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ABSTRACT

Introduction: The study aimed to evaluate
comparability in terms of efficacy, safety and
immunogenicity of Sun’s ranibizumab biosimi-
lar with reference ranibizumab in patients with

neovascular age-related macular degeneration
(nAMD).
Methods: This prospective, randomised, dou-
ble-blind, two-group, parallel-arm, multicentre,
phase 3 comparative study included patients
with nAMD C 50 years, randomised (in a 2:1
ratio) in a double-blind manner to receive
0.5 mg (0.05 mL) intravitreal injection of either
Sun’s ranibizumab or reference ranibizumab in
the study eye every 4 weeks until week 16 (total
of four doses).
Results: Primary endpoint results demon-
strated equivalence in the proportion of
patients who lost fewer than 15 letters from
baseline best-corrected visual acuity (BCVA) to
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the end of week 16 (99% of patients in Sun’s
ranibizumab and 100% in reference ranibizu-
mab; p[ 0.9999), with the proportional differ-
ence (90% confidence interval) at -1% (-2.51,
?0.61) lying within a pre-specified equivalence
margin. Visual acuity improved by 15 or more
letters in 43% of Sun’s ranibizumab group and
37% of the reference ranibizumab group
(p = 0.4267). The mean increase in BCVA was
15.7 letters in Sun’s ranibizumab group and
14.6 letters in the reference ranibizumab group
(p\ 0.001 within both groups and p = 0.5275
between groups). The mean change in central
macular thickness was comparable between
groups (p = 0.7946). Anti-ranibizumab antibod-
ies were found in one patient of the reference
ranibizumab group, while neutralising anti-
bodies were not found in any patients. Both
products were well tolerated.

Conclusion: Sun’s ranibizumab biosimilar is
found to be therapeutically equivalent to refer-
ence ranibizumab in patients with nAMD.
There were no additional safety or immuno-
genicity concerns.
Trial Registration: CTRI/2020/09/027629, reg-
istered on 07 September 2020.

Keywords: Biosimilar ranibizumab; Innovator
ranibizumab; Neovascular age-related macular
degeneration; Anti-VEGF
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Key Summary Points

Why carry out this study?

Ranibizumab, a recombinant, humanised,
monoclonal antibody fragment, is an
approved drug for treatment of
neovascular age-related macular
degeneration (nAMD). Lack of insurance
coverage for intravitreal injections and
catastrophic out-of-pocket expenditure in
India leads to a major issue of affordability
and accessibility of such treatments.

The Vitreo Retina Society of India survey
on biosimilars observed an increase in the
use of ranibizumab biosimilar by retina
physicians in India, with over 100,000
injections used up to 2020.

Increasing the affordability and
accessibility of ranibizumab while
maintaining the utmost quality and safety
is an important public health need.
Therefore, this double-blind, comparative,
phase 3 clinical trial aimed to assess the
efficacy, safety and immunogenicity of
Sun’s ranibizumab relative to the original
biological product in Indian patients with
nAMD.

What was the hypothesis of the study?

To establish equivalence with a 5%
significance level and 80% in the primary
endpoint, i.e. no significant difference in
the proportion of patients who lost fewer
than 15 letters (approximately three lines)
from baseline best-corrected visual acuity
to the end of week 16 between Sun’s
ranibizumab and reference ranibizumab,
and the 90% confidence interval of the
proportional difference fell within the
pre-specified equivalence margin of 15%.

What was learned from the study?

Sun’s ranibizumab biosimilar is
therapeutically equivalent to reference
ranibizumab based on primary endpoint
results. Overall, this study showed safety
and efficacy profiles similar to those of the
reference (innovator) ranibizumab. Sun’s
ranibizumab was well tolerated, with no
new safety or immunogenicity concerns.

INTRODUCTION

Age-related macular degeneration (AMD) is a
neurodegenerative retinal disease which is pro-
gressive in nature, leading to vision impair-
ment, and is a major cause of irreversible
blindness in patients aged C 50 years in the
developed world [1, 2]. Neovascular AMD
(nAMD), also known as wet (exudative) AMD, is
a process of abnormal growth of new vessels
arising from choroidal vasculature to the neu-
rosensory retina through Bruch’s membrane.
This choroidal neovascularisation (CNV) differ-
entiates wet AMD from early or dry AMD [3, 4].

In India, the prevalence of AMD ranges from
1.4 to 3.1%, with the most common demo-
graphic factor affecting the prevalence of AMD
being advanced age ([ 65 years) [5]. The global
prevalence of any AMD within an age range of
45 to 85 years was 8.7% [6]. Approximately
10–15% of patients with AMD eventually
develop nAMD [3], of which 80% develop sev-
ere vision loss [7].

There are three types of CNV based on its
appearance on fluorescein angiography: type 1
(occult), when the neovascularisation is located
below the retinal pigment epithelium and
demonstrates occult leakage; type 2 (classic),
where the abnormal growth of neovascular
vessels penetrates the retinal pigment epithe-
lium and grows in the subretinal space; and
type 3 (retinal angiomatous proliferation),
where neovascularisation develops within the
neurosensory retina and progresses posteriorly
into the subretinal space [4].
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Although nAMD is a multifactorial disease,
of these factors, vascular endothelial growth
factor (VEGF) drives the development of CNV
by promoting angiogenesis and vascular per-
meability [8, 9]. Therefore, VEGF is the principal
target for treatment of nAMD, and anti-VEGF
agents such as pegaptanib sodium, ranibizu-
mab, aflibercept, brolucizumab, faricimab and
conbercept are approved for treatment for
nAMD [10, 11], while bevacizumab is used as an
off-label treatment [12, 13].

Ranibizumab, a recombinant, humanised,
monoclonal antibody fragment, acts by binding
and neutralising all active forms of VEGF,
leading to the inhibition of the CNV process in
nAMD [14]. It has been approved by the United
States Food and Drug Administration since 2006
and the European Medicines Agency since 2007
for the treatment of nAMD [15, 16].

In developing countries, lack of insurance
coverage for intravitreal injections and burden
of out-of-pocket expenditure becomes a major
barrier to the accessibility of such treatments. In
India, affordability and accessibility of ranibi-
zumab are still a major issue despite efforts
through differential pricing to make ranibizu-
mab (Accentrix�, Novartis India Ltd, Mumbai,
India) significantly cheaper than in the devel-
oped world. The off-label use of intravitreal
bevacizumab (Avastin; Genentech, South San
Francisco, CA, USA and Roche, Basel, Switzer-
land) is much cheaper in India, but with a major
risk of endophthalmitis, as evidenced by a
recent outbreak in India due to the use of
counterfeit vials [17].

The purpose of developing biosimilar drugs
is to improve the accessibility of such treat-
ments at low cost without compromising the
treatment quality [18]. The World Health
Organization has defined biosimilar drugs as
biotechnological products with comparable
quality to approved reference products sup-
ported by clinical and nonclinical evaluation
with an approved reference product [19]. A few
prospective and retrospective clinical trials have
established the efficacy, safety and immuno-
genicity of biosimilar ranibizumab for the
treatment of several macular disorders includ-
ing nAMD, diabetic macular edema, retinal vein
occlusion and myopic CNV. At least two

biosimilars of ranibizumab are approved in
India, which has substantially reduced the cost
of ranibizumab and improved access to these
treatments [20, 21].

The Vitreo-Retina Society of India survey on
biosimilars revealed increased use of ranibizu-
mab biosimilars by retina physicians in India,
with over 100,000 injections used up to 2020
[22]. In order to further increase the affordabil-
ity and accessibility of ranibizumab while
maintaining the utmost quality and safety, a
prospective comparative trial of biosimilar
ranibizumab with innovator ranibizumab is an
important public health need.

Sun Pharmaceutical Industries Limited,
Mumbai, India, has developed a ranibizumab
biosimilar product, hereinafter referred to as
Sun’s ranibizumab, demonstrating similarity to
the original biological product (Accentrix�) in
extensive analytical and nonclinical analyses,
and has conducted a double-blind, compara-
tive, phase 3 clinical trial evaluating the effi-
cacy, safety and immunogenicity of Sun’s
ranibizumab in comparison with the original
biological product in patients with nAMD [23].
Sun’s ranibizumab was approved by the Central
Drugs Standard Control Organisation (CDSCO)
on 24 March 2023 [24] for the treatment of
nAMD.

METHODS

Study Design

This prospective, randomised, double-blind,
two-group, parallel-arm, multicentre, phase 3
comparative study was designed to evaluate the
efficacy, safety and immunogenicity of Sun’s
ranibizumab compared to reference ranibizu-
mab (Accentrix�) in patients with nAMD
(Clinical Trial Registry—India; CTRI number:
CTRI/2020/09/027629). The first patient was
enrolled on 29 October 2020 and the last
patient visit was on 29 October 2021.

The study was conducted at 19 centres dis-
tributed geographically across India. The study
protocol was approved by the registered insti-
tutional ethics committee (IEC) of the respec-
tive study sites and CDSCO, New Drugs and
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Clinical Trial Rules 2019. The study was con-
ducted in accordance with the Declaration of
Helsinki, the International Council for Har-
monisation–Good Clinical Practice guidelines
and relevant regulatory guidelines. The list of
study sites and their respective IEC is provided
in the Supplementary Material. All patients
provided written informed consent before par-
ticipation in the study.

Patient Selection

Eligible patients were of either gender aged C 50
years, having active primary or recurrent sub-
foveal lesions with classic or occult CNV sec-
ondary to AMD which were confirmed based on
fluorescein angiography at screening. The best-
corrected visual acuity (BCVA), using the Early
Treatment of Diabetic Retinopathy Study
chart was 20/40 to 20/320 (Snellen equivalent)
in the study eye before pupil dilation. If both
eyes were eligible for inclusion, the eye with the
better visual acuity was selected for treatment
unless, based on medical reasons, the investi-
gator deemed the other eye to be more appro-
priate for treatment.

Patients were excluded if they had received
prior treatment with verteporfin, external-beam
radiation therapy, transpupillary thermother-
apy, intravitreal drug delivery (steroids or device
implantation), anti-VEGF drugs, subfoveal laser
photocoagulation, vitrectomy surgery, submac-
ular surgery or other therapy/surgical interven-
tion for AMD in the study eye. Ocular
conditions meeting exclusion criteria included
subfoveal fibrosis or atrophy, subretinal haem-
orrhage [50% total lesion area involving the
centre of the fovea, retinal pigment epithelial
tear involving the macula, diabetic retinopathy
and uncontrolled glaucoma (intraocular pres-
sure C 30 mmHg despite treatment) in the study
eye. Patients with concurrent ocular conditions
in either eye, concurrent systemic conditions,
known hypersensitivity to ranibizumab or any
of the components of study medication,
uncontrolled hypertension (C 160/100 mmHg)
or other medical/surgical condition interfering
with participation in the study were likewise
excluded.

Randomisation and Blinding

Patients were randomised (at a 2:1 ratio) in a
double-blind manner to receive 0.5 mg (0.05
mL) intravitreal injection of either Sun’s rani-
bizumab or reference ranibizumab in the study
eye every 4 weeks until week 16 (total of four
doses). The randomisation schedule was gener-
ated centre-wise by the sponsor using statistical
analysis system (SAS) version 9.4 software
before the start of the study. A random per-
muted block size of 3 was considered for ran-
domising patients in a 2:1 ratio between the two
groups. Patients, investigators and the sponsor’s
study team were blinded throughout the study
regarding the assigned treatment.

Efficacy Assessment

The primary efficacy endpoint was the propor-
tion of patients who lost fewer than 15 letters
(approximately three lines) from baseline BCVA
to the end of week 16. Visual acuity was assessed
at the site using the Early Treatment of Diabetic
Retinopathy study chart at a starting distance of
4 m, with repetition at 1 m as necessary.

Secondary efficacy endpoints were the pro-
portion of patients who gained C 15 letters
from baseline BCVA to the end of week 16,
mean change in BCVA from baseline to the end
of week 16 and mean change in central macular
thickness (CMT) as assessed by optical coher-
ence tomography (OCT) from baseline to the
end of week 16.

Safety Assessment

The safety endpoint was the proportion of
patients with adverse events (AEs, coded
according to the Medical Dictionary for Regu-
latory Activities [MedDRA] version 23.0)
including any significant abnormality observed
during ophthalmic and physical examination,
laboratory parameters, vital signs, electrocar-
diogram and any hypersensitivity reactions
reported throughout the study.

The OCT examinations were performed on
the day of screening, baseline visit (day 1), week
4, week 8, week 12 and week 16. Slit-lamp
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examination, indirect ophthalmoscopy exami-
nation and intraocular pressure measurements
were performed at all visits during the study.

Immunogenicity Assessment

Immunogenicity was evaluated by assessing the
presence of serum anti-ranibizumab antibodies
and neutralising anti-ranibizumab antibody
(NAb) in all patients at baseline (pre-dose day
1), week 8 and week 16. A total of three samples
(baseline [pre-dose day 1], week 8 and week 16),
each of 6 mL, were collected from each patient.

Statistical Analysis

Sample Size and Equivalence Margin
The symmetric equivalence margin was con-
sidered according to the method of preserving
50% of the effect from the estimated active
control in placebo-controlled clinical trials.
Based on the predefined equivalence margin at
±15% (in agreement with regulatory authority),
2:1 randomisation ratio and assumed 15%
attrition rate, approximately 160 patients were
considered sufficient to establish equivalence
for the primary endpoint to achieve a 5% sig-
nificance level and 80% power.

The data for demographic and baseline
characteristics were summarised by treatment
group using descriptive statistics. Continuous
data were presented as number of observations
(n), mean, standard deviation (SD), median,
minimum and maximum. Categorical variables
(e.g. gender) were summarised using counts
(%). For efficacy analysis, data sets including all
randomised patients who were administered at
least one dose of the assigned study product,
returned for at least one post-baseline evalua-
tion visit, and without major protocol deviation
were considered.

Primary Efficacy Analysis
The proportion of patients who lost fewer than
15 letters (approximately three lines) from
baseline BCVA to the end of week 16 between
Sun’s ranibizumab and reference ranibizumab
groups was summarised by count (%) and
analysed by test for proportion (chi-square test).

To test equivalence, the two one-sided test
procedure was used, equivalence was estab-
lished at an alpha (a) significance level if a
(1 - 2a) 9 100% confidence interval for the
difference in efficacy (new - current) was con-
tained within the interval (-d, d). The objective
of establishing equivalence was to demonstrate
that the proportion of patients who lost fewer
than 15 letters (approximately three lines) from
baseline BCVA to the end of week 16 was not
significantly different between the Sun ranibi-
zumab and reference ranibizumab, and the 90%
confidence interval (CI) of the difference was
within the pre-specified equivalence margin of
15%. The 90% CI of the proportional difference
included zero.

Secondary Efficacy Analysis
The mean change in BCVA and central macular
thickness assessed by OCT in the study eye from
baseline to end of week 16 were summarised
with n, mean, SD, median, minimum and
maximum. A two-sample t-test was used to
assess the significant difference between the two
groups. A paired t-test was used to evaluate the
significant difference from baseline to week 16
in mean BCVA within each treatment group.
The proportion of patients who gained C 15
letters (approximately three lines) from baseline
BCVA to the end of week 16 were summarised
with count and percentage and analysed by a
test for proportion (chi-square) to assess signif-
icant differences between treatment groups. All
statistical analysis was performed using SAS
version 9.4 software.

RESULTS

Patient Disposition

Overall, 187 patients were screened, of which
161 patients were randomised to receive either
Sun’s ranibizumab (n = 107) or reference rani-
bizumab (n = 54) from 19 geographically dis-
tributed centers across India. A total of 151
(93.8%) patients completed the study (Fig. 1).
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Patient Demographics and Baseline
Characteristics

Baseline demographic and disease characteris-
tics were similar between the two groups in
terms of gender distribution, age, height,
weight, body mass index, BCVA (letters),
intraocular pressure, type of lesion and type of
CNV. The mean (±SD) age was 66.32 ± 9.64
years, with *60% male patients. The overall
mean (±SD) duration of nAMD was 95.18 ±

340.2 days. The mean (±SD) BCVA at baseline
was 43.66 ± 12.35 letters, and *50% had pre-
dominantly classic lesions. Around 84% of
patients had an active primary lesion of nAMD
(Table 1).

Primary Efficacy Endpoint

At week 16, 99% of the patients in Sun’s rani-
bizumab group and 100% of patients in the
reference ranibizumab group had lost fewer
than 15 letters from baseline BCVA. The pro-
portional difference (90% CI) between the
groups was -1% (-2.51, ?0.61). The 90% CI of
the proportional difference lay within the pre-

specified equivalence margin of 15%, and the
interval included zero. Further, the proportional
difference between the Sun ranibizumab and
reference ranibizumab groups was not signifi-
cantly different (p[ 0.9999) (Fig. 2).

Secondary Efficacy Endpoints

The mean (±SD) change in BCVA from baseline
to the end of week 16 was -15.7 (±10.45) and
-14.6 (±8.83) letters in Sun’s ranibizumab and
reference ranibizumab groups, respectively
(p\0.001 within both groups), with no signifi-
cant difference between groups (p = 0.5275)
(Fig. 3). The mean (±SD) change in CMT asses-
sed by OCT from baseline to the end of week 16
was 100.9 (±143.10) lm and 107.3 (±141.63)
lm in the Sun ranibizumab and reference rani-
bizumab groups, respectively, and there was no
significant difference between groups
(p = 0.7946) (Fig. 4). The proportion of patients
gaining C 15 letters was 43% and 37% in the
Sun ranibizumab and reference ranibizumab
groups, respectively, with no significant differ-
ence between groups (p = 0.4267) (Fig. 5).

Fig. 1 Study flowchart
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Table 1 Summary of demographic and baseline characteristics

Sun’s ranibizumab (N = 107) Reference ranibizumab (N = 54) p value

Gender n (%)

Male 62 (57.9%) 34 (63.0%) 0.5400

Female 45 (42.1%) 20 (37.0%)

Age (years)

n 107 54 0.1257

Mean ± SD 65.50 ± 9.78 67.96 ± 9.25

Median 67 67

Min, Max 50.0, 87.0 50.0, 84.0

Height (cm)

n 107 54 0.2701

Mean ± SD 159.3 ± 10.26 161.1 ± 9.85

Median 160 162.6

Min, Max 113, 178 134, 177

Weight (kg)

n 107 54 0.1052

Mean ± SD 62.87 ± 10.06 65.67 ± 10.73

Median 64 65.5

Min, Max 38.0, 95.0 37.8, 90.0

Body mass index (kg/m2)

n 107 54 0.6374

Mean ± SD 24.97 ± 4.70 25.32 ± 3.99

Median 24.1 24.8

Min, Max 15.8, 44.6 18.2, 39.3

Duration of wet AMD disease (days)

n 107 54 0.3521

Mean ± SD 71.62 ± 169.8 141.9 ± 536.9

Median 4 5

Min, Max 1.00, 831 1.00, 3454

BCVA (number of letters)

n 107 54 0.6795

Mean ± SD 44.32 ± 12.78 42.37 ± 11.44

B 54 78 (72.9%) 41 (75.9%)

C 55 29 (27.1%) 13 (24.1%)
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Safety

Of 14 AEs (16%) reported in the study, ocular
AEs included eye irritation and retinal haemor-
rhage (one patient each) in the reference rani-
bizumab group and conjunctivitis and viral
conjunctivitis (one patient each) in Sun’s rani-
bizumab group. The most common non-ocular
AEs were hypertension (1.9% incidence) in
Sun’s ranibizumab group and dyspepsia (3.7%
incidence) in the reference ranibizumab group.
Three serious adverse events (SAEs, dyspepsia
[severe in intensity], urinary tract infection
[severe in intensity] and hyponatraemia [life-
threatening]) were reported in one patient in
the reference ranibizumab group, and all three
SAEs were resolved and were not related to ref-
erence ranibizumab. The current study had only
one AE (hyperglycaemia) in Sun’s ranibizumab
group, which was probably/likely related
according to the investigator. None of the
patients met the requirements for treatment
discontinuation or dose withholding criteria

due to any AE. No new ocular or non-ocular
safety concerns were identified during the study
(Table 2).

Immunogenicity

Only one patient was found to have anti-rani-
bizumab antibodies in the reference ranibizu-
mab group at day 1 (mean relative light units =
79.0, signal-to-noise [S/N] ratio = 0.97, % inhi-
bition = 27.5) and day 56 (week 8) (mean rela-
tive light units = 82.5, S/N ratio = 1.01, %
inhibition = 26.7), with no substantial differ-
ence in titres at either time point. Assay for NAb
was negative for this patient at both time
points.

DISCUSSION

Vascular endothelial growth factor is a pro-an-
giogenic factor known to mediate the patho-
genesis of nAMD. Therefore, treatment

Table 1 continued

Sun’s ranibizumab (N = 107) Reference ranibizumab (N = 54) p value

IOP

n 107 54 0.5389

Mean ± SD 13.96 ± 2.47 14.22 ± 2.45

Median 14 14

Min, Max 9.00, 20.0 10.0, 20.0

Choroidal neovascularization classification

Minimally classic 12 (11.2%) 7 (13.0%) 0.9465

Occult with no classic 41 (38.3%) 20 (37.0%)

Predominantly classic 54 (50.5%) 27 (50.0%)

Type of lesion

Active primary 90 (84.1%) 45 (83.3%) 0.8991

Recurrent subfoveal 17 (15.9%) 9 (16.7%)

AMD age-related macular degeneration, BCVA best-corrected visual acuity, IOP intraocular pressure, Max maximum, Min
minimum, SD standard deviation
p values are computed using the chi-square test for categorical variables, and the two-sample t-test/Wilcoxon signed rank are
used for continuous variables
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strategies have seen a paradigm shift from laser
coagulation and photodynamic therapy to the
use of anti-VEGF agents to target the patholog-
ical process directly. Although anti-VEGF agents
such as ranibizumab have become the accepted
standard of care, their substantial costs impose a
significant cost burden on patients and the
health care system [25]. A study by Kelkar et al.
reported 51.5% loss to follow-up and treatment
non-compliance among patients with nAMD
and diabetic macular edema treated with
intravitreal anti-VEGF agents [26].

Biosimilar ranibizumab is about 30–40% less
expensive than the innovator ranibizumab in
India. Another anti-VEGF monoclonal anti-
body, bevacizumab, an anti-angiogenic in
treating solid tumours, is used as an effective
off-label treatment at low cost for nAMD [27].
However, multi-dose vial availability of beva-
cizumab is leading to problems in aliquoting
and storage [18], and its association with cluster
endophthalmitis has been a constant issue [28].
Also, a recent online survey of members of the
Vitreo-Retinal Society of India reported an
increase in the use of ranibizumab biosimilars

Fig. 2 Proportion of patients who lost fewer than 15
letters (approximately three lines) from baseline best-
corrected visual acuity in the study eye at the end of week
16. [1] Sun’s ranibizumab (N = 105) and reference
ranibizumab (N = 54) at week 16

Fig. 3 Line chart for mean change in best-corrected visual
acuity from baseline in the study eye at week 16. [1] Sun’s
ranibizumab (N = 102) and reference ranibizumab
(N = 53) at week 8, Sun’s ranibizumab (N = 102) and
reference ranibizumab (N = 52) at week 12, and Sun’s
ranibizumab (N = 100) and reference ranibizumab
(N = 51) at week 16

Fig. 5 Proportion of patients who gained at least 15 letters
(approximately 3 lines) from baseline best-corrected visual
acuity in the study eye at week 16. [1] Sun’s ranibizumab
(N = 107) and reference ranibizumab (N = 54) at week
16

Fig. 4 Line chart for central macular thickness assessed by
OCT from baseline in the study eye at the end of week 16.
[1] Sun’s ranibizumab (N = 107) and reference ranibizu-
mab (N = 54) at baseline and Sun’s ranibizumab
(N = 100) and reference ranibizumab (N = 51) at week
16. CMT central macular thickness, OCT optical coher-
ence tomography.
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from 41% in 2018 to 56% in 2020 (p = 0.2) and a
simultaneous significant decline in the use of
bevacizumab biosimilars from 9% in 2018 to 2%
in 2020 (p = 0.04), indicating a progressive trend
favoring ranibizumab biosimilar over beva-
cizumab biosimilar [22]. The cost-effectiveness
of biosimilar ranibizumab and its minimal
chance of contamination due to the availability
in a single-dose vial suggests a gradual shift
from the off-label use of bevacizumab to
biosimilar ranibizumab in India [22].

The primary endpoint results for this study
demonstrated equivalent proportions of
patients who lost fewer than 15 letters from
baseline BCVA to the end of week 16 (99% of
patients in Sun’s ranibizumab and 100% in
reference ranibizumab groups), with the pro-
portional difference lying within the pre-speci-
fied equivalence margin.

This result is similar to innovator ranibizu-
mab studies (96.4% and 94.6% of patients lost
fewer than 15 letters at month 12 in the MAR-
INA and ANCHOR studies [29, 30], respectively)
and ranibizumab biosimilar studies in India
(Reliance study [98.11% and 100% in ranibizu-
mab biosimilar and reference ranibizumab
groups, respectively, at week 16] and the ASSET
study [98.4% and 97.60% in ranibizumab
biosimilar at week 12 and week 24, respec-
tively]) [21, 22].

The present biosimilar study with a short-
term treatment duration of 16 weeks showed a
significant improvement in BCVA in both the
Sun ranibizumab and reference ranibizumab
groups at week 16. This improvement in BCVA
was higher than that in the MARINA study
(increase of 7.2 letters) and ANCHOR study
(increase of 10.7 letters) and was similar to the
Reliance study (increase of 10.47 and 12.58
letters in test and reference groups, respectively,
at week 16, and 12.11 and 15.66 letters in test
and reference groups, respectively, at week 24).
The likely explanation for these higher letter
gains is the younger population (*66 years),
lower baseline BCVA (*43 letters) and no prior
medication history (due to exclusion criteria).

The proportion of patients who showed
improvement in BCVA by gaining C 15 letters
at week 12 (43% in Sun’s ranibizumab and 37%
in reference ranibizumab group) in this study

was also similar to the MARINA and ANCHOR
studies (33.8% and 40.3% of patients, respec-
tively, at month 12), the ASSET study (31.20%
at month 24) and the Reliance study (25.47% vs

Table 2 Summary of adverse events and treatment-emer-
gent adverse events by system organ class and preferred
term

Adverse event Sun’s
ranibizumab
(N = 107)

Reference
ranibizumab
(N = 54)

n (%) E n (%) E

Total TEAEs 6 (5.6%) 7 5 (9.3%) 7

System organ class

Preferred term

Eye disorders 0 0 2 (3.7%) 2

Eye irritation 0 0 1 (1.9%) 1

Retinal haemorrhage 0 0 1 (1.9%) 1

Gastrointestinal

disorders

1 (0.9%) 1 3 (5.6%) 3

Diarrhoea 1 (0.9%) 1 0 0

Dyspepsia 0 0 2 (3.7%) 2

Pancreatitis acute 0 0 1 (1.9%) 1

Infections and

infestations

3 (2.8%) 3 1 (1.9%) 1

Conjunctivitis 1 (0.9%) 1 0 0

Conjunctivitis viral 1 (0.9%) 1 0 0

Nasopharyngitis 1 (0.9%) 1 0 0

Urinary tract infection 0 0 1 (1.9%) 1

Metabolism and

nutrition disorders

1 (0.9%) 1 1 (1.9%) 1

Hyperglycaemia 1 (0.9%) 1 0 0

Hyponatraemia 0 0 1 (1.9%) 1

Vascular disorders 2 (1.9%) 2 0 0

Hypertension 2 (1.9%) 2 0 0

E number of events, n number of patients with adverse
events, N number of patients in each group, TEAEs
treatment-emergent adverse events
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30.19% [at 16 weeks] and 32.08% vs 43.30% [at
24 weeks] in test and reference groups,
respectively]).

The mean change in CMT assessed by OCT at
week 16 was 100.9 lm in Sun’s ranibizumab and
107.3 lm in the reference ranibizumab group,
which is in line with that observed in the ASSET
study (125 lm at 6 months) and the Reliance
study (78.22 lm and 89.33 lm at 16 and 24
weeks, respectively).

Sun’s ranibizumab was well tolerated and
safe in patients with nAMD. Common ocular
SAEs such as uveitis, presumed endophthalmi-
tis, vitreous haemorrhage and severe ocular
inflammation which were reported in the
MARINA, ANCHOR, and SUSTAIN studies were
not reported in our study [29–31].

Common non-ocular AEs associated with
systemic VEGF inhibition were arterial throm-
boembolic events, hypertension, proteinuria
and non-ocular haemorrhage [9, 13]. Hyper-
tension and dyspepsia were also commonly
reported. The reported adverse and serious
adverse events were mostly attributed to medi-
cal history and concomitant medication. There
were no additional safety or immunogenicity
concerns in this study.

This study had some limitations. The efficacy
and safety results of Sun’s ranibizumab were
compared to reference ranibizumab for a rela-
tively short period of 16 weeks; long-term data
are required. Further, the study was not
designed with the objective of establishing
interchangeability. The pharmacokinetics of
Sun’s ranibizumab have not been evaluated;
however, the relevance of pharmacokinetics is
limited considering the intravitreal administra-
tion, with limited absorption into the systemic
circulation.

CONCLUSION

Sun’s ranibizumab biosimilar is therapeutically
equivalent to reference ranibizumab based on
primary endpoint results. Overall, this study
showed safety and efficacy profiles similar to
those of the reference (innovator) ranibizumab.
Sun’s ranibizumab was well tolerated, with no
new safety or immunogenicity concerns.
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2. Jiménez-Gómez Y, Alba-Molina D, Blanco-Blanco
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