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Abstract

e AIM: To evaluate the relationship between intravitreal

bevacizumab (IVB) treatment and the levels of vitreous
vascular endothelial growth factor (VEGF), basic
fibroblast growth factor (bFGF) and vitreous -retina
surface fibrosis in patients with proliferative diabetic
retinopathy (PDR).

e METHODS: This study was a prospective, open-label,

controlled, randomized clinical trial. Sixty —eight eyes of
PDR patients (=53) and macular hole patients (/7=15)
were enrolled in this study. Thirty—four eyes of the PDR
patients received IVB before vitrectomy. Twenty-three of
the 34 PDR patients received IVB treatment 5d before
vitrectomy (subgroup a), and 11 of the 34 PDR patients
received IVB treatment greater than 2wk prior to
vitrectomy (subgroup b). Nineteen of the PDR patients
did not receive IVB treatment at any time prior to
vitrectomy. The levels of bFGF and VEGF in vitreous
samples were measured using enzyme -linked
immunosorbent assay (ELISA) and the degree of
vitreoretinal fibrosis was characterized using clinical data
and data obtained intra—operatively.

e RESULTS: In PDR patients, VEGF and bFGF levels

were significantly increased compared to non -PDR
(control) subject’s eyes (/~<0.01). In PDR patients,
vitreous VEGF levels were significantly decreased
following IVB treatment compared to PDR patients that
did not receive IVB treatment (/A<0.01). The degree of
vitreoretinal fibrosis was significantly increased in
subgroup b compared to subgroup a (A<0.05) and to
patients that did not receive IVB ( £<0.05). Vitreous bFGF
levels were significantly greater in subgroup b than
subgroup a (/~<0.01) or in patients who did not receive
IVB treatment (/<0.05). A Spearman’s rank correlation
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test indicated that higher levels of vitreous bFGF, but not
VEGF, correlated with the degree of vitreoretinal fibrosis.

e CONCLUSION: We found that bFGF levels increase in
PDR patient’s vitreous after IVB treatment longer than
two weeks prior to vitrectomy and correlated with the
degree of fibrosis after IVB treatment. These findings
suggest vitreous fibrosis is increased in PDR patients
after IVB treatment may be due to increased levels of
bFGF.
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INTRODUCTION
D iabetic retinopathy  (DR)
complication of diabetes and is one of the leading

is the most common

global causes of preventable blindness in adults [. The
advanced stage of diabetic retinopathy known as proliferative
(PDR) is characterized by retinal
ischemia and subsequent vitreoretinal fibrosis'.

diabetic retinopathy

PDR itself is similar to a wound healing response in which
(FVMs) form on the surface of
the retina. However, this can cause intravitreal hemorrhages

fibrovascular membranes

and tractional retinal detachment (TRD) that may result in
blindness™.

The development of PDR is a complex process and involves
several growth factors, including basic fibroblast growth
factor (bFGF), vascular endothelial growth factor (VEGF),
tumor necrosis factor-aa (TNF-a), interleukin-18 (IL-1B),
hepatocyte growth factor (HGF), monocyte chemoattractant
protein-1 (MCP-1), interleukin-8 (IL-8), and platelet-derived
growth factor (PDGF)*. Wirostko e7 /™ established VEGF
as the primary mediator of retinal angiogenesis. bFGF is a
146-amino-acid protein that is widely expressed in tissues
and stimulates cell proliferation, cell growth, tissue repair,
fibroblasts and angiogenesis ™. bFGF is also involved in
epiretinal membrane formation in proliferative vitreoretinal
disorders®..
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Bevacizumab (Avastin Genentech, San Francisco, California,
USA) is a human-derived full-length monoclonal antibody
with binding affinity to all isoforms of VEGF. Vitrectomy
with preoperative intravitreal injection of bevacizumab (IVB)
has been reported to decrease intraoperative hemorrhages,
surgical time, and reduce postoperative vitreous hemorrhage
(VH) rates!.

However, some adverse consequences
treatment reported. The
development of TRD has been observed following IVB

following IVB

have been progression  or
treatment!""'?, Additionally, a profibrotic switch comprised of
a significant reduction in the neovascular component and
of the

proliferative membranes over time has been observed in

marked increase in the contractile elements
diabetic fibrovascular proliferative membranes after IVB
treatment!™,

Previous research has demonstrated that bFGF induces
VEGF-A expression through ERK1/2 MPAK pathway, which
in mediating both VEGF- and

bFGF-induced angiogenesis ™. A sudden decrease in VEGF

is a central player

due to treatment with bevacizumab may result in
compensatory increases in bFGF!",

However, it is unknown whether or not bFGF levels change
in vitreous after IVB treatment or if changes in bFGF levels
may be related to progression of TRD after IVB treatment.
Therefore, we investigated vitreous VEGF and bFGF levels
and the correlation between VEGF and bFGF levels with
degree of fibrosis in a sample of PDR patients that had either
undergone VB treatment or were not treated with IVB prior
to vitrectomy.

SUBJECTS AND METHODS

We investigated 68 vitreous samples from patients with PDR
(#=53) and macular hole (~=15) that underwent 23G pars
plana vitrectomy in Sir Run Run Shaw Hospital between
June 2012 and April 2013. Thirty-four patients with PDR had
received a single intravitreal injection of 1.25 mg/0.05 mL
bevacizumab before vitrectomy (bevacizumab group).

Twenty-three of the 34 patients were treated with
bevacizumab and vitrectomies were performed 5d later
(subgroup a). Eleven of them were treated with bevacizumab
(subgroup b). The

median time interval between bevacizumab injection and

and were operated at least 14d later

vitrectomy was 25d (range 14-44d). There were 19 patients
with PDR that had not been treated with bevacizumab or any
anti-VEGF  treatment  (PDR  group). Fifteen
non-diabetic patients with macular hole were operated by

other

23@G pars plana vitrectomy (control group). The control group

was free of vitreous hemorrhage, proliferative
viteroretinopathy, and retinal detachment.

Standardized forms were used to grade fibrosis from the
pre-IVB and pre-operative ophthalmic examinations. Fibrosis

was graded as 0 when there was no fibrosis, as limited when

there was macular pucker, as 1 when there were a few
pre-retinal membranes, as 2 when white preretinal fibrotic
membranes with limited extension into the vitreous were
present, and as 3 when abundant white membranes reaching
into the vitreous body were observed™.

Exclusion criteria included previous ocular surgery, a history
of ocular inflammation, photocoagulation in the preceding
3mo renal hematological diseases, uremia, prior chemotherapy,
and chronic pathologies other than diabetes.

Informed consent was obtained from all patients, and the
study was performed in accordance with the Helsinki
Declaration with the approval of the Sir Run Run Shaw
Hospital Ethics Committee.

Blood glucose of all patients was controlled prior to surgery.
Target fasting blood glucose levels were <7.8 mmol/L,
random blood glucose <10.0 mmol/L, and glycosylated
hemoglobin <6.2% . At the time of the initial vitrectomy,
samples of undiluted vitreous fluid (0.3-0.5 mL) were
obtained from the mid vitreous transferred to sterile
Eppendorf tubes and immediately frozen in liquid nitrogen.
The samples were kept at -80°C until assayed. After thawing,
vitreous samples were centrifuged at 20 000 g for 15min at
4°C, and supernatant was collected. Concentrations of VEGF
and bFGF were determined by the Quantikine ELISA assay
according to the manufacturer's protocol (R&D Systems,
Minneapolis, Minnesota, USA). The ELISA plates were
analyzed by measuring absorbance at 450 nm (reference at
570 nm) using a plate reader (Bio-Tek Instruments, Winooski,
Vermont, USA).

Statistical Analysis Statistical analysis was carried out using
Predictive Analytics Software Statistics 19 software (SPSS
19.0, IBM Corporation, Armonk, NY, USA). The Pearson 32
and Wilcoxon test were used to analyze categorical variables.
For numerical variables in parametric distribution a one-way
ANOVA and Student's 7 test was performed. The Spearman
rank correlation test was used to test the correlation between
Two-tailed 2 value less than 0.05
indicated statistical significance.

RESULTS

We evaluated the patient population using statistical methods

treatment groups.

and found that there was a significant difference in age
between the patients in the control group compared to
patients in the IVB treatment group (7 =2.573, #<0.05).
There was no significant difference in age between PDR
patients that received IVB treatment ( #=1.741, #=0.08) and
PDR patients that did not receive treatment ( #=1.447, £~ =
0.17; Table 1). Statistical analysis demonstrated that there
was no significant difference in the type of diabetes between
PDR patients treated with IVB and the PDR group that was
not treated with IVB ( 3*=0.011, 2=0.91; Table 1). There was
also no significant difference in the history of diabetes
between IVB group and PDR group (#=1.36, 2=0.18; Table 1).
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Table 1 Patient characteristics xts
Patient groups Age (a) Sex (n, M/F) Diabetes type (n, I/II) Diabetes history (a)
IVB group 48.9+11.2 19/15 5/29 7.24+3.51
PDR group 53.9+8.5 10/9 3/16 7.40+4.95
Control group 58.7+£6.6 6/9 - -

IVB: Intravitreal bevacizumab; PDR: Proliferative diabetic retinopathy; I: Type 1 diabetes; I1: Type 2 diabetes.

Table 2 Comparisons of VEGF, bFGF levels in the vitreous and fibrosis in different group xts

Degree of fibrosis ()
Groups VEGF (pg/mL) bFGF (pg/mL) 5 1 5 3
IVB group (n=34) 164.52+64.58 42.58+28.90 0 5 17 12
Subgroup a (n=23) 173.87+71.90 33.44+10.67 0 4 14 5
Subgroup b (n=11) 140.18+59.51 58.84+45.04 0 1 3
PDR group (n=19) 806.90+246.54 32.33+14.88 0 5 10
Control (n=15) 170.83495.18 7.77+£5.14 -

IVB: Intravitreal bevacizumab; PDR: Proliferative diabetic retinopathy.

We next examined the biological variations between the
different groups and discovered that there was a statistically
significant difference in intravitreal concentrations of VEGF
between the IVB group compared to PDR group ( #=14.145,
£<0.01) and the control group compared to PDR group (7=
8.518, 2 <0.01). There was no significant difference in
intravitreal concentration of VEGF between the IVB
treatment group and the control group (7=0.243, 2~ =0.86).
There
concentrations of VEGF between subgroup a and subgroup b
(7=1.346, 2=0.19) (Table 2).

Our analysis revealed a significant difference in intravitreal

was no significant difference in intravitreal

concentrations of bFGF between patients treated with IVB
and PDR patients that received no treatment compared to the
control group (7=4.12, 2<0.01; 7#=5.49, 7~ <0.01). There
was no significant difference in intravitreal concentrations of
bFGF between PDR patients treated with IVB with PDR
patients that received no treatment( 7#=1.470, /=0.15). There
was a significant difference in intravitreal concentrations of
VEGF between subgroup b with subgroup a and with PDR
patients that received no treatment (7=2.606, ~<0.01; 7=
2301, 2 <0.05). There was no significant difference in
intravitreal concentrations of bFGF between subgroup a with
PDR group (7=0.019, #Z=0.97). There was no significant
difference between subgroup b with subgroup a in the
diabetic time period (8.18+3.49y rs 6.74+3.43y, r=1.142, =
0.69), blood glucose control (6.19+0.54 mmol/L rs 6.04+
0.74 mmol/L, 7=0.586, #=0.21), HbAlc levels (5.15% =
0.74% s 5.20%+0.70%, #=0.157, 2 =0.66). There was no
significant difference between subgroup b and the PDR
control group in the diabetic time period (8.18 +3.49y s
747 £5.07y, 7 =0.409, 2 =0.22), blood glucose control
(6.19+£0.54 mmol/L rs 5.83+0.88 mmol/L, 7=1.224, 2=0.21),
and HbAlc levels (5.15%z0.74% rs 5.00%z0.77%, 7=0.538,
£=0.98).
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There was no difference in degree of fibrosis between PDR
patients treated with IVB or PDR patients that received no
treatment (= =1.574, 2 =0.20). However, there was a
significant difference in the degree of fibrosis between
subgroup b and subgroup a (2=2.103, 2 <0.05). There was
also a significant difference in the degree of fibrosis between
subgroup b and PDR patients that did not receive IVB
treatment group (2=2.103, #<0.05). There was no difference
in degree of fibrosis between subgroup a with PDR group
(2=1.13, 2=0.44) (Table 2).

No patient in subgroup a exhibited fibrosis after IVB
treatment. The degree of fibrosis increased in six patients in
subgroup b (54.5%). Overall, the degree of fibrosis increased
significantly after IVB in subgroup b (~=-2.449, #<0.05).
We used a Spearman rank correlation test to determine
whether or not levels of bFGF or VEGF correlated with the
degree of fibrosis. In all PDR patients, the levels of bFGF
correlated with the degree of fibrosis (,=0.529, 2<0.001;
Figure 1). However, VEGF levels did not correlate with
fibrosis (7=0.213, 2=0.19) and the levels of VEGF and
bFGF did not correlate across any group (»=0.131, 2=0.30).
A separate analysis was performed to determine if there was
any correlation between the levels of bFGF or VEGF and the
degree of fibrosis in PDR patients in subgroup a or subgroup
b. Our analysis revealed that there was no correlation
between the degree of fibrosis and VEGF levels in PDR
patients that received IVB treatment and the PDR patients
that were not treated with IVB (=0.221, #2>0.05). However,
the bFGF levels correlated with the degree of fibrosis in
subgroup b (~=0.810, 2<0.05). There was no correlation
between bFGF levels and the degree of fibrosis in subgroup a
or PDR group (=0.368, 2=0.08; =0.339, 2=0.16).
DISCUSSION

In our study, we found that the levels of two cytokines (bFGF
and VEGF) were significantly raised in vitreous samples
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Figure 1 Boxplots showing the intravitreal concentrations
of bFGF degree of fibrosis correlated significantly ( ~=0.529,
£<0.001).

from eyes with PDR compared to eyes with macular hole. In
agreement with previous studies we have shown that
anti-VEGF treatment caused vitreous concentrations of
VEGF to decrease
treatment. We also found bFGF levels were increased in

significantly even 25d following

vitreous samples following IVB treatment longer than 14d
prior to vitrectomy. However, bFGF levels were not
increased when IVB treatment was done only 5d prior to
vitrectomy. From these observations we postulate that IVB
treatment longer than 2wk before vitrectomy may cause
vitreous bFGF levels increase in PDR patients. Previous
research by other laboratories have found that continued
anti-angiogenic therapy targeting only the VEGF-VEGFR
system might affect pro-angiogenic factors other than VEGF,
such as bFGF !, Blockade of bFGF by anti-FGF antibodies
may provide a greater benefit regarding antiangiogenesis
when combined treatment with anti-VEGFU',

Six of 11 patients who received IVB treatment and were
operated at least 14d later (subgroup b) showed an increased
degree of fibrosis. In those patients that received IVB
treatment only 5d prior to surgery (subgroup a), no
progression of fibrosis was observed. We believe that this
may be due to the short time interval between bevacizumab
injection and vitrectomy. This suggests that the chance that
fibrosis develops or progresses increases with time and is
may be related to increases in bFGF levels. bFGF has been
shown to enhance the proliferation of Muller cells, retinal
astrocytes, and retinal pigment epithelial cells 2z rzvo'.
bFGF is produced and stored in epiretinal membranes and
bFGF may play a role in the auto- and paracrine control of
the proliferative at the vitreoretinal interface®. This evidence
and our observation that increased levels of bFGF, but not
VEGF, correlated with the degree of fibrosis suggest that

bFGF regulates the development of fibrosis in the eye after
IVB treatment at least 14d before surgery.

A significant advance in the management of PDR was the
introduction of anti-VEGF therapy. However, vitreoretinal
fibrosis can develop as a consequence of anti-VEGF
treatment . The fibrotic phenomenon has been observed
previously in age-related macular degeneration after IVB 2!,
In a prospective study, eleven of 213 PDR patients displayed
progression of TRD after IVB ™, TRD was observed after a
mean of 13d after bevacizumab when researchers found
collagen and smooth muscle actin significantly and
progressively more expressed in preretinal fibrovascular
proliferative membranes!l. These observations could explain
why the degree of fibrosis increased in subgroup b in the
current study. Based on our present findings, we argue that
decreased VEGF levels combined with the elevated bFGF
levels that we observed in subgroup b may have accelerated
the fibrotic response in these patients.

Evidence to support our argument that decreased VEGF
increase bFGF and fibrosis

observations that bFGF levels are strongly correlated with the

levels comes from our
degree of vitreoretinal fibrosis in PDR patients. However, our
statistical analysis showed that only subgroup b bFGF levels
are strongly correlated with the degree of vitreoretinal
fibrosis. In subgroup a or PDR group, there were no
statistically significant correlations with IVB treatment and
fibrosis. We speculate that when bFGF levels increase after
IVB treatment more than 14d prior to surgery, preretinal
fibrovascular proliferative membranes was active too and
caused increased fibrosis in a short time.

In conclusion, the results of our study suggest the time of
anti-VEGF therapy is an essential factor in the development
of fibrosis. Longer periods following IVB treatment cause
bFGF levels to increase that may have correlated to harmful
acceleration of fibrosis in PDR.

Although, anti-VEGF therapy has made a significant advance
in the management of PDR, vitreoretinal fibrosis can increase
or progress when IVB is used as an adjuvant to vitrectomy.
This may be associated with poorly controlled diabetes
mellitus elevated HbAlc,

administration, and a longer time interval between intravitreal

associated ~ with insulin
bevacizumab and vitrectomy [?. Previous research has found
that the vitreous levels of bFGF were significantly greater in
not receiving insulin treatment patients™. Our results suggest
that a longer time interval between IVB treatment and
vitrectomy increases bFGF levels in vitreous and is correlated
with the degree of fibrosis. This could explain the number of
patients reported by Arevalo e 2/ " that developed or had
progression of TRD. Therefore, we advocate that adjuvant
IVB may have more beneficial effects if it is done within 5d
before surgery.
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