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Abstract

e AIM: To compare the clinical efficacy of intravitreal

injections of bevacizumab and ranibizumab for treating
Chinese patients with neovascular age -related macular
degeneration (AMD).

e METHODS: Among 60 Chinese patients with exudative

AMD (60 eyes), 28 received intravitreal bevacizumab
injections  (1.25mg) and 32 received intravitreal
ranibizumab injections (0.5mg), once a month for 3
months and were followed for a total of 6 months.
Monthly optical coherence tomography (OCT) was used
to determine whether the patients received additional
treatments during the follow —up. We compared the
baseline and 6 -month follow-up values of mean best-
corrected visual acuity (BCVA) and central retinal
thickness (CRT) in both groups of patients. We also
compared the occurrence of adverse events.

e RESULTS: At the 6-month follow-up, the mean BCVA

(logMAR) of the bevacizumab and ranibizumab treatment
groups improved from the baseline measurements of
0.72 +0.23 and 0.73 +0.22 to 0.47 +0.14 and 0.45 +0.20,
respectively (P <0.05 for both groups). However, the
change was not significantly different between the two
groups. As evaluated by OCT, CRT decreased from
366.71x34.72um and 352x36.9um at baseline to 250.86
41.51um and 243.22 +41.38um in the bevacizumab and
ranibizumab groups, respectively (P <0.05 for both
groups). However, the change was not significantly
different between the two groups. There were no severe
local adverse reactions or systemic adverse events.

¢ CONCLUSION: Intravitreal bevacizumab and ranibizumab
have equivalent effects on BCVA and CRT and appeare
safe over the short-term.

¢ KEYWORDS: age-related macular degeneration; choroidal
neovascularization; bevacizumab (avastin); ranibizumab

(lucentis)
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INTRODUCTION
ge-related macular degeneration (AMD), also referred
to as "senile macular degeneration” occurs primarily in
individuals over 50 years and always involves both eyes.
AMD
deformation, discoloration, or a central dark point, is one of

causes vision deterioration, with or without
the primary reasons for blindness in the elderly in developed
countries, and seriously reduces the quality of life. With
China's aging population and improved living standards, the
incidence of AMD is gradually rising and affecting younger
people!'.

Clinically, AMD is classified into two types: dry (atrophic)
and wet (exudative). Dry AMD is characterized by macular
drusen, hyperplasia, and retinal pigment epithelium atrophy,
along with slow vision loss. Wet AMD is a major cause of
blindness, and patients exhibit choroidal neovascularization
(CNV) with subretinal hemorrhage, exudation, subretinal
fibrosis, or vitreous hemorrhage ¥, leading to serious and, if
untreated, irreversible decline in visual acuity in the short
term. Therefore, wet AMD therapy focuses on treating CNV.

Vascular endothelial growth factor (VEGF) is a cytokine that
promotes angiogenesis and vessel wall permeability, thereby
playing an important role in CNV formation ™. Anti-VEGF
drugs safely and effectively inhibit CNV development,
stabilize and improve visual acuity, and reduce macular
edema P9 Bevacizumab and ranibizumab are anti-VEGF
drugs that have been widely used to treat ophthalmological
choroidal neovascular disease, including wet AMD. Although
recent studies performed in western countries have compared
these two drugs and found their clinical efficacy to be

comparable [

, little is known about their comparative
clinical efficacy in a native Asian population. This study
assessed the clinical efficacy of these two drugs in Chinese
patients with wet AMD.

SUBJECTS AND METHODS

Subjects After slit-lamp indirect ophthalmoscopy, fundus
angiography  (FFA),
angiography (ICGA), and optical coherence tomography

fluorescein indocyanine  green
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Table 1 Baseline data before treatment xts
Bevacizumab Ranibizumab P
Gender, n (%) 0.779
Female 15 (53.57) 15 (46.88)
Male 13 (46.43) 17 (53.12)
Age (a) 0.694
50-59 4(14.29) 9 (28.12)
60-69 9 (32.14) 9 (28.12)
70-79 12 (42.86) 10 (31.25)
80-89 3 (10.71) 4 (12.5)
BCVA (logMAR) 0.72+0.23 0.73£0.22 0.812
CRT (um) 366.71+34.72 352+36.9 0.12
IOP (mmHg, MEDIAN) 14 13.5 0.765
Blood pressure (mmHg, MEDIAN)
Systolic blood pressure 121.89+14.24 122.19+10.05 0.93
Diastolic blood pressure 80.71£10.88 82.28+7.33 0.51

(OCT) examinations, 60 patients over the age of 50 years
were diagnosed with wet AMD. Patients with pathologic
myopia, uveitis, ocular trauma or diabetic retinopathy lesions,
polypoidal choroidal vasculopathy, end-stage scarring CNV,
one eye, history of cardio-cerebral vascular disease, or
history of previous treatment with photodynamic therapy
(PDT), transpupillary thermotherapy (TTT), or retinal laser
photocoagulation were excluded from this study. We selected
28 patients (28 eyes) diagnosed with wet AMD who accepted
intravitreal injections with bevacizumab (Avastin; Roche,
Basel, Switzerland) at our hospital from October 2008 to
October 2009, and 32 patients (32 eyes) diagnosed with wet
AMD who accepted intravitreal injections with ranibizumab
(Lucentis; Novartis, Basel, Switzerland) at our hospital from
August 2010 to June 2012 (baseline data shown in Table 1).
Although these two arms of the study were run consecutively,
they both involved the same ophthalmic surgeons. The
bevacizumab group included 13 males and 15 females, with a
mean age of 66.8 +8.6 years, and the ranibizumab group
comprised 17 males and 15 females, with a mean age of
67.9 £10.3 years. The baseline best-corrected visual acuity
(BCVA, logMAR) was 0.72+0.23 in the bevacizumab group
and 0.73+0.22 in the ranibizumab group. The baseline central
retinal thickness (CRT) was 366.71+34.72um in the bevaciz-
umab group and 352 +36.9um in the ranibizumab group
(Table 1). These mean ages, visual acuities, and central
retinal thicknesses were not significantly different between
the two groups of patients. All patients signed informed
consent forms. Bevacizumab intravitreal injections to treat
wet AMD were part of the AMD Clinical Characteristics and
Interventions Research Project in China, and were approved
by the hospital's Ethics Committee. Ranibizumab was
provided by Novartis as part of the ranibizumab drug
donation program, and was also approved by the Ethics
Committee.
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Methods Sixty patients underwent monthly injections for 3
months and attended monthly follow-ups for 3 additional
The

bevacizumab and ranibizumab were 1.25mg (0.05mL) and

months after treatment. intravitreal injections of
0.5mg (0.05mL), respectively, and were administered in an
operating room. Three days prior to the procedures and
immediately after topical anesthesia, antibiotic drops of
povidone-iodine were used to clean the eyelid and
conjunctival sac. The treatment drugs were injected into the
vitreous cavity through the pars plana. The patients were
assessed on the first postoperative day, and then followed
monthly for 6 months. Each follow-up visit included visual
acuity and intraocular pressure assessments, a mydriasis
fissures lamp examination, and OCT measurement. The
review results determined whether additional therapy was
required. The standards for additional treatment were: OCT
showing active neovascularization with or without decreased
vision; new-onset or persistent subretinal hemorrhage,
effusion, or new-onset or persistent macular edema; macula
thickness >250pm; or decreased visual acuity no less than
two-line  (excluding other factors leading to vision loss).
Treatment clinical efficacy and safety were compared after 6
months (The ophthalmic surgeons involved in both arms
were the same).

Statistical Analysis Statistical Package for the Social
Sciences software (SPSS v17.0, SPSS Inc., Chicago, IL,
USA) was used for data processing. Snellen chart BCVA
measurements were converted to logMAR %, Each dataset
showed normal distribution by the Kolmogorov-Smirnov test.
BCVA, CRT, intraocular pressure, and blood pressure were
analyzed with one-sample ttests within groups and
independent sample t-tests between groups. Classification
count data were analyzed using the Chi-square test, and if the
sample size was <40, then Fisher's exact method was used.

P<0.05 was considered statistically significant.
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Table 2 Changes in BCVA over time Xxs
Baseline 1 month 2 months 3 months 6 months

Bevacizumab 0.724+0.23 0.6+0.18 0.524+0.18 0.49+0.15 0.47+0.14
Ranibizumab 0.73+0.22 0.61+0.25 0.49+0.24 0.48+0.23 0.45+0.20
P 0.812 0.87 0.46 091 0.75

RESULTS 0.45 4 — Bevacizumab

Vision Before treatment, BCVA (logMAR) values of the Ranibizumab

bevacizumab and ranibizumab groups were 0.72+0.23 and 040 7

0.73 £0.22, respectively. After three consecutive injections, 0.35 4

the two groups of patients had mean BCVA values of 0.49+ § 0.30

0.15 and 0.48+0.23, respectively. At the 6-month follow-up, =

the mean BCVA (logMAR) of the two groups was (0.47+ 0-25 4

0.14) and (0.45+0.20), respectively (P<0.05). The two sets of 0.20 +

visual acuity increases were significant compared to baseline 015

values (ttest, P<0.05), and there was no significant difference
in visual acuity improvement between the two groups (P=
0.567; Figure 1, Table 2).

CRT CRT showed declining trends in both groups after
injection. In the bevacizumab group (28 patients, 28 eyes),
preoperative CRT as assessed by OCT was 366.71+£34.72um.
At the 6-month review, CRT was significantly reduced to
250.86 +41.51um (P<0.05). In the ranibizumab group (32
cases, 32 eyes), preoperative CRT was 352+36.9um and was
significantly reduced to 243.22+41.38wm at 6 months (#test,
P<0.05). The 6-month CRT values were not significantly
different between the two groups (P=0.483, Figure 2).
Complications, intraocular pressure, and blood pressure
changes In the bevacizumab and ranibizumab groups, 6
(21.43%) and 6 (18.75% ) eyes had mild reactive uveitis
(self-healed within 2 weeks), 4 (14.3%) and 5 (15.63%) eyes
had subconjunctival hemorrhage (absorption after 2 weeks),
and 1 (3.57% ) and 2 (6.25% ) eyes had postoperative
increased intraocular pressure (<25mmHg), respectively. No
serious ocular complications, such as retinal detachment,
vitreous hemorrhage, or infectious endophthalmitis, or
systemic adverse events, such as cerebrovascular disease,
were observed in either group (Figure 3).

Intraocular pressure was not significantly changed in either
group (bevacizumab group, P=0.423; ranibizumab group,
P=0.847), and an independent sample ttest showed no
significant difference between them. We did not observe any
significant differences in systolic or diastolic blood pressures
over time or between groups (all P>0.05).

In the bevacizumab group, three patients (3 eyes, 10.71%)
underwent one additional treatment, and one eye (3.57%) had
two additional treatments. In the ranibizumab group, 6
patients (6 eyes, 18.75%) exhibited CNV recurrence on review

OCT (five patients with vision loss of two lines or more, 1
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Figure 1 BCVA changes over 6 months Error bars represent
95% confidence interval (CI).
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Figure 2 CRT changes over 6 months Error bars represent 95%
confidence intervals (CI).
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Figure 3 Incidence of adverse events.

person without declining eyesight). Among these, 5 cases (5
eyes, 15.63%) had one additional treatment and one patient
(1 eye, 3.13%) underwent two additional treatments. Vision
stabilized after the secondary treatments, and review OCT
showed that the lesion areas were significantly reduced. At 6
months, the bevacizumab and ranibizumab groups had

received 3.18 and 3.22 injections per patient, respectively.
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DISCUSSION

VEGF is considered a highly specific vascular endothelial
cellular regulatory factor that is closely related to
angiogenesis and vascular permeability and is the most
important physiological factor that regulates vascular growth.
Using immunohistochemical analysis, another study showed
that surgical resections of CNV films in AMD patients
exhibited a high correlation between VEGF expression and
AMDMI thereby providing a theoretical basis for anti-VEGF
treatment for wet AMD.

Bevacizumab was the first anti-VEGF drug approved, and is
a first-line drug for metastatic colon cancer. It is a
restructuring of the full-length humanized monoclonal IgGl
antibody (relative molecular
148 000kDa). Its half-life in the vitreous cavity is about 9.8

days. Its mechanism of action involves competitive inhibition

mass of approximately

of VEGF and its specific receptors, thereby inhibiting
endothelial cell

angiogenesis Y. Ranibizumab is the second generation of

vascular proliferation and reducing
humanized monoclonal
restructuring of the anti-VEGF Fab portion (relative

molecular mass of approximately 48 000kDa). Its half-life in

antibody fragments and is a

the vitreous cavity is also about 9 days [, It can reduce
immunogenicity of the non-associative humanized fragment
of the
determinant. It has specific affinity for all human VEGF

and two portions rat high-affinity antigenic
subtypes, inhibits vascular leakage and neovascularization,
and is therapeutic for CNV.

A number of clinical studies have demonstrated the
effectiveness of ranibizumab and bevacizumab for the
treatment of wet AMD "', We found that both drugs
exerted similar clinical efficacies and safety profiles for the
treatment of wet AMD. The mean BCVA of both groups
improved significantly after treatment, and their final values
were not significantly different. Accordingly, mean central
retinal thicknesses declined significantly as a result of
treatment and their final values did not differ significantly by
group. However, it is possible that differences between the
two drugs were masked by the small sample size and short
follow-up time of this study. It has been suggested that
because bevacizumab has a molecular mass approximately
three times greater than that of ranibizumab, its retinal
penetration may not be as effective. However, connections
between retinal cells are loose in AMD patients with retinal
edema, and bevacizumab macromolecules can easily
penetrate the retina; therefore, clinical effects due to
molecular weight differences are not obvious in this
population . Follow-up OCT assessments suggested that the
two groups of patients had comparable CNV recurrence,
macular edema, and subretinal effusion. The bevacizumab
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group had an average of 3.18 treatments per patient, whereas
the ranibizumab group had 3.22 treatments per patient.
Anterior chamber inflammation and subconjunctival
hemorrhage are common during intravitreal injections and
may be improved by symptomatic treatment. We did not
observe serious complications such as retinal hemorrhage,
complicated  cataract, retinal detachment, vitreous
hemorrhage, and infectious endophthalmitis or systemic
adverse events such as cerebrovascular accidents. With its
greater molecular weight, slightly longer half-life, and
relatively slow drug metabolism in the vitreous cavity,
bevacizumab could more readily cause strokes, hypertension,
and systemic adverse events. However, bevacizumab
injection frequency was slightly lower, which effectively
reduced the risk of local adverse events due to injection.
Overall, there were no obvious differences in the clinical
safety of the two drugs. The higher price of ranibizumab
($2 000 per injection™™) limits its use in developing countries
and undeveloped regions where patient income levels are
low. In contrast, bevacizumab is about 40-fold less expensive?”.
Given the lack of differences between the drugs in clinical
curative effects and safety over the short term, bevacizumab
is presently the preferred treatment choice for the majority of
Chinese patients.

The main limitation of our study is its non-randomized
design, that it is mostly on retrospective observation, and that
the investigators were not masked to treatment modality.
Moreover, it assessed a small sample size over a relatively
short follow-up period (6 months). However, our results
show that in the short term, bevacizumab and ranibizumab
can effectively stabilize vision or improve eyesight, reduce
macular area retinal thickness, and improve fundus CNV
leakage and retinal effusion. Both drugs were safe, with a
low incidence of adverse events. Our conclusion in
comparing the safety and efficacy of intravitreal bevacizumab
and ranibizumab in patients with exudative AMD in China is
similar to those of larger randomized clinical trials that
focused on foreign AMD patients 7. Further clarification of
their efficacy and safety for Chinese patients will require
larger sample sizes and longer follow-up, preferably as part
of a prospective multicenter clinical research study.
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