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ABSTRACT

Introduction: The REal life assessmENt of safety
And effeCTiveness of Razumab (RE-ENACT) and
long-term RE-ENACT 2 retrospective studies
have evaluated the use of RazumabTM (world’s
first biosimilar ranibizumab) in retinal disorders
in Indian patients. This report presents the
subgroup analysis from the RE-ENACT 2 study
in patients with wet age-related macular
degeneration (wet AMD).
Methods: Medical charts of patients adminis-
tered biosimilar ranibizumab injections as PRN
treatment regimen between September 2015
and June 2018, at 17 centers across India, were
reviewed. Changes from baseline in best-cor-
rected visual acuity (BCVA, based on Snellen’s
or logMAR chart), central subfield thickness
(CSFT), intraocular pressure (IOP), and

proportions of patients having intraretinal fluid
(IRF) and subretinal fluid (SRF) at weeks 4, 8, 12,
16, 20, 24, 30, 36, and 48 were evaluated.
Results: Of 103 patients with wet AMD, 62.1%
were men and the majority (74.8%) were treat-
ment naı̈ve. The majority (57.9%) of the
patients had received 3 (range 1–5) injections.
Significant improvements were observed from
baseline to all timepoints for BCVA (baseline,
0.92 ± 0.6 [n = 94]; week 48, 0.51 ± 0.4
[n = 14]; P = 0.0014) and CSFT (baseline,
430.83 ± 14.4 [n = 85]; week 48, 301.26 ± 11.6
[n = 15]; P\ 0.0001). Changes in IOP from
baseline to 48 weeks were minimal and not
significant (14.92 ± 3.2 [n = 94] vs. 14.50 ± 2.1
[n = 18]; P = 0.9068). A decrease in proportions
of patients having IRF (baseline, 63.6% [n = 99]
vs. week 48, 15% [n = 20]) and SRF (baseline,
82.3% [n = 96] vs. week 48, 5% [n = 20]) were
also observed. Similar results were observed for
occult and classic subgroups. There were no new
safety concerns.
Conclusion: Razumab (biosimilar ranibizumab)
demonstrated improvements in visual acuity
and disease outcomes in patients with wet age-
related macular degeneration without new
safety issues.
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Key Summary Points

AMD accounts for 1.7–3.3% of all
blindness diagnosed in India.

Ranibizumab is an agent approved by the
US Food and Drug Administration (FDA)
and European Medicine Agency (EMEA)
for the treatment of wet AMD.

Biosimilar ranibizumab, RazumabTM,
approved by the Drug Controller General
of India (DCGI) in 2015, provides a cost-
effective alternative, which is accessible to
Indian patients.

This report presents the effectiveness of
Razumab in patients with wet AMD
treated in a real-world setting.

Razumab (biosimilar ranibizumab)
demonstrated improvements in visual
acuity and disease outcomes in patients
with wet AMD without new safety issues.

INTRODUCTION

The third most common cause of blindness
(after cataract and glaucoma), age-related mac-
ular degeneration (AMD, 8.7% of all blindness),
affects the macular region of elderly patients
(over 60 years old) [1, 2]. Wet AMD is charac-
terized by neovascularization spreading to the
subretinal pigment epithelium or subretinal
space, and increased presence of intraretinal
fluid (IRF) or subretinal fluid (SRF) [3–6]. AMD is
classified as ‘‘wet’’ and ‘‘dry’’ types [2]. Dry AMD
precedes wet AMD (also known as neovascular
AMD) through choroidal neovascularization
(CNV), in which abnormal blood vessels from
the choroid develop in or under the retina [7].
CNV and related exudation, bleeding, and dis-
ciform scarring are responsible for more than
80% of vision loss in AMD. Wet AMD can be
further categorized into classic, occult, or mixed
types [8].

Of all patients with AMD, 10–15% cases are
wet AMD, which accounts for approximately
90% of blindness due to this disease [9]. In
developing countries like India, a rapid increase
in ageing population may be an indicator of
emerging public health problems associated
with old age such as AMD (prevalence
3.1–10.6%) [10]. Population-based surveys have
revealed that AMD accounts for 1.7–3.3% of all
blindness diagnosed in India [11].

Vascular endothelial growth factor (VEGF) is
an important cytokine in the pathogenesis of
CNV. Anti-VEGF agents have shown favorable
treatment outcomes, as compared with the
previous treatment options like thermal laser
photocoagulation and photodynamic therapy
(PDT) with intravenous verteporfin, and have
become the standard treatment for wet AMD
[1, 12–14].

Ranibizumab is approved by the US Food and
Drug Administration (FDA) and European
Medicine Agency (EMEA) for the treatment of
wet AMD. The efficacy and safety of ranibizu-
mab in the treatment of several retinal disorders
including wet AMD have been established in
earlier prospective, randomized, double-masked
clinical trials. The US FDA approval of ranibi-
zumab for the treatment of visual impairment
due to wet AMD was based on the results from
the two pivotal phase 3 MARINA [15] and
ANCHOR [16] studies.

The world’s first biosimilar ranibizumab
RazumabTM was developed by Intas Pharma-
ceuticals Ltd. to provide a cost-effective alter-
native which is accessible to patients with
retinal disorders [17], and it was approved by
the highest Indian regulatory body, the Drug
Controller General of India, in 2015. A
prospective study has demonstrated the efficacy
and safety of biosimilar ranibizumab in Indian
patients with chorioretinal vascular diseases
including wet AMD [18].

A previous retrospective, multicenter, obser-
vational study, REal life assessmENt of safety
And effeCTiveness of Razumab (RE-ENACT),
established the use of biosimilar ranibizumab
for the treatment of retinal disorders in a real-
world clinical setting [19–21]. The RE-ENACT 2
study generated long-term data on the use of
biosimilar ranibizumab. The current report
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presents the subgroup analysis of the RE-
ENACT 2 study in Indian patients with wet
AMD.

METHODS

Data of patients with wet AMD of either sex,
aged at least 18 years old, who received
biosimilar ranibizumab injections (0.5 mg or
0.05 mL as PRN regimen) for the treatment of
wet AMD between September 2015 and June
2018 at 17 centers across India were retrospec-
tively analyzed. Wet AMD was defined and
clinically diagnosed by the presence of chor-
oidal neovascular membrane along with its
sequelae, such as focal areas of retinal pigment
epithelium (RPE) loss, subretinal or sub-RPE
hemorrhage or serous fluid, and subretinal
fibrosis. Both, treatment-naı̈ve and patients
previously treated with other anti-VEGF/ster-
oids/laser treatment were included in this study.
Patients in whom assessment of optical coher-
ence tomography (OCT) results were not avail-
able (i.e., dense cataract) were excluded.
Razumab (biosimilar ranibizumab) PRN treat-
ment regimen was guided by disease activity
criteria. Disease activity was defined as visual
impairment attributable to increase in
intraretinal or subretinal fluid, or active leakage
from the CNV lesion as compared to the previ-
ous visit findings. Razumab treatment was dis-
continued if no disease activity was observed.
The treatment was resumed if the disease
activity criteria were fulfilled.

Ethics committee approval was obtained to
conduct this retrospective study (OM Ethics
Committee, Ahmedabad, Gujarat, India) and
the study was performed in accordance with the
ethical standards as laid down in the 1964
Declaration of Helsinki and its later amend-
ments or comparable ethical standards.

The study endpoints included change from
baseline to weeks 4, 8, 12, 16, 20, 24, 30, 36, and
48 in the best corrected visual acuity (BCVA,
measured by Snellen’s chart or the logMAR
chart), central subfield thickness (CSFT, mea-
sured by spectral-domain OCT [SD-OCT]), and
intraocular pressure (IOP). The decrease in the
proportion of patients with IRF and SRF,

measured by SD-OCT, from baseline to each
timepoint was also evaluated. Two-tailed paired
t test was used to analyze BCVA and CSFT, while
v2 test was used for IRF and SRF. All statistical
analyses were done using SAS� 9.4.

RESULTS

Patient Disposition and Demographics

A total of 103 patients with wet AMD were
included in this subgroup analysis; 62.1% were
men and the majority (74.8%) were treatment
naı̈ve. The majority of the patients had received
3 (range 1–5) biosimilar ranibizumab injections
(73.8%) and the majority of the patients had
hypertension (51.5%) and diabetes (22.3%). The
most common wet AMD subtype was classic
(n = 72, mean age 67.4 ± 8.4 years, men 62.5%)
followed by occult (n = 13, mean age
63.6 ± 12.2 years, men 46.2%) and minimally
classic (n = 8, mean age 65 ± 9.7 years, men
75%). The baseline BCVA values were available
in 94 (classic 66, occult 13, minimally classic 4)
patients and CSFT in 85 (classic 69, occult 13,
minimally classic 3) patients, respectively. The
treatment effects were observed up to 48 weeks.
Table 1 represents the patient disposition and
baseline characteristics.

Best Corrected Visual Acuity
The mean ± SE BCVA improved significantly
(P\0.05) from baseline to all timepoints
(baseline, 0.92 ± 0.06; week 48, 0.51 ± 0.08)
indicating improved visual acuity. A slight
decrease in BCVA improvements were observed
from weeks 20 to 30 compared to previous
weeks, though these improvements were sig-
nificant as compared with baseline; thereafter
improvements were again observed till the last
visit (Fig. 1). Figure 2 represents the mean
change in BCVA from baseline at each time-
point. The majority (73.8%) of the patients had
received three biosimilar ranibizumab injec-
tions with significant improvements (P\ 0.05)
seen in BCVA at all timepoints. A maximum of
five injections were administered and the
improvements were observed up to 48 weeks.
The change in mean BCVA from baseline to all
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timepoints did not differ significantly when
evaluated for treatment-naı̈ve vs. previously
treated patients (Online Resource 1), except at
weeks 4 and 20, where the changes were sig-
nificant in favor of treatment-naı̈ve patients.

The improvements in the BCVA were signif-
icant (P\ 0.05) from baseline to 48 weeks for
classic (baseline, 0.98 ± 0.08; week 48,
0.50 ± 0.1) and occult (baseline, 0.69 ± 0.18;
week 48, 0.54 ± 0.24) subgroups (Fig. 3).

Central Subfield Thickness
A significant (P\0.05) decrease in the CSFT
scores indicating improved disease condition
was observed from baseline (430.83 ± 14.4) to
48 weeks (301.26 ± 11.6) (Fig. 4). Figure 5 rep-
resents the mean change in CSFT from baseline
at each timepoint. Improvements in CSFT were
continuous till the 20th week (5th injection),
after which a slight decrease in the improve-
ment was observed compared to previous
weeks. There were significant improvements
(P\0.05) in CSFT from baseline to all time-
points in patients who received three biosimilar
ranibizumab injections. The change in mean
CSFT from baseline to all timepoints did not
differ significantly when evaluated for treat-
ment-naı̈ve vs. previously treated patients (On-
line Resource 2), except at weeks 8 to 20, where
the changes were significant in favor of treat-
ment-naı̈ve patients.

The decrease in CSFT was significant
(P\0.05) from baseline to 48 weeks when
analyzed for classic (449.67 ± 18.26 vs.
306.40 ± 12.46) and occult subgroups
(375.08 ± 20.63 vs. 275.00 ± 42.45) (Fig. 6).

Intraretinal Fluid and Subretinal Fluid
A significant (P\ 0.05) reduction in the pro-
portion of patients having IRF or SRF from
baseline to all timepoints was observed, indi-
cating improved disease condition. The pro-
portions of patients having IRF at baseline and
at weeks 4, 8, 12, 16, 20, 24, 30, 36, and 48 were
63.6%, 46.3%, 39.5%, 33.8%, 19%, 12.5%, 15%,
3.8%, 9.5%, and 15%, respectively. Similarly,
the proportions of patients having SRF at base-
line and at weeks 4, 8, 12, 16, 20, 24, 30, 36 and
48 were 82.3%, 69.2%, 44.7%, 28.8%, 6.9%,
10.4%, 12.5%, 11.5%, 4.8%, and 5%, respec-
tively. The proportions of patients with IRF and
SRF present or absent at each follow-up are
presented in Online Resource 3.

Table 1 Patient disposition and baseline characteristics

Parameters Biosimilar ranibizumab
(N = 103)

Age, years (mean ± SD) 67.2 ± 9.02

Gender

Men 64 (62.1)

Women 39 (37.9)

Wet AMD subgroup, n (%)a

Classic 72 (69.9)

Occult 13 (12.6)

Minimally classic 8 (7.8)

Eye treated, n (%)

Left 50 (48.5)

Right 53 (51.5)

Phakic vs. pseudophakic eye, n (%)

Phakic eye 46 (44.7)

Pseudophakic eye 57 (55.3)

Treatment, n (%)a

Treatment naı̈ve 77 (74.8)

Previously treated 18 (17.5)

Baseline BCVA score, logMAR,
mean ± SDb

0.92 ± 0.6

Baseline CSFT, lm, mean ± SDb 430.83 ± 14.4

Baseline IOP, mmHg, mean ± SDb 14.92 ± 3.2

Baseline SRFa

Present, n (%) 79 (82.3)

Absent, n (%) 17 (17.7)

Baseline IRFa

Present, n (%) 63 (63.6)

Absent, n (%) 36 (36.4)

AMD age-related macular degeneration, BCVA best corrected visual
acuity, CSFT central subfield thickness, IRF intraretinal fluid, SD stan-
dard deviation, SRF subretinal fluid, VEGF vascular endothelial growth
factor
a Data not available for 10 patients in wet AMD subgroup, 8 patients for
treatment-naı̈ve vs. previously treated eye, 7 patients for baseline SRF, and
4 patients for baseline IRF
b Baseline scores for BCVA available in 94 patients, CSFT in 85 patients,
and IOP in 94 patients
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Intraocular Pressure
The changes in mean IOP scores observed from
baseline (14.92 ± 3.2 [n = 94]) to 48 weeks
(14.50 ± 2.1 [n = 18]) were ± 1 mmHg at most
of the timepoints, which were not significant.
Similarly, the changes were not significant from
baseline to all timepoints in patients who

received three biosimilar ranibizumab injec-
tions. When evaluated for treatment-naı̈ve vs.
previously treated patients, changes in mean
IOP from baseline to all timepoints did not
differ significantly. The changes in IOP from
baseline were minimal, and not significant,
when analyzed for classic and occult subgroups.
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DISCUSSION

Wet AMD is a chronic, progressive disease of the
central retina and a major cause of irreversible

vision loss worldwide [22]. In wet AMD, over-
expression of VEGF is known to be associated
with neoangiogenesis, which is related to the
pathogenesis of wet AMD [22, 23].
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Ranibizumab, a recombinant humanized mon-
oclonal antibody fragment (Fab), can inhibit
the growth of blood vessels by binding to all

isoforms of VEGFA [23]. Improvements in visual
acuity have been reported with ranibizumab to
a greater extent than standard treatments such
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as laser and photodynamic therapy with verte-
porfin [24].

Ranibizumab was associated with significant
improvements in visual acuity and was well
tolerated in the treatment of wet AMD in two
pivotal phase 3 MARINA [15] and ANCHOR
studies [16]. The regulatory approval of ranibi-
zumab for wet AMD was based on these studies,
which showed improvement in visual acuity
over 12 months with monthly dosing.

Razumab, the world’s first biosimilar ranibi-
zumab, has shown effectiveness for various vit-
reoretinal disorders in both prospective [18] and
retrospective real-world studies [19]. The RE-
ENACT (n = 561) study, a multicenter, retro-
spective study, strengthened the effectiveness of
biosimilar ranibizumab in vitreoretinal disor-
ders in Indian patients in routine clinical set-
tings. Significant improvements were seen with
various visual parameters including BCVA,
central macular thickness, IRF, and SRF with
biosimilar ranibizumab injections (three injec-
tions) for 3 months.

The RE-ENACT study had a short-term
(12 weeks) treatment duration and evaluated
the use (effectiveness measured by improve-
ments in BCVA, CMT, IRF, and SRF) of biosim-
ilar ranibizumab in wet AMD, diabetic macular
edema (DME), and retinal vein occlusion (RVO)
in routine clinical settings. The RE-ENACT 2
(n = 341) study was conducted to evaluate the
use (effectiveness measured by improvements in
BCVA, CSFT, IRF, and SRF) of biosimilar rani-
bizumab for a longer term (48 weeks) in patients
with wet AMD, DME, RVO and patients with
myopic choroidal neovascularization (CNV),
who were not evaluated in the previous RE-
ENACT study. Additionally, the RE-ENACT 2
study evaluated the patients who had received
up to five biosimilar ranibizumab injections,
whereas the previous RE-ENACT study evalu-
ated the patients who had received three
biosimilar ranibizumab injections. The current
report presents the subgroup analysis of the RE-
ENACT 2 study in patients with wet AMD,
which demonstrated significant improvements
in visual acuity and disease outcomes with
biosimilar ranibizumab.

In this study, significant improvements in
the logMAR BCVA scores after biosimilar

ranibizumab treatment from baseline to
48 weeks were observed, consistent with the
subgroup analysis of the RE-ENACT study in
patients with wet AMD, which showed signifi-
cant improvements in BCVA from baseline to
12 weeks [21]. The subgroup analysis in the
current report demonstrated significant
improvements in BCVA values in both classic
and occult patients. The long-term sustained
benefits of ranibizumab in the treatment of wet
AMD were reported in the MARINA and
ANCHOR studies. Improvements in visual acu-
ity with ranibizumab treatment was reported at
12 months to 24 months in the randomized,
double-blind MARINA trial (n = 716) [15], and
at 12 months in the randomized, double-blind
ANCHOR trial (n = 423) [16]. A single-center,
retrospective, observational study (n = 121)
showed significant improvements (P\ 0.001)
in mean BCVA from baseline to 12 months
(43.2 ± 19.3 vs. 51.7 ± 20.1) in patients with
wet AMD [25]. Significant improvement in log-
Mar BCVA with ranibizumab treatment was
reported by Figurska and Stankiewicz from
baseline (0.73 ± 0.27) to 12 months
(0.58 ± 0.26) in 25 patients with exudative
AMD, where only three injections of ranibizu-
mab were administered [26]. Another retro-
spective study showed a significant increase in
the mean BCVA scores from baseline to
12 months (0.78 ± 0.33 vs. 0.61 ± 0.39,
P\ 0.001) in patients with exudative AMD
(n = 79) [27]. These results are similar to those
observed in our study where the majority of the
patients received three biosimilar ranibizumab
injections and the improvements in BCVA were
observed up to 48 weeks.

Ranibizumab treatment is associated with
improvement of vision accompanied by a sta-
bilization or reduction in CSFT [28]. The sub-
group analysis in both classic and occult
patients demonstrated similar results in this
study with a significant reduction in the CSFT
values. Significant reductions in CSFT with
biosimilar ranibizumab were observed in this
study at all timepoints starting at 4 weeks to
48 weeks. The mean change from baseline to
48 weeks in CSFT was - 129.57 lm, whereas the
TREND study showed a mean change of -

173.3 lm in CSFT with monthly ranibizumab
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treatment (n = 287). The improvements in CSFT
were reported throughout the 12-month follow-
up period [29], similar to that observed in our
study. The phase 3, double-masked MINERVA
study showed a comparable mean change of -

102.7 lm in CSFT at 12 months with ranibizu-
mab treatment (n = 119) [28].

An increase in IOP is reported after ranibi-
zumab injection in patients with wet AMD [30].
Freund and colleagues reported less than
1 mmHg change in the IOP from baseline to
48 weeks, which lasted up to 96 weeks of follow-
up, in the VEGF Trap-Eye: Investigation of Effi-
cacy and Safety in Wet AMD (VIEW) 1 and 2
studies, which were randomized, active-con-
trolled phase 3 trials (n = 2457) [31]. Similar
results with minimal change in IOP (± 1 mmHg
at most timepoints) were observed in our study.

According to the Comparison of Age-related
Macular Degeneration Treatments Trials
Research Group, ranibizumab treatment effec-
tively reduced the proportion of patients with
IRF and SRF starting at 4 weeks, which was
maintained up to 2 years of follow-up [32]. A
multicenter, randomized, 24-month, phase 4,
single-masked, non-inferiority clinical trial by
FLUID investigators demonstrated a decline in
the IRF and SRF with ranibizumab treatment
throughout the study period of 2, 12, and
24 months [33], similar to the results obtained
in the current report with decrease in the pro-
portion of patients with IRF and SRF through-
out the study.

Overall, there were no significant differences
in BCVA, CSFT, IOP, IRF, and SRF when evalu-
ated for treatment-naı̈ve vs. previously treated
patients. Overall, this subgroup analysis
demonstrated no new safety concerns with
biosimilar ranibizumab in patients with wet
AMD than those reported with innovator
ranibizumab.

The major limitation of this study included
its retrospective nature because of which com-
plete information pertaining to previous treat-
ments, ischemia, bilaterality and severity of the
disease, and adverse events could not be pre-
sented as they were not captured in the medical
records. Also, the data on effectiveness param-
eters were not available for all patients at all
timepoints, and the number of patients at each

timepoint is mentioned in the respective fig-
ures. Overall, no new safety concerns compared
to the innovator ranibizumab were observed.
The visual acuity was measured with logMAR/
Snellen’s charts in this study, which is consid-
ered inferior to the Early Treatment Diabetic
Retinopathy Study (ETDRS) charts, used com-
monly in controlled clinical studies [34].

CONCLUSIONS

The current subgroup analysis of patients with
wet AMD from the RE-ENACT 2 study showed
improvements in all parameters including best
corrected visual acuity, central subfield thick-
ness, and intraretinal and subretinal fluids. Even
with intravitreal injections of biosimilar rani-
bizumab, there was no clinically significant
increase in intraocular pressure. Though the
majority of the patients received only three
injections of biosimilar ranibizumab, the
improvements lasted up to almost a year, which
reinforces Razumab, the world’s first biosimilar
of ranibizumab, as an effective treatment option
in managing wet age-related macular
degeneration.
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