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Purpose: Dry eye is a chronic inflammatory ocular surface disease with high prevalence. The 

current therapies for dry eye remain to be unspecific and notcomprehensive. This study aims to 

explore safety and efficacy of a novel treatment – subconjunctival injection of bevacizumab – in 

dry eye patients.

Methods: Sixty-four eyes of 32 dry eye patients received subconjunctival injection of 100 µL 

25 mg/mL bevacizumab. Dry eye symptoms, signs (corrected visual acuity, intraocular pres-

sure, conjunctival vascularity, corneal staining, tear break-up time, Marx line score, and blood 

pressure), and conjunctival impression cytology were evaluated 3 days before and 1 week, 

1 month, and 3 months after injection.

Results: Significant improvements were observed in dry eye symptoms, tear break-up time, 

and conjunctival vascularization area at all the visits after injection compared to the baseline 

(P,0.05). The density of the goblet cell increased significantly at 1 month and 3 months after 

injection (P,0.05). There was no visual and systemic threat observed in any patient.

Conclusion: Subconjunctival injection of 100 µL 25 mg/mL bevacizumab is a safe and efficient 

treatment for ocular surface inflammation of dry eye disease.
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Introduction
Dry eye is a chronic inflammatory ocular surface disease caused by a lot of factors, 

which is accompanied by increased osmolarity and instability of the tear film.1 Its 

main manifestations fall into ocular surface discomfort, intermittent blurred vision, 

and other potential ocular surface damages.2 The core mechanism of dry eye mainly 

begins with the low lacrimal flow or high evaporation driven by lots of factors and 

diseases, which results in the state of tear hyperosmolarity.3 Such hyperosmolarity 

causes damage to the surface epithelium by activating a cascade of inflammatory 

events at the ocular surface and releasing inflammatory mediators into the tears, such 

as IL-1α, IL-1β, TNF-α, MMP-9, vascular endothelial growth factor (VEGF), and 

epidermal growth factor.4 Epithelial damage involves cell death by apoptosis, a loss 

of goblet cells, and disturbance of mucin expression, leading to tear film instability.5 

This instability exacerbates ocular surface hyperosmolarity and completes the vicious 

spiral of the dry eye mechanism. The crux of the treatment is to break down the vicious 

inflammatory spiral.

VEGF, also known as vascular permeability factor, plays an important role in 

angiogenesis.6 Moreover, it also exerts a very important role in wound healing, 

embryonic development, some tumor growths, and ascites formation.6 In the human 

correspondence: Xuemin li
Department of Ophthalmology, Peking 
University Third hospital, no 49 
huayuan north road, haidian District, 
Beijing 100191, People’s Republic of 
china
Tel +86 10 8226 6312
Fax +86 10 8208 9951
email lxmlxm66@sina.com 

Journal name: Drug Design, Development and Therapy
Article Designation: Original Research
Year: 2015
Volume: 9
Running head verso: Jiang et al
Running head recto: Subconjunctival bevacizumab in treating dry eye
DOI: http://dx.doi.org/10.2147/DDDT.S85529

D
ru

g 
D

es
ig

n,
 D

ev
el

op
m

en
t a

nd
 T

he
ra

py
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/DDDT.S85529
mailto:lxmlxm66@sina.com


Drug Design, Development and Therapy 2015:9submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

3044

Jiang et al

body, there are two kinds of high-affinity receptors of VEGF: 

Flt-1 (VEGFR-1) and KDR (VEGFR-2).6 Previous studies 

showed that VEGF levels were increased in tear samples 

from patients with ocular chronic inflammatory diseases, 

such as vernal keratoconjunctivitis and dry eye.7 Yoo et al8 

demonstrated that VEGF, acting as a direct proinflammatory 

factor, was able to activate endothelial cells by producing 

chemotactic factors, such as MCP-1 and IL-8. At the same 

time, VEGF can promote monocytes to release of proinflam-

matory factors, such as TNF-α and IL-6, which boost the 

process of inflammation.8 Angiogenesis and inflammation are 

two pathological processes that interact with each other, and 

VEGF is the key factor that promotes the crosstalk between 

angiogenesis and inflammation.9 Bevacizumab (Avastin; 

Genentech, South San Francisco, CA, USA) is a humanized 

monoclonal antibody, first approved by the US Food and 

Drug Administration to treat angiogenesis. It can bind to and 

inhibit the biologic activity of all kinds of VEGF subtypes of 

in vitro and in vivo assay systems.10 The present study aims to 

evaluate the efficacy and safety of subconjunctival injection 

of anti-VEGF – bevacizumab – in the dry eye patients.

Materials and methods
Patients
The present study was conducted according to the principles 

of the Declaration of Helsinki and was approved by the 

Human Research and Ethics Committee of Peking University 

Third Hospital. The written informed consent form was 

obtained from each participant before their enrollment.

Subjects were recruited from the outpatient department of 

the Department of Ophthalmology of Peking University Third 

Hospital between April 2013 and December 2013. The inclu-

sion criteria for this study were 1) age 18–80 years; 2) chronic 

symptoms of burning, foreign body sensation, or itching of 

both eyes for .12 months; 3) Schirmer I test ,5 mm/5 min 

(without anesthesia) or breakup time #10 seconds;11 and  

4) willingness to cooperate with the doctors in the follow-up 

visits. Exclusion criteria included patients with 1) any 

structural abnormalities (such as eyelid trichiasis, entropion, 

and scarring); 2) the presence of pinguecula or pterygium;  

3) active allergy or infection or inflammatory disease at the 

ocular surface unrelated to dry eye; 4) any inflammation 

or active structural change in the iris or anterior chamber;  

5) glaucoma; 6) diabetes or other systemic, dermatologic, or 

neurologic diseases that affect the health of ocular surface; 7) 

use of any other topical medication other than artificial tears 

within the past month; 8) use of any systemic antiinflammatory 

drugs or medication that may interfere with tear production, 

such as antianxiety, antidepressive, and antihistamine medica-

tions within 3 months; 9) previous punctal occlusion or eye 

surgery; 10) a positive history of refractive surgery or contact 

lens wear; 11) hypertension that is unstable; and 12) a history 

of any bevacizumab contraindications, such as heart failure, 

gastrointestinal perforation, and pregnancy.

The study evaluated 64 eyes of 32 dry eye patients 

(13 males and 19 females). The mean age of the patients was 

50.93±14.73 years (range: 21–78 years).

Subconjunctival injection
In the operating room, subjects received bilateral subcon-

junctival injection of bevacizumab (100 µL, 2.5 mg/0.1 mL, 

Avastin; Genentech) with a 29 G needle (1 mL; Becton, 

Dickinson and Company, Franklin Lakes, NJ, USA). Before 

the injection, a drop of ropivacaine hydrochloride (Benoxil; 

Santen Pharmaceutical Co., Ltd., Osaka, Japan) was instilled 

in the conjunctival sac to serve as a topical anesthetic. All 

the injection sites were identical, which were 3 mm beneath 

the inferior rim of cornea. A drop of levofloxacin eye drop 

(Ofloxacin; Santen Pharmaceutical Co., Ltd.) was applied 

to the eye immediately after the injection. All the injections 

were performed by the same doctor (WQ).

clinical evaluation
Subjects were evaluated at five visits: 3 days before the 

injection and 1 day, 1 week, 1 month, and 3 months after 

the injection. The clinical assessments of the subject and 

both eyes were carried out in the following order: dry eye 

symptoms, blood pressure, visual acuity, intraocular pres-

sure (IOP), bulbar conjunctival vascularization, conjunctival 

impression cytology, tear break-up time (TBUT), Marx line 

(ML) assessment, and corneal staining. At the day 1 visit 

after injection, only blood pressure, visual acuity, IOP, and 

slit lamp examination were required to assure the safety of 

the patients. An interval of 10 minutes was required between 

different tests. All the test data were collected by two doctors 

(JXD and LZY); the average would be defined as the final 

result. All the samples for the conjunctival impression cytol-

ogy and their staining were performed by the same doctor 

(LHB) who was masked to the protocol.

symptom evaluation
The Ocular Surface Disease Index (OSDI; Allergan, Inc., 

Irvine, CA, USA), which includes 12 questions, was used 

to assess the dry eye symptoms. Total OSDI score was 
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calculated as follows: OSDI = (sum of scores of all answered 

questions) ×25/(total number of answered questions). 

Therefore, OSDI score ranges from 0 to 100. The OSDI score 

of 0 indicates no symptoms, 100 means extremely serious, 

12 is usually considered as the abnormal line, 13–22 means 

mild dry eye, 23–32 indicates moderate dry eye, and $33 

represents severe dry eye.12

Conjunctival vascularization evaluation
Conjunctival vascularization pictures were obtained with 

an IM 900 (Imaging module 900; Switzerland) slit lamp 

at a magnification of 16x by the same doctor (JXD). The 

pictures were analyzed using the ImageJ software program 

(v1.37). All the analysis was performed on ImageJ at the 

end of the follow-up. All measurements and analysis 

were performed by one person who was masked to the 

study protocol. According to the ImageJ analysis method 

from Bayar et al,13 the pictures were turned to black and 

white graphs and the proportion of bulbar conjunctival 

vascularization was measured in terms of pixels of bulbar 

conjunctival vessels divided by the pixels of the bulbar 

conjunctiva.

Conjunctival cytology impression
Cytologic specimens were obtained from temporal bulbar 

conjunctiva, 3 mm away from corneal limbus. Before the 

impression, a drop instillation of ropivacaine hydrochloride 

(Benoxil; Santen Pharmaceutical Co., Ltd.) was applied to 

the conjunctival sac to serve as a topical anesthetic. Cel-

lulose acetate strip (Tianjin Jingming New Technological 

Development Co., Ltd, Tianjin, People’s Republic of China) 

was firmly pressed against the sampled area for 20 seconds. 

The strip was immediately transferred into 95% alcohol and 

stained with periodic acid-Schiff.14 Cytology impression 

was performed at three visits, which were 3 days before and 

1 month and 3 months after the injection.

TBUT and corneal staining
A total of 5 (µL of 2% sodium fluorescein was instilled 

onto the bulbar conjunctiva without inducing reflex tearing, 

by using a micro-pipette.11 The patient was asked to blink 

naturally without squeezing for three to five times, and 

then the patient was asked to stare straight ahead without 

blinking, until told otherwise, under the cobalt blue light.11 

A stopwatch was used to record the time between the last 

complete blink and the first appearance of a dry spot or 

disruption in the tear film.11 The procedure was evaluated 

for three times, and the average value was defined as the 

final score. For corneal staining evaluation, the cornea was 

divided into five sectors;15 each sector was graded from 0 to 

3 using the following criteria: 0= no staining; 1= punctate/

stipple staining; 2= ball and linear staining; and 3= coalesced 

staining.16

Meibomian gland function evaluation
ML score was used to evaluate the meibomian gland func-

tion.17 A total of 5 µL of 2% sodium fluorescein was instilled 

on the bulbar conjunctiva, and the patient was instructed to 

blink naturally without squeezing. The ML was assessed 

under the cobalt blue light of the slit lamp.

statistical analysis
Statistical analysis was performed by using R software 

(Version 2.14.2). Comparison between data points was 

performed with an analysis of variance with Dunnett’s 

post hoc test, which compared the symptoms and clinical 

grading and the percentage of bulbar conjunctival vascu-

larization at the three different follow-up times to those at 

the baseline. Paired t-test was used to compare the goblet 

cell density at the two different follow-up times to that of 

the baseline.

We certify that all applicable institutional and govern-

mental regulations concerning the ethical use of human 

volunteers were followed during this research.

Results
clinical symptoms and signs
The results of OSDI score, evaluation of clinical signs, and 

the percentage of bulbar conjunctival vascularization are 

listed in Table 1.

According to the OSDI questionnaire, a significant 

decrease occurred at the time of 1 week, 1 month, and 

3 months after injection compared to that of the baseline 

(P,0.01). TBUT at the time of 1 week, 1 month, and 

3 months after injection significantly increased compared 

to that at the baseline (P,0.01). However, there was no 

significant change in the evaluation of corneal staining score 

or ML score during all the visits.

After ImageJ analysis of the percentage of bulbar con-

junctival vascularization (Figure 1), a significant decrease 

was observed at 1 week, 1 month, and 3 months after injec-

tion compared to that of the baseline (P,0.01). In the light 

of conjunctival cytology impression analysis (Figure 2), the 

goblet cell density was significantly increased at 1 month 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Drug Design, Development and Therapy 2015:9submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

3046

Jiang et al

and 3 months after injection compared to that of the baseline 

(P,0.05) (Table 2).

safety data
During the study, in all subjects, corrected visual acuity was 

not decreased. IOP was lower than 21 mmHg, and the blood 

pressure was beneath 140/90 mmHg. Ten eyes of nine sub-

jects were identified with subconjunctival hemorrhage 1 day 

after injection. A weekly follow-up was conducted for these 

patients, and all hemorrhage was absorbed within 2 weeks. 

No systemic adverse event was observed during the study.

Discussion
Dry eye is a chronic inflammatory ocular surface disease.1 

According to the tear samples analysis from dry eye patients, 

the levels of numerous cytokines and chemokines increase 

dramatically, such as VEGF, epidermal growth factor, 

CX
3
CL

1
, IL-8/CXCL8, CXCL10, IL-6, and TNF-α.18 Goyal 

et al19 first evaluated the effects of intraperitoneal injections 

of 400 µg of anti-VEGF antibody in a murine model with dry 

eye and found that the ocular inflammation was significantly 

relieved after the injection, as well as the dry eye signs. To 

our knowledge, there is no study reporting the application 

of bevacizumab to dry eye patients in the clinic. Our study 

applied sunconjunctival injection of anti-VEGF therapy 

to the dry eye patients and aimed to assess its safety and 

efficacy. Dry eye symptoms and signs were significantly 

improved after subconjunctival injection of 100 µL 25 mg/

mL bevacizumab in this study.

The OSDI questionnaire was used to assess the dry 

eye symptoms. Three contents are included in the OSDI 

questionnaire, which are ocular discomfort, visual function, 

and environmental triggers.14 For a long time, dry eye has 

been also considered as a chronic pain disease.16 Pain is 

a subjective phenomenon that varies greatly from person 

to person. Much research indicates that most of the proin-

flammatory factors (such as IL-1β, TNF-α, IL-6, and IL-8/

CXCL8) are able to lower the pain threshold and the anti-

inflammatory factors (such as IL-10) can reduce the ability 

to perceive pain perception.20 Studies show that VEGF plays 

an important role in the nervous system. Lin et al21 found 

that VEGF and VEGFR-2 were involved in the pathogenesis 

of neuropathic pain and VEGF inhibitors were effective for 

pain relief, which indicated that VEGF may be the key fac-

tor that promotes the crosstalk between vascular and nerve 

systems. The discomfort of dry eye may be due to the effects 

of cytokines such as VEGF on the nerve endings of con-

junctiva and cornea, which results in hyperalgesia, yielding 

to foreign body sensation, eye pain, and so on. The present 

study applied subconjunctival injection of bevacizumab to 

dry eye patients, and a significant decrease in OSDI score 

was achieved, which means that the dry eye symptoms were 

significantly relieved. Our results were similar to those of 

other studies. Enkvetchakul et al22 used bevacizumab in the 

treatment of pterygium and found out that the ocular irritation 

symptoms were significantly improved.

Our study also found that TBUT was significantly 

lengthened after the injection of bevacizumab. Tear film 

is a highly organized structure on the ocular surface; its 

stability and function are highly dependent on its bio-

chemical composition.23 Enríquez-de-Salamanca et al24 

indicated that the expression of proinflammatory factors 

was negatively correlated with TBUT. Marsovszky et al25 

also demonstrated that active inflammation of the ocular 

surface of the patients with rheumatoid arthritis could 

decrease the TBUT level. In our research, the longer TBUT 

after the injection may be the result of the inhibition effect 

of the anti-VEGF therapy on the expression and activation 

Table 1 OSDI scores, clinical grading scores, and percentage of bulbar conjunctival vascularization area in the treatment (subconjunctival 
bevacizumab) of eyes at all visits compared with the baseline

Symptoms and signs Baseline  
(minimum–maximum)

Median (minimum–maximum)

1 wk 1 mo 3 mos

OsDi 31.82 (0.00–100.00) 18.18 (0.00–75.00) 16.67 (0.00–64.42) 19.00 (0.00–50.00)
P* 0.001** ,0.001** 0.002**
TBUT 4.0 (0.0–11.0) 5.5 (1.0–14.0) 6.5 (3.0–20.0) 6.0 (2.0–20.0)
P* ,0.001** ,0.001** ,0.001**
corneal staining 0.0 (0.0–9.0) 0.0 (0.0–8.0) 0.0 (0.0–6.0) 0.0 (0.0–6.0)
P* 0.0644 0.192 0.209
Marx line 3.5 (0.0–9.0) 3.5 (0.0–9.0) 2.0 (0.0–9.0) 2.0 (0.0–9.0)
P* 0.354 0.459 0.69
Conjunctival vascularization area 0.139 (0.085–0.256) 0.125 (0.065–0.202) 0.113 (0.070–0.187) 0.105 (0.079–0.164)
P* ,0.001** ,0.001** 0.005**

Notes: *Dunnett test; **P,0.05.
Abbreviations: OSDI, Ocular Surface Disease Index; wk, week; mo, month; TBUT, tear break-up time.
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Figure 1 Bulbar conjunctival vascularization area.
Notes: The upper row images are the conjunctival vascularization pictures obtained with an IM900 slit lamp. The lower row images are the correspondent vascular pictures 
analyzed with Image J software. (A) is at 3 days before injection. High vascular density with a wide diameter could be observed. (B) refers to 1 week after injection. (C) is 
at 1 month after injection. (D) is at 3 months after injection. The vasculars in (B–D) are much thinner in diameter with lower density. All the dark pixels resulted from the 
light reflection were excluded from calculation. The pixels of the eyelid and eyelash were excluded.
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of the proinflammatory factors, thereby depressing the 

ocular surface inflammation.

Our results showed no significant change in corneal stain-

ing after the anti-VEGF therapy, which is inconsistent with 

the findings of Goyal et al19 who found that after intraperi-

toneal injections of anti-VEGF antibody in a murine model 

with dry eye, corneal staining significantly improved. This 

conflict may be due to the differences in the study subjects. 

Our study first applied anti-VEGF to the dry eye patients, 

69% of whom had no corneal damage. This may be the rea-

son why there are no significant differences. According to 

Figure 2 Conjunctival cytology analysis (stained with periodic acid–Schiff, 40×).
Notes: (A) refers to the staining before injection. (B) represents the staining 1 month after injection. (C) is the staining 3 months after injection. Compared to (A), the 
epithelial in (B) and (C) is more regular, rounder and smaller, the cell gap in (B) and (C) is much closer. The density of goblet cell, is much higher in (B) and (C), compared 
to (A).

Table 2 Conjunctival goblet cell density in the treatment 
(subconjunctival bevacizumab) of eyes at 1 mo and 3 mos after 
injection compared with the baseline

Average ± SD (mm2)

Baseline 1 mo 3 mos

Goblet cell density 269.44±104.20 308.23±84.29 323.67±112.23
P* 0.018** 0.028**

Notes: *Paired t-test; **,0.05.
Abbreviations: mo, month; sD, standard deviation.

the corneal staining analysis of some patients (Figure 3), the 

anti-VEGF was indeed able to relieve the corneal damage. 

This improvement may be the result of a better tear film or 

the relieving of ocular surface inflammation, which makes 

the corneal epithelial injury restoration possible. Our results, 

on the other hand, indicated the nontoxicity of this therapy 

to the corneal epithelium.

According to conjunctival cytology impression analysis, 

a significant increase in the goblet cell density was observed 

after the injection of bevacizumab. Contreras-Ruiz et al26 

indicated that the apoptosis of goblet cells was primarily 

induced by TNF-α and IFN-γ. VEGF is able to promote the 

expression of TNF-α. So, the increase in the goblet cell den-

sity may be due to the improved ocular surface inflammation 

after the therapy, which improved the microenvironment of 

goblet cells as well as the cells’ ability to self-heal.

However, Joussen et al27 found out that in a murine model 

of limbal insufficiency, VEGFR was abundant in the corneal 

goblet cells and the systemic inhibition of VEGF bioactivity 

potently suppressed the corneal goblet cell density, which 

disagreed with our results. The inconsistency may be due to 
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two reasons. One is that the goblet cell studied by Joussen 

was pathologically growing on the cornea, which was dif-

ferent from that grown in the conjunctiva. The other reason 

may be due to the improvement of the microenvironment of 

the goblet cell exceeding the direct adverse effect that anti-

VEGF therapy played on the goblet cell. Therefore, further 

research is needed to confirm our hypotheses.

There are some possible mechanisms whereby anti-VEGF 

could relieve the dry eye inflammation. First, it decreases 

the permeability of the conjunctival vascular membrane, 

thus reducing the leakage of cytokines and leukocytes to the 

ocular surface.28 Second, it reduces the vascular endothelial 

area, thereby inhibiting the adhesion and migration of the 

leukocytes.9 Third, it inhibits the production of cytokines and 

chemokines from the endothelial cells.9 Fourth, it reduces 

cytokine production from the VEGF-induced monocytes or 

macrophages.10 Finally, it suppresses the nerve irritation from 

VEGF or other cytokines, thus relieving the hyperalgesia. 

These mechanisms may happen independently, but it remains 

to be confirmed which mechanism has a principal impact on 

the quenching of dry eye inflammation.

The limitations of our study include: the short time of 

observation that was limited to 3 months, the small sample 

size, and the lack of control group which cannnot then rule 

out the effect of the subconjunctival injection procedure. 

Further research is needed to be carried out to ascertain the 

doses of the injection and the long-term safety and efficacy 

of anti-VEGF therapy, as well as the influence of the sub-

conjunctival injection procedure on the results.

Conclusion
Dry eye disease is a chronic inflammatory disease charac-

terized by a cascade of inflammatory events at the ocular 

surface. The treatments of dry eye, which are manifold, 

remain inefficient and notcomprehensive. Our study applied 

anti-VEGF agent – bevacizumab – to the eyes of dry eye 

patients and demonstrated that it was able to relieve the 

symptoms and signs of dry eye safely and effectively for a 

Figure 3 corneal staining pictures
Notes: (A) refers to the staining picture obtained before injection. (B) represents the staining picture obtained 1 month after injection. (C) is the staining picture taken  
3 months after injection. A dramatic improvement in corneal staining could be observed in (B) and (C), compared to (A).
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period up to 3 months after therapy, which may open up a 

potential new treatment for dry eye.
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