
betic retinopathy: present and future. Exp Diabetes Res.
2007;2007:52487.

Chibber R, Chibber S, Kohner E. 21st Century treatment
of diabetic retinopathy. Expert Rev Endocrinol Metab.
2007;2:623-631.

Liu YP1, Hu SW, Wu ZF, et al. Proteomic analysis of hu-
man serum from diabetic retinopathy. Int ] Ophthalmol.
2011;4:616-622.

Fujiok S, Karashima K, Saito Y. Evaluation of non-prolifera-
tive diabetic retinopathy with subgroups classified by or-
bital color Doppler imaging. Nippon Ganka Gakkai Zasshi.
2009;113:95-100.

Klein R, Knudtson MD, Lee KE, et al. The Wisconsin Epi-
demiologic Study of Diabetic Retinopathy XXIII: the twen-
ty-five-year incidence of macular edema in persons with
type 1 diabetes. Ophthalmology. 2009;116:497-503.
Smit DP, Meyer D. Intravitreal bevacizumab: an analysis of
the evidence. Clin Ophthalmol. 2007;1:273-284.

Zur D, Loewenstein A. Combination therapy for diabetic

Rev Clin Med 2016; Vol 3 (No 2)

10.

11.

12.

13.

14.

15.

macular edema. ] Ophthalmol. 2012;2012:484612.

Seo JW, Park IW. Intravitreal bevacizumab for treat-
ment of diabetic macular edema. Korean ] Ophthalmol.
2009;23:17-22.

Liberati A, Altman DG, Tetzlaff ], et al. The PRISMA state-
ment for reporting systematic reviews and meta-analyses
of studies that evaluate health care interventions: expla-
nation and elaboration. ] Clin Epidemiol. 2009;62:e1-34.
Gallego-Pinazo R, Dolz-Marco R, Berrocal M, et al. Out-
comes of cataract surgery in diabetic patients: results of
the Pan American Collaborative Retina Study Group. Arq
Bras Oftalmol. 2014;77:355-359.

Nesmith BL, IThnen M, Schaal S. Poor responders to bev-
acizumab pharmacotherapy in age-related macular
degeneration and in diabetic macular edema demon-
strate increased risk for obstructive sleep apnea. Retina.
2014;34:2423-2430.

Feucht N, Schénbach EM, Lanzl |, et al. Changes in the fo-
veal microstructure after intravitreal bevacizumab appli-
cation in patients with retinal vascular disease. Clin Oph-
thalmol. 2013;7:173-178.

Erol N, Gursoy H, Kimyon S, et al. Vision, retinal thick-

67

Published by: Mashhad University of Medical Sciences (http://rcm.mums.ac.ir)



Banaee T et al.

16.

17.

18.

19.

20.

21.

22.

23.

68

ness, and foveal avascular zone size after intravitreal
bevacizumab for diabetic macular edema. Adv Ther.
2012;29:359-369.

Davidovi¢ SP, Nikoli¢ SV, Curi¢ NJ, et al. Changes of serum
VEGF concentration after intravitreal injection of Avastin
in treatment of diabetic retinopathy. Eur ] Ophthalmol.
2012;22:792-798.

Al-Hinai AS, Al-Abri MS, Al-Hajri RH. Diabetic papillopathy
with macular edema treated with intravitreal bevacizum-
ab. Oman ] Ophthalmol. 2011;4:135-138.

Ornek K, Ogurel T. Intravitreal bevacizumab for diabetic
papillopathy. ] Ocul Pharmacol Ther. 2010;26:217-218.
Lanzagorta-Aresti A, Palacios-Pozo E, Menezo Rozalen JL,
et al. Prevention of vision loss after cataract surgery in
diabetic macular edema with intravitreal bevacizumab: a
pilot study. Retina. 2009;29:530-535.

Chen E, Hsu ], Park CH. Acute visual acuity loss following
intravitreal bevacizumab for diabetic macular edema.
Ophthalmic Surg Lasers Imaging. 2009;40:68-70.

Kim M, Lee JH, Lee S]. Diabetic papillopathy with macular
edema treated with intravitreal ranibizumab. Clin Oph-
thalmol. 2013;7:2257-2260.

Gunther B, Altaweel MM. Bevacizumab (Avastin) for
the treatment of ocular disease. Surv Ophthalmol.
2009;54:372-400.

Spitzer MS, Yoeruek E, Sierra A, et al. Comparative anti-
proliferative and cytotoxic profile of bevacizumab (Avas-
tin), pegaptanib (Macugen) and ranibizumab (Lucentis)
on different ocular cells. Graefes Arch Clin Exp Ophthal-

24.

25.

26.

27.

28.

29.

30.

31

mol. 2007;245:1837-1842.

Spitzer MS, Wallenfels-Thilo B, Sierra A, et al. Antiprolif-
erative and cytotoxic properties of bevacizumab on dif-
ferent ocular cells. Br ] Ophthalmol. 2006;90:1316-1321.
Adamis AP, Shima DT. The role of vascular endotheli-
al growth factor in ocular health and disease. Retina.
2005;25:111-118.

Luthra S, Narayanan R, Marques LEA, et al. evaluation of in
vitro effects of bevacizumab (avastin) on retinal pigment
epithelial, neurosensory retinal, and microvascular endo-
thelial cells. Retina. 2006;26:512-518.

Dastjerdi MH, Al-Arfaj KM, Nallasamy N, et al. Topical
bevacizumab in the treatment of corneal neovasculariza-
tion: results of a prospective, open-label, noncomparative
study. Arch Ophthalmol. 2009;127:381-389.

Grisanti S, Biester S, Peters S, et al. Intracameral bevacizum-
ab for iris rubeosis. Am ] Ophthalmol. 2006;142:158-160.
Oshima Y, Sakaguchi H, Gomi E et al. Regression of iris
neovascularization after intravitreal injection of bevaci-
zumab in patients with proliferative diabetic retinopathy.
Am ] Ophthalmol. 2006;142:155-158.

Ernst BJ, Garcia-Aguirre G, Oliver SC, et al. Intravitreal bev-
acizumab versus panretinal photocoagulation for treat-
ment-naive proliferative and severe nonproliferative di-
abetic retinopathy. Acta Ophthalmol. 2012;90:e573-574.
Fraser-Bell S, Kaines A, Hykin PG. Update on treatments
for diabetic macular edema. Curr Opin Ophthalmol.
2008;19:185-189.

Rev Clin Med 2016; Vol 3 (No 2)
Published by: Mashhad University of Medical Sciences (http://rcm.mums.ac.ir)



