Int Eye Sci, Vol. 14, No.5, May 2014 wWww. ies. net. cn
Tel;029-82245172 82210956 Email . 1JO. 2000 @163. com

- Original article -

Comparison of ranibizumab and bevacizumab in
neovascular age—related macular degeneration

Huseyin Serdarogullari', Muzafter Ozturk’, Umur Kayhan', Selim Bolukbasi', Burak Frden',

Mustafa Elcioglu'

'Department of Ophthalmology, Okmeydani Education and
Research Hospital , Istanbul 34400, Turkey
*Dunya Goz Hastanesi ( World Eye Hospital ),
34400, Turkey

Correspondence to: Huseyin Serdarogullari.

Istanbul

Department of
Ophthalmology, Okmeydani Training and Research Hospital ,
Istanbul 34400, Turkey. hus. serdar@ gmail. com

Received: 2013-02-05 Accepted ; 2014-04-04

EERETRES AN N KB X I EME AMD
HITT L

Huseyin Serdarogullari', Muzaffer Ozturk®, Umur Kayhan',
Selim Bolukbasi', Burak Erden', Mustafa Elcioglu'

(PR AL AR B R HIL YA R, B s Mk JE oy i
SEEEBEIRR 2 +HH A /R 5E W Goz Hastanesi (it 5t
IREHEERE) )

B HAE# : Huseyin Serdarogullari. hus. serdar@ gmail. com

HE
B B R R 5T F 2k 30 5 DR 2k B 0t 4 R A
7 M # 31 % M (age-related macular degeneration, AMD) #y
TR, T ELEREA,
Joik B 47 63 ] 63 IR (F TR GG T 435 IR, )L
KR BEET A28 B)FH LI A T FHAEXEE
M EEEEE, BT 12mo BRI, A AT HL R T 4L B
ty & EH E ALY (BCVA) Fr & 38 00 1 B B (CFT) , %
WRE e HEFZH0RBRAAREHRENH
ERRQWEENT A,
SR EHR YA 4 35 AR TR BRI T 41 28 IR Y
TR 12mo [, LK H W, FHENBTARENE
A HE B Am 0. 1logMAR ; 48 K, W& 2k B 4006 97 H i &
BRIEAL A 915 T % 0. 06logMAR (P=0.01) , & %k 4703497
4113 BR(37% ) TR 2k AR08 T 4 4 IR (14% ) =4 E
A EDEA0.3logMAR, FHRBATL BT A FHEH PO
MR A 41, 6pm, VUt 2k #4096 97 48 D 8. lpm (P =
0.003), 4T3 5T R B7 4.46 KA1 4.11 K (P>0.05)
SR AN RS TR A AN F A T E T &%
ﬁu%ﬂﬁziﬁkiﬂméﬂ R HMHAHTRALLUATEE
FE AL B K 0 1 R A 36 2k 38
KB . FRAEAUERTE MO E N EKEFEIT;
BI04

5| A : Serdarogullari H, Ozturk M, Kayhan U, Bolukbasi S, Erden
B, Elcioglu M. H#H&H fﬁlﬁhﬁmﬁzﬁﬁhxﬁﬁinﬁAMD 4]
JPa. FRBRIR Ik 2014514(5) 797-801

Abstract

¢ AIM: To compare the efficacy of intravitreal ranibizumab
and bevacizumab for the treatment of neovascular age -
related macular degeneration (AMD) using a pro re nata
(PRN) treatment regimen.

e METHODS: A total of 63 eyes (35 eyes treated with
ranibizumab and 28 eyes treated with bevacizumab) of 63
patients with newly diagnosed neovascular AMD were
analyzed and compared retrospectively. Outcomes
included comparison of best - corrected visual acuity
(BCVA ) and central foveal thickness ( CFT ) after
ranibizumab or bevacizumab treatment at 12mo follow -
up. Two-tailed t-tests and one-way ANOVA were used
to compare mean changes in BCVA and CFT for different
groups.

e RESULTS: Thirty - five eyes treated with ranibizumab
and 28 eyes treated with bevacizumab were enrolled and
completed 12mo follow - up. At 12mo, mean BCVA
increased by 0. 1logMAR with ranibizumab treatment;
however BCVA decreased by 0. 06logMAR with bevacizumab
treatment ( P=0.01). A gain of at least 0.3logMAR in
BCVA was observed in 13 eyes (37%) treated with
ranibizumab and in 4 eyes ( 14%) treated with
bevacizumab. Mean CFT reduced by 41.6um and 8. 1um
in the ranibizumab and bevacizumab groups, respectively
(P=0.003). The mean number of injections per eye was
4.46 with ranibizumab and 4.11 with bevacizumab (P>0.05).
e CONCLUSION: Intravitreal ranibizumab yielded better
visual and anatomical results than bevacizumab.
However, randomized long-term clinical trials are needed
to draw conclusions about efficacy and safety of the two
drugs.
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VEGF therapy; ranibizumab; bevacizumab; choroidal
neovascularization

DOI:10.3980/j. issn. 1672-5123.2014.05.03

Citation; Serdarogullari H, Ozturk M, Kayhan U, Bolukbasi S,
Erden B, Elcioglu M. Comparison of ranibizumab and bevacizumab

in neovascular age-related macular degeneration. Guoji Yanke Zazhi

(Int Eye Sci) 2014;14(5) .797-801

INTRODUCTION
ge—related macular degeneration ( AMD) is the most
common cause of severe central vision loss in the
population over the age of 50 years in many developed

countries. Choroidal neovascularization ( CNV) secondary to
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AMD, which is also known as ‘wet’ or ‘exudative’ type

AMD, causes severe visual impairment and influence the

7. Recent innovations in technology have

quality of life"
shown that the neovascular process is generated by vascular
endothelial growth factor (VEGF-A)"*'. In the light of these
advances, intravitreal injection of VEGF inhibitors has
become the most important therapeutic option for neovascular
AMD.

Intravitreal anti—VEGF treatment with ranibizumab ( Lucentis® |,
Novartis Pharma AG, Basel, Switzerland and Genentech,
South San Francisco, California, USA) and bevacizumab
(Avastin® | Genentech, South San Francisco, California,
USA) has changed the approach of ophthalmologists in the
management of this disease, as both of these have shown
encouraging results with stabilization or even improvement of
visual acuity *™"'. The Food and Drug Administration ( FDA)
originally approved bevacizumab, which is a larger full -
length, recombinant, humanized, monoclonal antibody, for
intravenous treatment of metastatic colorectal cancer in 2004.

On the other hand,

humanized, monoclonal Fab fragment and was approved by

ranibizumab is a recombinant,

the FDA for the intravitreal treatment of neovascular AMD in
20061

with the Fab version of bevacizumab in primate and rabbit

Some studies compared full —length bevacizumab

eyes. These studies showed that Fab achieved to diffuse
subretinal space but IgG was not capable of passing through

5197 Hence, ranibizumab was thought as

inner retinal layers
a more effective treatment for CNV. There are many
multicenter controlled clinical trials that reported remarkable
results with ranibizumab in treatment of neovascular
AMD[8,12,17,]8-‘ .

The preference of anti— VEGF treatment mostly depended on
the cost — effectiveness and availability of the drug.
Ranibizumab seems to be considerably more expensive than
bevacizumab, despite similar benefits are provided by both
drugs. Although the safety and efficacy of bevacizumab has
not been well established, bevacizumab has been the drug of
choice because of its cost. There are several multicenter,
randomized ongoing clinical trials to compare the efficacy of
both drugs for treating neovascular AMD ( VIBERA
NCT00559715, IVAN CTEU Bristol, MANTA NCT00710229,
LUCAS NCT01127360 AND GEFAL NCTO1170767 trials ).
Recently, the Comparison of Age-related Macular Degeneration
Treatment Trials ( CATT) , which compared bevacizumab and
ranibizumab in fixed monthly or as — needed regimen of
treatment, have indicated similar efficacy of the two drugs.
On the other hand, pro re anta (PRN) dosing of bevacizumab
was found inferior compared to monthly dosing of ranibizumab
or bevacizumab'"?’. The purpose of our study was to compare
the efficacy of intravitreal ranibizumab and bevacizumab at
one year for the treatment of neovascular AMD using PRN
regimen.

SUBJECTS AND METHODS

Inthis retrospective, non — randomized and unicentric study

( Okmeydani Training and Research Hospital, Istanbul,
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Turkey ) , medical records of 63 patients with neovascular
AMD were reviewed. The study followed the tenets of the
Declaration of Helsinki and all patients signed an informed
consent. Patients were included in our study if they had
subfoveal CNV secondary to AMD diagnosed both clinically
and on fundus fluorescein angiography. Exclusion criteria
consisted of having a previous treatment for neovascular AMD
such as argon laser, photodynamic, or intravitreal anti-VEGF
therapy or having an accompanying ocular disease. Only the
right eye was included in patients who were diagnosed with
neovascular AMD in both eyes.

In the study, we included a total of 63 patients, 35 patients
treated with ranibizumab and 28 patients treated with
bevacizumab. Prior to treatment, all patients had undergone a
complete ophthalmic examination that included best corrected
visual acuity (BCVA) measurement with Snelling chart, slit—
lamp biomicroscopy, fundus examination, fundus fluorescein
angiography ( FFA) and spectral domain optical coherence
tomography (SD—-OCT) with Cirrus™ HD-OCT ( Carl Zeiss
Meditec, Dublin, CA, USA). OCT images included macular
cube and high definition raster scans that were obtained by the
same examiner. Foveal thickness was automatically calculated
by OCT mapping software and the images were interpreted by
an experienced examiner. CNV lesions were categorized
angiographically into predominantly classic, minimally classic
or occult with no classic.

Patients were treated with initial 3 monthly intravitreal
injections of 0. 5mg of ranibizumab or 1.25mg of bevacizumab.
Intravitreal injections were performed in an operating room
under sterile conditions. The eye was anesthetized with
proparacaine HCl 0. 5% drops and povidone iodine 5% was
applied over the injection site with a cotton—tipped applicator.
The drug was injected with a 30 — gauge needle into the
vitreous cavity through the pars plana, 3. 5mm in pseudophakic
and 4mm in phakic eyes posterior to the limbus. Topical
moxifloxacin was used for five days after the procedure. All
patients were re — evaluated typically one month after each
treatment. After the third injection, re — injection was
recommended for each patient on individual basis. The
indication for re —treatment was based on presence of new
macular hemorrhage , subretinal or intraretinal fluid on OCT or
leakage on FFA.

Statistical Analysis  Outcomes obtained from the study
included a baseline BCVA and CFT, BCVA and CFT at the
end of follow—up (12 months after first injection) , and total
number of injections administered over 1 year. Statistical
analysis was carried out using SPSS 20 ( SPSS Inc. , Chicago,
IL, USA). Two—tailed t—tests and one—way ANOVA were
used to compare mean changes in BCVA and CFT for different
groups. For statistical analysis, Snelling BCVA scores were
converted into the logarithm of minimum angle of resolution
(logMAR ). For comparison with number of letters ( Early
Treatment Diabetic Retinopathy Study [ ETDRS]) , a 0. 3logMAR
is equivalent to 3 lines or 15 letters. A P value of <0.05 was

considered statistically significant.
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RESULTS

Thirty —five eyes of 35 patients in the ranibizumab group and
twenty — eight eyes of 28 patients in the bevacizumab group
with a total of sixty—three eyes of 63 patients were included in
the study. The distribution of age and gender was similar in
both groups. In the ranibizumab group, mean age was (66.4+
7.2) years. There were 20 (57.1% ) male and 15 (42.9% )
female. Fifteen (42.8% ) patients were phakic and 20 (57.2% )
were pseudophakic. Of the patients treated with ranibizumab,
28. 6% had predominantly classic, 25. 7% had minimally
classic and 45. 7% had occult CNV. In the bevacizumab
group, mean age was (68.3+7.1) years. There were 13 (46.4% )
male and 15 (53.6% ) female. Eleven (39.3% ) patients
were phakic and 17 (60. 7% ) were pseudophakic. Of the
patients treated with bevacizumab, 42.9% had predominantly
classic, 25.0% had minimally classic and 32. 1% had occult
CNV. The characteristics at baseline of both groups are
summarized in Table 1.

In the ranibizumab group (n=35), mean logMAR equivalent
BCVA improved from 1.24+0. 52logMAR to 1. 14+0. 46logMAR
with a mean gain of 0. 1£0. 25logMAR (5 letters) (P=0.02). In
the bevacizumab group (n=28), mean logMAR equivalent
BCVA decreased from 0. 92 + 0. 45logMAR to 0. 98 =
0.5110gMAR, with a mean loss of 0. 06 £0. 25logMAR (3
letters) (P>0.05). There was statistically significant difference
between the two groups in the change of BCVA at the end of
12mo (P=0.01). Visual gain occurred in 48.6% (n=17)
of eyes treated with ranibizumab and 21.4% (n=6) of eyes
treated with bevacizumab. BCVA remained unchanged in
31.4% (n =11) in eyes treated with ranibizumab and
35.7% (n=10) of eyes treated with bevacizumab. BCVA
decreased in 20.0% (n=7) of eyes treated with ranibizumab
and 42.9% (n=12) of eyes treated with bevacizumab. At
12mo, 89% of the patients who were treated with ranibizumab
lost less than 0. 3logMAR ( <15 letters on the ETDRS chart) ,
as compared with 86% in the bevacizumab group. At 1 year
of follow—up, a gain of at least 0. 3logMAR ( =15 letters on
ETDRS chart) was observed in 37% of the patients in the
ranibizumab group and 14% of the patients in the
bevacizumab group. In addition, there were no statistically
significant differences between CNV lesion subgroups in terms
of change in logMAR BCVA in the ranibizumab and
bevacizumab groups (P>0.05). Mean logMAR BCVA for
each subtype ( predominantly classic, minimally classic and
occult lesions) of both groups are presented in Table 2.
Mean baselineCFT was statistically similar between the groups
(358.9+83. 4um in the ranibizumab group and 337. 1 %
55.5pm in the bevacizumab group; P>0.05). Mean final
CFT was 317.3+73. 7um in the ranibizumab group and 329.0+
57. 2pm in the bevacizumab group ( P > 0. 05). The
difference in the mean reduction of CFT between the groups
was statistically significant at 12mo of follow — wup
(ranibizumab; —41.6+47.5pum vs bevacizumab: —8. 1£39. 4pum,
P=0.003). There were no statistically significant differences

between CNV lesion subgroups in terms of change in CMT in

Table 1 Baseline characteristics of the patients x+s
. Ranibizumabgroup ~ Bevacizumabgroup
Variable
(n=35) (n=28)
Age (a) 66.4+7.2 68.3+7.1
Gender (% )
Male 57.1 46.4
Female 42.9 53.6
Laterality (% )
Right 37.1 53.6
Left 62.9 46.4
Lens status (% )
Phakic 42.8 39.3
Pseudophakic 57.2 60.7
Subtype of CNV lesion (%)
Predominantly classic 28.6 42.9
Minimally classic 25.7 25.0
Occult 45.7 32.1
Baseline BCVA (logMAR) 1.24+0.52 0.92+0.45
Baseline CFT (um) 358.9+83.4 337.1+55.5

CNV: Choroidal neovascularization; BCVA; Best — corrected visual acuity;

CFT. Central foveal thickness.

the ranibizumab and bevacizumab groups (P>0.05). Mean
CFT for each subtype ( predominantly classic, minimally
classic and occult lesions) of both groups are presented in
Table 2.

The mean number of injections performed in each eye was
(4.46+1.04) for the ranibizumab group and (4.11+1.45)
for the bevacizumab group over 12 months. There was no
statistically significant difference between two groups (P>0.05).
Following the first 3 injections, a dry macula was achieved in
6 (17.1% ) and 5 (17.8% ) of eyes in the ranibizumab and
bevacizumab groups, respectively. The number of injections
to obtain a dry macula in both groups is shown in Table 3.
None of the patients in both groups had major ocular
complications such as intraocular inflammation ,
endophthalmitis, retinal detachment, cataract, glaucoma or
systemic complications. Intraocular pressure ( IOP) values
were within the normal range (10 - 21mmHg) during the
follow —up period. Mild subconjunctival hemorrhage over the
site of injection was observed in 18% of all eyes.

DISCUSSION

In this non — randomized, single — center, retrospective
analysis, ranibizumab was found to achieve slightly better
results than bevacizumab for the management of neovascular
AMD. In the ranibizumab group, themean gain in BCVA was
around 5 letters with a number of nearly 4 injections at 12
months. On the other hand, there was a mean loss of
approximately 3 letters with a mean number of nearly 4
injections at 12mo in the bevacizumab group though this
decrease was not statistically significant.

In our study, visual outcomes of eyes treated with ranibizumab
are compatible with the results of randomized, multicenter
clinical trials such as MARINA, ANCHOR and PIER. A

comparable proportion of patients who had lost less than
0. 3logMAR at the end of the follow—up was seen(89% , as
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Table 2 Mean BCVA of each CNV lesion subgroup

Ranibizumab Bevacizumab
Variable
PC MC Occ PC MC Occ
BCVA at baseline (logMAR) 1.44+0.62 1.10+0.51 1.20=+0. 46 0.98+0.49 0.93+0.46 0.82+0.43
BCVA at 12mo (logMAR) 1.28+0.52 1.15+0.44 1.05+0. 44 1.12+0.62 0.89+0.53 0.85+0.29
CFT at baseline (m) 351.2+72.4 385.6+81.3 348.7+92.2 351.1+60.2 341.6+64. 1 314.8+37.3
CFT at 12mo ( pm) 304.5+44.7 343.4+90. 1 310.6+78.8 351.8+68.9 324.3+53.0 302.1£28.1

BCVA. Best—corrected visual acuity; CFT: Central foveal thickness; PC: predominantly classic; MC: minimally classic; Occ: occult.

Table 3 Number of injections to obtain a dry macula n(% )
Number of injections Ranibizumab Bevacizumab

3 6 (17.1) 5 (17.8)

4 15 (42.9) 8 (28.6)

5 6 (17.1) 6 (21.4)

6 8 (22.9) 7 (25.0)

7 0 (0) 1(3.6)

8 0 (0) 1(3.6)
Mean+SD 4.46+1.04 4.11+1.45

compared to 94. 6% in the MARINA study; 96.4% in the
ANCHOR study; 90. 2% in the PIER study) "', Our
results are also similar with those of the PrONTO study, in
which 95% of eyes lost less than three lines of vision, 35%
gained three or more lines, with a mean of 5.6 injections =" .
Additionally, a dry macula was obtained after the first 3
monthly injections in 17% of our patients in both groups
during the 12mo follow—up.

Withthe increase in the number of patients seeking treatment
for neovascular AMD, there has been great debate about the
efficacy and safety of ranibizumab and bevacizumab. So far,
there had been some large, double — blinded, multicentric
randomized clinical trials presenting ranibizumab as the only
drug to improve mean BCVA in patients with neovascular
AMD[8,17,28] .
cheaper than ranibizumab, demonstrated encouraging results

in the CATT trial®’, ABC trial"®’ and some published case

series,, many ophthalmologists are concerned about its efficacy
9,11,20

Although bevacizumab, which is considerably

and safety' ! There are some larger, randomized ongoing
clinical trials comparing the two anti-VEGF drugs.

In most published papers, ranibizumab and bevacizumab were
investigated separately regarding the efficacy and safety of the
two molecules. The only head —to—head comparison between
the two drugs was carried out in the CATT, which was a
multicenter, non—inferiority study comparing ranibizumab and
bevacizumab in monthly or PRN regimens of treatment. The
results indicated that both molecules can achieve visual
improvement; yet, bevacizumab was shown to be more
profitable than ranibizumab. The main outcome of the CATT
was that monthly dosing of bevacizumab compared to
ranibizumab was non —inferior; however the PRN regimen of
bevacizumab was not found non — inferior'®’. Although no
difference in VA scores between ranibizumab and bevacizumab
groups was found in the CATT study, our study showed BCVA

improvement of 0. 10logMAR in the ranibizumab group, but
800

worsening in BCVA by 0. 06logMAR in the bevacizumab group
after 12mo. The proportion of patients who had lost less than
0.3logMAR at the end of the 12mo was similar in the two
groups comparing to those of CATT study (89% and 86% uvs

95.4% and 91. 5%).
patients had a gain of at least 0. 3logMAR in the ranibizumab

Moreover, a higher proportion of

group comparing to bevacizumab group (37% wvs 14% ). In

contrast to CATT'™' and other studies™™’,

there was a
significant difference in the mean change of CFT between the
two groups with the same regimen of treatment.

Comparison of outcomes after switching treatment from
bevacizumab to ranibizumab in neovascular AMD was reported
by Kent et al". The study showed that there had been a
significant improvement in BCVA and CFT in patients with
After

switching to ranibizumab, there had been a further significant

neovascular AMD initially treated with bevacizumab.

improvement in BCVA and a decline in retinal thickness. It
was shown that ranibizumab can maintain, or improve the
effect achieved after an initial course of bevacizumab'™’.

In our study, ranibizumab yielded better results at 12mo.
Some authors believe that ranibizumab is more effective than
bevacizumab due to ranibizumab being asmaller molecule and
having capacity to penetrate retina more easily than
bevacizumab. In a retrospective study, Chang et al™’ found
that ranibizumab treated eyes were more likely to have
improvement in OCT parameters in the short —term. On the
other hand, bevacizumab is believed to have longer — term
effects than ranibizumab, due to slower clearance from the eye

B Some researchers concluded that

because of its larger size
patients who developed tachyphylaxis to one treatment may
respond well to another treatment. Gasperini et al" found
that 81% cases had shown some response after switching
therapies'™ . In a retrospective study, Aslankurt et al'*
demonstrated that switching bevacizumab to ranibizumab had
been superior to switching ranibizumab to bevacizumab'* .
There are some limitations to our study. The data were
collected retrospectively from a single—center with a relatively
small sample size, that is not sufficient to have a strong
opinion about efficacy and safety.

In conclusion, there are many factors which may influence the
efficacy and safety of the two drugs. Although, the choice of
drug should target improving the quality of life of patients with
AMD in the first place, economical issues may also be
considered. An approach based on the needs and clinical
picture of a patient appears to be appropriate for the treatment

of neovascular AMD.
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