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Ranibizumab Followed by Bevacizumab for
Neovascular Age-Related Macular Degeneration:
Can Visual Acuity be Maintained?

Eksudatif Tip Yasa Baglh Makiila Dejenerasyonunda Tedaviye
Ranibizumab ile Baslayip Bevacizumab ile Devam Edildiginde
Gorme Keskinligindeki Degisim Siirdiirtilebilir mi?

Sengiil OZDEK?, Sibel DOGUIZI2

ABSTRACT

Purpose: To evaluate the efficacy of a loading dose of ranibizumab for three months followed by a pro re nata (PRN) dosing
regimen of bevacizumab for the treatment of neovascular age-related macular degeneration (AMD).

Material and Methods: The medical reports of patients with neovascular AMD treated with 3 monthly ranibizumab injec-
tions followed by bevacizumab PRN were reviewed retrospectively. Visual acuity (VA) assessed with an ETDRS chart and
central foveal thickness (CFT) determined with optical coherence tomography (OCT) were recorded at baseline and monthly
thereafter.

Results: Fifty-four eyes of 53 patients were involved in the study. The mean duration of follow-up was 10 months (range,
7-12 months). The mean VA was 1.07+0.51 logarithm of the minimum angle of resolution (logMAR) before treatment, which
increased to 0.91+0.64 logMAR at the 3rd month (p=0.04) and 0.89+0.66 logMAR at the last visit (p=0.034 vs. baseline).
VA was the same in 23 eyes (42.6%) and increased by at least 1 line (5 letters) in 25 (46.3%) eyes at the last visit. After
switching to bevacizumab, VA was maintained in 39 (72.2%) eyes and increased by at least one line in 8 (14.8%) eyes with
respect to values after ranibizumab loading. The mean CFT in OCT was 324.8+93.1 um before treatment, 256.3+35.4 pm
at the 3rd month (p=0.039 vs. baseline), and 242.35+34.13 pm at the last visit (p=0.031 vs. baseline). The mean number of
bevacizumab PRN injections was 0.42/eye/month.

Conclusion: The increase in VA obtained by the ranibizumab loading dose could be maintained with bevacizumab PRN
treatment in patients with neovascular AMD.
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Amag: Bu calismada eksudatif tip yasa baghh makula dejenerasyonu tanisi bulunan ve 3 doz yiikleme ranibizumab tedavisi
sonras1 gerektiginde bevacizumab tedavisine gecilen hastalarda tedavi sonuglarini belirlemek amaclanmigtir.

Gerec ve Yontem: Ilk 3 doz ranibizumab yiikleme tedavisi sonrasi gerektiginde bevacizumab tedavisine gecilen hastala-
rin dosyalar: retrospektif olarak incelenmistir. Gorme keskinligi ETDRS egeli ile ve santral foveal kalinlik Optik koherens
tomografi (OKT) ile degerlendirilen hastalarin kayitlar: tedavi 6ncesi ve takiplerde aylik belirlenmis ve kaydedilmistir. Ilk
3 ay 3 doz ranibizumab yiikleme tedavisi sonrasi takiplerde hastalar aylik degerlendirilmis ve gerektiginde bevacizumab
uygulanmastir.

Bulgular: Elliti¢ hastanin 54 gozii calismaya dahil edilmis olup ortalama takip siiresi 10 (min:7 max:12) aydir. Baslangig
gorme keskinligi 1.07+0.51 logMAR iken, 3.ayda 0.91+0.64 logMAR’a (p=0.04) ve son takipte 0.89+0.66 logMAR’ a (p=0.034)
artti. Son takipte baglangica gore gorme keskinligi 23 (%42.6) gozde ayni1 kalirken 25 (%46.3) gozde artis gosterdi (en az
bir sira, 5 harf). Bevacizumab tedavisine gecildikten sonra ise gorme keskinligi yiikleme doz uygulandiktan sonraya gore
39 (%72.2) gozde sabit kalirken 8 (%14.8) gozde en az bir sira artti1. Tedavi oncesinde ortalama Optik Koherens Tomografi
(OKT) ile degerlendirilen Santral Foveal Kalinlik (SFK) 324.8+93.1 um iken, 3. ayda 256.3+35.4 um olarak (p=0.039 basg-
langica gore), son kontrolde 242.35+34.13 nm (p=0.031 baslangica gore) olarak belirlendi. Gerektiginde tedavi déneminde
ortalama bevacizumab uygulama sayisi 0.42/goz/ay olarak saptanmistir.

Sonug: Sonug olarak ilk ti¢ doz yiikleme ranibizumab tedavisi ile elde edilen gorme keskinligindeki artis sonrasindaki ta-
kiplerde gerektiginde bevacizumab uygulamasi ile hastalarin ¢gogunda korunabilmistir.

Anahtar Kelimeler: Bevacizumab, ranibizumab, gorme keskinlig, makiila dejenerasyonu.
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INTRODUCTION

Age-related macular degeneration (AMD) is the lead-
ing cause of blindness in persons over the age of 50
years in developed countries.? Treatment options for
neovascular AMD are limited, but anti-vascular en-
dothelial growth factor (anti-VEGF) therapies are the
latest approach for treating this disease.

The most commonly used VEGF antagonists are ra-
nibizumab (Lucentis®) and bevacizumab (Altuzan®),
which are both monoclonal antibodies against VEGF
that bind the protein at the same site and neutralize
all known biologically active forms.?

Ranibizumab, which inhibits all biologically active
forms of VEGF, was shown to be safe and highly ef-
fective for the treatment of neovascular AMD in two
Phase III randomized and controlled clinical trials
(MARINA and ANCHOR). The drug was subsequent-
ly approved for the treatment of neovascular AMD
by the USA Food and Drug Administration (FDA) in
2006 based on the results of those trials.*?

In contrast to ranibizumab, bevacizumab was not
originally developed for the treatment of AMD and is
currently not approved for this indication. Although
bevacizumab received FDA approval in 2004 for the
treatment of metastatic colorectal cancer,? it has been
used as an off-label treatment for neovascular AMD
since 2005.% Importantly, bevacizumab is much more
cost effective than ranibizumab because of lower ac-
quisition costs.”

For a period of time in Turkey, the social security sys-
tem only reimbursed the first three loading doses of
ranibizumab for the treatment of neovasular AMD,
but not the continued maintenance doses.

Therefore, in order to be cost-effective in practice, pa-
tients in our clinic received three loading injections of
ranibizumab followed by bevacizumab maintenance
therapy pro re nata (PRN). In this study, we evalu-
ated the efficacy of bevacizumab administration PRN
after initial loading with ranibizumab in patients
with neovascular AMD.

MATERIAL AND METHODS

Study Design and Patients: The medical records
of patients who received three ranibizumab injec-
tions followed by bevacizumab PRN injections for the
treatment of neovascular AMD between May 2008
and January 2010 in our clinic at the Gazi University
School of Medicine, Department of Ophthalmology,
were reviewed retrospectively.

Inclusion criteria included treatment naive eyes with
a best corrected visual acuity (VA) 20/800 or more,
and that had been followed for at least 7 months.

The study was approved by the Institutional Ethics
Committee and conducted in accordance with the lat-
est version of the Helsinki Declaration. All patients
provided written informed consent for their medical
data to be used in the study.

Study Procedures: For the ophthalmological ex-
amination, we assessed the VA by determining the
best-corrected visual acuity (BCVA) with an ETDRS
chart, and the logMAR scale was used for compari-
sons. In addition, indirect ophthalmoscopy, central
foveal thickness (CFT) measurements by optical co-
herence tomography (OCT; OCT status, Carl ZEISS
MEDITEC, Dublin, CA), colored fundus photography,
and fluorescein angiography (FA) (before treatment
and when needed in subsequent indeterminate cases)
were also performed. The examinations were con-
ducted before treatment and monthly thereafter.

Lesion activity was assessed by changes in VA, CFT
in OCT, presence and amount of hemorrhage associ-
ated with the lesion, change in lesion size, and FA
staining pattern. The eye with active lesion was de-
scribed as the eye with visual acuity loss (at least 5
letters) with OCT evidence of intraretinal/subretinal
fluid in the macula or, an increase in the CFT in OCT
or a new macular hemorrhage associated with the
lesion, or an increase in the lesion size, or evidence
of late leakage of the lesion in FA. All retreatments
were performed using bevacizumab.

Study Treatment: Ranibizumab (0.5 mg/0.05 mL)
or bevacizumab (1.25 mg/0.05 mL) was administered
as an intravitreal injection in a standard aseptic fash-
ion. Topical anesthetic was applied followed by a 5%
povidone-iodine scrub to the conjunctiva, lids, and
lashes. After placement of an eyelid speculum, a ster-
ile 1 mL tuberculin syringe with a 30-gauge needle
was used for the injections. Ranibizumab was inject-
ed once per month for a total of 3 doses (0, 1%, and 2"
month), which represented the loading phase. Beva-
cizumab injections were administered PRN when the
lesion was determined to be active during the main-
tenance period.

Statistical Analyses: The study data were summa-
rized with descriptive statistics (meanzstandard de-
viation, number, and percentage). The mean VA and
CFT in OCT before treatment, at the 3" month (one
month after completion of the loading phase), and at
the last visit (after maintenance with bevacizumab
PRN) were compared by an analysis of variance (ANO-
VA) followed by a post-hoc test. The number of injec-
tions during bevacizumab PRN treatment were deter-
mined for each case. A commercially available software
package (Statistical Package for Social Sciences, SPSS
Inc., Chicago, Illinois, USA) was used for all statistical
analyses. A p value of less than 0.05 was considered to
indicate a statistically significant difference.
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Table 1: Basic demografhic and clinic characteristics of patient at baseline.

Gender (Male/Female, n) 29/24
Mean age (mean+SD, years) 74.1+8.1
Concomitant diseases (n) Hypertension 16
Diabetes mellitus 9
Cardiovaskuler diseases 8
Gundus fluorescein angiography findings (n) Occult lesions 19
Predominantly classic lesions 23
Minimal classic lesions 23

Optical coherence tomography findings

Fibrovaskuler pigment epithelial detachment 15

Scrous pigment epithclial detachment 2

Table 2: Visual acuity and central foveal thickness of patients (53 patients, 54 eyes) before the treatment, at months after the
treament (after completion of loading with ranibizumab), and at the last visit (after maintenance with PRN bevacizumab).

Pretreatment 3" month At the last visit p value?
Visual acuity (logMAR) 1.07+0.51 0.91+0.64 0.89+0.66 p=0.023
Central foveal thickness (um) 324.8+93.1 256.3+35.4 242.3+4.1 p=0.032

logMAR: logarithm of the minimal angle of resolution.
Data are presented as meanztstandart deviation.

“p values optained with ANOVA. For visual acuity, p=0.04 for pretreatment vs. 3'* month data and p=0.034 for pretreatment vs. last visit
data. For central foveal thicness, p=0.039 for pretreatment vs. 3" month data and p=0.031 for pretreatment vs. last visit data, and p=0.11

for 3 month vs. last visit.

RESULTS

Fifty-four eyes from 53 patients were analysed in the
study. Basic demographic and clinical characteristics
of patients at baseline are summarized (Table 1). The
mean VA before the treatment was 1.07+0.51 log-
MAR, which increased to 0.91+0.64 logMAR (p=0.04
vs. baseline) at the 3" month and to 0.89+0.66 logMAR
(p=0.034 vs. baseline) at the last visit. Similarly, the
mean CFT decreased steadily during follow-up from
324.80+93.12 ym at baseline to 256.34+35.40 pym at
the 3"* month (p=0.039 vs. baseline) and 242.35+34.13
nm at the last visit (p=0.031 vs. baseline), (Table 2).

After three months of loading with ranibizumab,
bevacizumab was administered for a mean duration
of 7 months (range, 4-9 months). The social security
system of Turkey only paid for the first three load-
ing doses of ranibizumab for a period of time, but at
the end of this period, the system began paying for
ranibizumab as a maintainence therapy. Therefore,
we were unable to extend the follow-up time for ra-
nibizumab maintenance therapy. The mean number
of bevacizumab injections was 0.42/eye/month at the
end of follow-up.

The mean number of gained letters in VA was 7.4+5.6
letters at the end of the 3**month and 7.7+5.4 letters
at the last visit (Graphic 1).

Compared to the VA at baseline, the VA was the same
in 23 (42.6%) eyes, increased by at least one line (5 let-
ters) in 25 (46.3%) eyes, and decreased by at least one
line in 6 (11.1%) eyes at the last visit. After switching
to bevacizumab therapy, the VA was maintained in
39 (72.2%) eyes, decreased by at least one line in 7
(13.0%) eyes, and increased by at least one line in 8
(14.8%) of the eyes at the last visit (Graphic 2).

Gained letters in visual acuity during follow-up
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Graphic 1: Mean number of gained letters in visual acu-
ity (VA) during 7 months of follow-up, of which the first 3
months were the loading phase with ranibizumab followed
by 4 months of a bevacizumab maintenance phase. Increased
vision is defined as a minimum of 5 letters of increase in VA.
Minus error bars show the standard deviation.
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Graphic 2: Change in visual acuity (VA) in the last visit (as
a percentage of patients) with respect to VA before or after
loading with ranibizumab. Increased vision denotes an in-
crease in VA by at least one line (5 letters), and decreased
vision denotes a decrease in VA by at least one line.

DISCUSSION

In this retrospective study, we evaluated the efficacy
of a loading phase of three monthly injections of ra-
nibizumab followed by a PRN bevacizumab protocol
for the treatment of neovascular AMD. The results
showed that the initial increase in VA following the
loading phase with ranibizumab could at least be
maintained with bevacizumab PRN treatment.

Ranibizumab was the first therapy shown by several
clinical trials to improve vision in patients with wet
AMD.34# Bevacizumab has been commonly used as an
off-label drug for the management of AMD because of
its lower cost and equivalent effectiveness.®!! Previ-
ous comparative studies have shown similar efficacy
of bevacizumab and ranibizumab in the treatment of
AMD.*>17In a prospective, double-blind, single-center,
controlled trial in 20 patients with AMD, bevacizum-
ab and ranibizumab showed similar improvement in
VA. In that study, the mean vision increased from
31.6 to 46.4 letters in the bevacizumab group and
from 30.4 to 37.4 letters in the ranibizumab group
at the 6th month compared to baseline, respectively
(p>0.05 for comparison between groups).'?

In addition, at the 1-year follow-up, there were no dif-
ferences between the study groups; however, the ra-
nibizumab group received a significantly lower mean
number of injections than the bevacizumab group (4
vs. 8 injections, respectively; p=0.001).1

In another comparative study from India in 104 eyes
with choroidal neovascular membrane secondary to
AMD, both ranibizumab and bevacizumab signifi-
cantly increased VA without any difference between
the treatment groups with respect to changes in VA
and CMT at the 18 month follow-up.®

Moreover, a recent systemic review based on random-
ized and controlled trials of the two drugs concluded
that both agents improved VA.*® The most recently
published head-to-head, randomized clinical trial by
the CATT Research Group, ranibizumab and beva-
cizumab were compared in 1208 patients with neo-
vascular AMD and a 1-year follow-up. In that study,
monthly injection of bevacizumab was found to be
equivalent to monthly injection of ranibizumab, with
8.0 and 8.5 letters gained in VA, respectively. Bevaci-
zumab administered PRN was also found to be equiv-
alent to ranibizumab PRN, with 5.9 and 6.8 letters
gained in VA, respectively. Thus, this large compara-
tive study showed that bevacizumab and ranibizum-
ab had equivalent effects on VA at 1 year follow-up
when administered according to the same schedule.!?

Although there are numerous head-to-head random-
ized studies comparing the effects of ranibizumab and
bevacizumab in AMD, data on the sequential use of
ranibizumab and bevacizumab are limited. Stepien et
al.,'® retrospectively evaluated 84 eyes with neovas-
cular AMD switched from bevacizumab (mean dura-
tion, 7.1 months) to ranibizumab (mean duration, 7.3
months) therapy and found no apparent differences
in VA or injection rates after switching therapy.

In the present study, we started treatment with a
loading phase of 3 monthly injections of ranibizum-
ab followed by a maintenance phase of bevacizumab
PRN for an average of 7 months thereafter. This
treatment schedule was based on the fact that the so-
cial security system in Turkey only covered the cost
for the first three monthly injections of ranibizumab
at the time the patients were treated.

Since most of the patients could not afford the cost of
ranibizumab for maintenance therapy, we practically
switched to bevacizumab PRN, which has a lower
cost for maintenance. Our results showed that VA in-
creased and CFT decreased significantly with 3 doses
of ranibizumab loading therapy, while bevacizumab
PRN treatment maintained the respective VA in-
crease and CFT decrease. Thus, loading with ranibi-
zumab and maintenance with bevacizumab PRN may
be an alternative to ranibizumab monotherapy while
providing the same efficacy and a lower cost.

This study has some limitations, including its retro-
spective nature and lack of a systemic safety assess-
ment of the drugs. Although numerous studies report-
ed clinical non-inferiority between bevacizumab and
ranibizumab,!*1” emerging data have suggested that
bevacizumab may have an unfavourable ocular and
systemic safety profile compared to ranibizumab.?%1°
Therefore, this incremental risk for both ocular and
systemic adverse events may have an impact on the
cost-effectiveness of bevacizumab.
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In conclusion, bevacizumab PRN, which has a much
lower cost than ranibizumab, can be administered to
maintain the increased VA obtained by ranibizumab
loading in patients with neovascular AMD. There-
fore, ranibizumab followed by a bevacizumab regi-
men may be a good alternative that provides a lower
cost than ranibizumab monotherapy. To the best of
our knowledge, this is one of the first studies to report
on a ranibizumab loading regimen followed by a beva-
cizumab maintenance regimen in neovascular AMD.
Based on these findings, further prospective stud-
ies with a larger sample size evaluating the efficacy,
safety, and cost-effectiveness of the sequential use of
ranibizumab and bevacizumab in the treatment of
neovascular AMD are warranted.

REFERENCES/KAYNAKLAR

1. Bressler NM, Bressler SB, Congdon NG, et al. Potential pub-
lic health impact of Age-Related Eye Disease Study results:
AREDS report no. 11. Arch Ophthalmology 2003;121:1621-4.

2.  Ergin A, Ersoy F, Edirne T. Age related macular degenera-
tion. T Klin J Med Sci 2001;21:438-40.

3. Yang JC, Haworth L, Sherry RM, et al. Randomized trial of bev-
acizumab, an anti-vascular endothelial growth factor antibody,
for metastatic renal cancer. N Engl J Med 2003;349:427-34.

4. Brown DM, Kaiser PK, Michels M, et al. Ranibizumab versus
verteporfin for neovascular age-related macular degeneration.
N Engl J Med 2006;355:1432-44.

5. Rosenfeld PJ, Brown DM, Heier JS, et al. MARINA Study
Group. Ranibizumab for neovascular age-related macular de-
generation. N Engl J Med 2006;355:1419-31.

6. Rosenfeld PJ, Moshfeghi AA, Puliafito CA. Optical coherence
tomography findings after an intravitreal injection of bevaci-
zumab (Avastin) for neovascular age-related macular degen-
eration.Ophthalmic Surg Lasers Imaging 2005;36:331-5.

7. Patel JJ, Mendes MA, Bounthavong M, et al. Cost-utility
analysis of bevacizumab versus ranibizumab in neovascular
age-related macular degeneration using a Markov model. J
Eval Clin Pract. 2012 ;18:247-55.

8. Steinbrook R. The price of sight-ranibizumab, bevacizumab,
and the treatment of macular degeneration. N Engl J Med
2006;355:1409-12.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Abouammoh M, Sharma S. Ranibizumab versus bevacizumab
for the treatment of neovascular age-related macular degen-
eration. Curr Opin Ophthalmol 2011;22:152-8.

Schmucker C, Ehlken C, Hansen LL, et al. Intravitreal beva-
cizumab (Avastin) vs. ranibizumab (Lucentis) for the treat-
ment of age-related macular degeneration: a systematic re-
view. Curr Opin Ophthalmol 2010;21:218-26.

Rich RM, Rosenfeld PJ, Puliafito CA, et al. Short-term safety
and efficacy of intravitreal bevacizumab (Avastin) for neovascu-
lar age-related macular degeneration. Retina 2006;26:495-511.

Martin DF, Maguire MG, Ying GS, et al. CATT Research
Group. Ranibizumab and bevacizumab for neovascular age-re-
lated macular degeneration. N Engl J Med 2011;364:1897-908.

Subramanian ML, Ness S, Abedi G, et al. Bevacizumab vs ra-
nibizumab for age-related macular degeneration: early results
of a prospective double-masked, randomized clinical trial. Am
J Ophthalmol 2009;148:875-82.

Subramanian ML, Abedi G, Ness S, et al. Bevacizumab vs
ranibizumab for age-related macular degeneration: 1-year
outcomes of a prospective, double-masked randomised clinical
trial. Eye (Lond) 2010;24:1708-15.

Mitchell P. A systematic review of the efficacy and safety out-
comes of anti-VEGF agents used for treating neovascular age-
related macular degeneration: comparison of ranibizumab
and bevacizumab. Curr Med Res Opin 2011;27:1465-75.

Biswas P, Sengupta S, Choudhary R, Home S, Paul A. Com-
parative role of intravitreal ranibizumab versus bevacizumab
in choroidal neovascular membrane in age-related macular
degeneration. Indian J Ophthalmol 2011;59:191-6.

Landa G, Amde W, Doshi V, et al. Comparative study of intra-
vitreal bevacizumab (Avastin) versus ranibizumab (Lucentis)
in the treatment of neovascular age-related macular degen-
eration. Ophthalmologica 2009;223:370-5.

Stepien KE, Rosenfeld PJ, Puliafito CA, et al. Comparison
of intravitreal bevacizumab followed by ranibizumab for the
treatment of neovascular age-related macular degeneration.
Retina 2009;29:1067-73.

Carneiro AM, Costa R, Falcdo MS, et al. Vascular endothelial
growth factor plasma levels before and after treatment of neo-
vascular age-related macular degeneration with bevacizumab
or ranibizumab. Acta Ophthalmol. 2012;90:25-30.



