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ABSTRACT
Background/Aims  To provide longer-term data on 
efficacy, safety, immunogenicity and pharmacokinetics 
(PK) of ranibizumab biosimilar SB11 compared with the 
reference ranibizumab (RBZ) in patients with neovascular 
age-related macular degeneration (nAMD).
Methods  Setting: Multicentre. Design: Randomised, 
double-masked, parallel-group, phase III equivalence 
study. Patient population: ≥50 years old participants 
with nAMD (n=705), one ’study eye’. Intervention: 1:1 
randomisation to monthly intravitreal injection of 0.5 mg 
SB11 or RBZ. Main outcome measures: Visual efficacy 
endpoints, safety, immunogenicity and PK up to 52 
weeks.
Results  Baseline and disease characteristics were 
comparable between treatment groups. Of 705 
randomised participants (SB11: n=351; RBZ: n=354), 
634 participants (89.9%; SB11: n=307; RBZ: n=327) 
completed the study until week 52. Previously reported 
equivalence in primary efficacy remained stable up to 
week 52 and were comparable between SB11 and 
RBZ. The adjusted treatment difference between SB11 
and RBZ in full analysis set at week 52 of change from 
baseline in best-corrected visual acuity was −0.6 letters 
(90% CI −2.1 to 0.9) and of change from baseline in 
central subfield thickness was −14.9 µm (95% CI –25.3 
to –4.5). The incidence of ocular treatment-emergent 
adverse events (TEAEs) (SB11: 32.0% vs RBZ: 29.7%) 
and serious ocular TEAE (SB11: 2.9% vs RBZ: 2.3%) 
appeared comparable between treatment groups, and 
no new safety concerns were observed. The PK and 
immunogenicity profiles were comparable, with a 4.2% 
and 5.5% cumulative incidence of antidrug antibodies 
up to week 52 for SB11 and RBZ, respectively.
Conclusions  Longer-term results of this study further 
support the biosimilarity established between SB11 and 
RBZ.

INTRODUCTION
Neovascular age-related macular degeneration 
(nAMD) is a leading cause of visual impairment 
and blindness for people over 50 years of age in 
many parts of the world. Loss of vision can result 
in reduced participation in daily activities and 
increased need to rehabilitative facilities, which can 

lead to loss in vision-related quality of life or depres-
sion, and is associated with a total annual direct 
cost of more than 575 million dollars.1–3 Repeated 
intravitreal injections (IVI) of vascular endothe-
lial growth factor-A (VEGF-A) inhibitors such as 
aflibercept, brolucizumab or ranibizumab (RBZ) are 
current standard treatments for nAMD.2 4–9 Given 
the substantial economic burden of these thera-
pies, the introduction of biosimilars could reduce 
the cost of nAMD treatment and expand patient’s 
access to anti-VEGF treatments, similarly to the 
situation following the introduction of antitumour 
necrosis factor alpha10–12 or other biosimilars13 for 
various indications. Therefore, the availability of 
biosimilars could reduce the socioeconomic burden 
of blindness caused by nAMD.

Biosimilars are inherently different from chem-
ically synthesised generic drugs as biosimilars are 
derived from living cells and, therefore, typically 
have bigger molecular size and more complex struc-
tures than generic drugs.14 Nevertheless, biosimilars 
also should be high-quality products that are manu-
factured through stringently controlled biotech-
nology processes in facilities that follow Good 
Manufacturing Practices guidelines. Both the US 
Food and Drug Administration (FDA) and the Euro-
pean Medicines Agency (EMA) approve biosimilars 
based on the totality of evidence of a comprehensive 
comparability exercise that demonstrates that there 
are no clinically meaningful differences between 
the biosimilar and the reference product in terms 
of quality characteristics, biological activity, clinical 
safety and efficacy.15–19 Therefore, biosimilars may 
have substantially higher research and development 
risks and cost and be more complex to manufacture 
than small molecule generic drugs.20 The devel-
opment of biosimilars costs over 100 times more 
expensive and it usually takes 3–4 times longer than 
generic drugs.20

SB11 is a FDA and EMA approved RBZ biosim-
ilar which demonstrated similarity to the reference 
product in analytical and non-clinical studies. In a 
phase III randomised clinical trial in patients with 
nAMD, equivalence in terms of efficacy has been 
demonstrated for the primary efficacy endpoints of 
change from baseline of optical coherence tomog-
raphy (OCT) central subfield thickness (CST) at 
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week 4 and best-corrected visual acuity (BCVA) at week 8, with 
additional safety data provided through the 6-month visit.21 This 
report describes the results through the preplanned 52-week 
final visit including efficacy, safety, immunogenicity and phar-
macokinetics (PK).

METHODS
Study design
This randomised, double-masked, parallel-group, multicentre, 
52-week phase III clinical trial, registered in ​clinicaltrials.​gov 
(NCT03150589) and EudraCT (2017-000422-36), evaluated 
the efficacy and safety of SB11 in comparison with monthly RBZ 
for treatment of nAMD. The trial was conducted in 75 centres 
in 9 countries and the trial protocol (SB11-G31-AMD) was 
reviewed and approved by an Independent Ethics Committee or 
Institutional Review Board.21 The study adhered to the tenets of 
Declaration of Helsinki, Good Clinical Practice guidelines and 
International Council for Harmonization. All patients provided 
written informed consent prior to entering the study.

The full list of inclusion and exclusion criteria for study 
participants was previously reported.21 In brief, participants 
were included if they were ≥50 years of age; had a previously 
untreated subfoveal choroidal neovascularisation (CNV) lesion 
secondary to nAMD in the study eye with evidence of activity 
as documented on OCT by the presence of subretinal fluid or 
intraretinal fluid and leakage from CNV detected by fluorescein 
angiography (FA). At baseline visit (day 1), participants were 
randomised in a 1:1 ratio (randomisation blocks of fixed size=4) 
by the Interactive Web Response System (IWRS) to receive an 
IVI of either 0.5 mg SB11 (Samsung Bioepis, Incheon, Republic 
of Korea) or 0.5 mg RBZ (Lucentis, Genentech, San Francisco, 
California, USA) in 0.05 mL every 4 weeks from baseline up to 
week 48. The study was double-masked throughout the study 
period except staffs from sponsor and clinical research organ-
isation, who were designated per protocol for unmasking after 
the interim analysis. However, participants, investigators, and 
other study personnel remained masked throughout the study 
period. Data described were collected between March 2018 and 
December 2019.

Outcomes assessment
Endpoints
Details of the primary endpoints of change from baseline 
in BCVA at week 8 and in CST at week 4 were previously 
reported.21 Prespecified secondary efficacy endpoints included 
longer-term assessment of change from baseline in BCVA and 
the proportions of participants who lost fewer than 15 letters or 
who gained 15 or more letters in BCVA from baseline at weeks 
24 and 52. Additional secondary endpoints included change 
from baseline in CST and in central retinal lesion thickness 
(CRLT) (a manual measurement of the distance between the 
internal limiting membrane and base of retinal pigment epithe-
lium, inclusive of any observable CNV or scar tissue, measured 
at the fovea but not including pigment epithelial detachment) 
as well as change from baseline in total CNV size and propor-
tion of participants with active CNV leakage on fundus photog-
raphy or FA at weeks 24 and 52 based on assessment by central 
reading centre personnel. As a secondary outcome to confirm 
biosimilarity, total CNV size and total lesion size including total 
area of any classic or occult CNV and any features that could 
obscure the boundaries of classic or occult CNV was measured 
by FA, following previously published definitions,21 22 just as 

how it was done in the reference product’s pivotal studies such 
as MARINA23 24 and ANCHOR.25 26

Prespecified exploratory endpoints included the proportion 
of participants without intraretinal or subretinal fluid and the 
change from baseline in subscale scores and composite score of 
the National Eye Institute 25-Item Visual Function Question-
naire (NEI VFQ-25) at weeks 24 and 52.

Safety
Safety evaluation at each visit included collection of ocular and 
non-ocular adverse events (AEs) and serious adverse events 
(SAEs) through physical and full ophthalmic examinations 
(including but not limited to external examination of the eye, 
slit lamp examination, intraocular pressure(IOP) measure-
ments, routine screening for eyelid/pupil and so on). All AEs 
were recorded from the time the participant signed the written 
informed consent until week 52 or an earlier termination visit. 
The AEs that emerged during the treatment with an investiga-
tional product (treatment-emergent adverse events (TEAEs)) 
were analysed for the purpose of safety analyses, accounting 
for its severity and causality. Adverse events of special interest 
(AESIs) also were collected up to week 52 using classification 
criteria previously reported.21

Immunogenicity
Immunogenicity analyses were performed in all participants on 
blood samples collected prior to IVI injection of the study drug 
at weeks 0, 4, 8, 16, 24, 36 and at any time during the visit at 
weeks 1 and 52 or early termination visit, using same immunoas-
says as previously reported.21 If a participant had an unresolved 
AE that was possibly related to antidrug antibodies (ADAs), the 
participant was asked to return for blood sampling until antibody 
titres returned to baseline or stabilised to an acceptable level. 
Overall ADA results were determined as positive for a partici-
pant with treatment-induced or treatment-boosted ADAs, where 
treatment-induced ADAs indicates at least one positive result 
after predose of week 0 for participants with negative ADAs at 
predose of week 0, and treatment-boosted ADAs indicates at 
least one positive result with higher titre level compared with 
titre at week 0 for participants with positive ADAs at predose 
of week 0.

Pharmacokinetics
Serum samples for the measurements of drug concentration 
were taken predose (trough serum concentration (Ctrough)) and 
24–72 hours postdose (close to maximum serum concentration 
(Cmax)) at weeks 0, 4, 8, 16, 24, 36 and at any time during the visit 
at weeks 1 and 52. If the fellow eye received RBZ due to nAMD 
during the study period, all concentrations measured after fellow 
eye treatment were excluded from summary statistics.

Statistical analysis
Sample size
For the primary endpoint of change from baseline in BCVA, 
a sample size of 352 participants per treatment group was 
required to achieve an overall 10% significance level and 80% 
power to establish equivalence. The calculation was based on 
the predefined equivalence margin of −3 and 3 letters,21 and an 
assumed 5% loss of randomised participants.

For the primary endpoint of change from baseline in CST, a 
sample size of 323 participants per treatment group was required 
to achieve an overall 5% significance level and 80% power to 
establish equivalence. The calculation was based on historical 
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data from the MARINA23 and PIER27 studies, the predefined 
equivalence margin of −36 and 36 µm,21 and an assumed 10% 
loss from the full analysis set (FAS). Therefore, an overall sample 
size of 704 was chosen to allow for enough power to detect 
equivalence with both primary endpoints.

Analysis sets
The FAS included all randomised participants, excluding one 
inadvertently randomised participant who did not receive the 
study drug. The safety set (SAF) consisted of all participants who 
received at least one study drug administration during the study 
period after randomisation. The PK analysis set (PKS) included 
participants who had at least one PK sample analysed.

Efficacy endpoints analysis
Details on primary endpoint analysis have been reported 
previously.21

Secondary endpoint analysis of changes from baseline in BCVA 
and in CST in the FAS at week 52 was performed using anal-
ysis of covariance (ANCOVA) model with the baseline BCVA or 
CST as a covariate and region (country) and treatment group as 
factors. For the analysis of proportion of participants who lost 
fewer than 15 letters or gained 15 letters or more compared 
with baseline in BCVA, and for the proportion of participants 
with active CNV leakage in the FAS, the adjusted risk differ-
ence between the two treatment groups was calculated using a 
Cochran-Mantel-Haenszel test with 95% CIs with stratification 
by region (country). For the analysis of change from baseline in 
CRLT and CNV size in the FAS, inferential statistics were based 

on ANCOVA model with the baseline CRLT or CNV size as a 
covariate and region (country) and treatment as fixed factors, 
respectively. All secondary endpoint analyses were performed 
based on available data; no missing data were imputed.

Exploratory efficacy and other endpoints analysis
For the exploratory endpoints, the proportion of participants 
without the presence of intraretinal or subretinal fluid in the 
FAS was evaluated using OCT and was summarised by treat-
ment group and visit. The change from baseline in subscale and 
composite scores of NEI VFQ-25 were calculated in the FAS and 
was summarised by treatment groups and visits, excluding those 
participants who received RBZ in the fellow eye due to nAMD 
during the study period after randomisation. Safety, immunoge-
nicity and PK outcomes were summarised descriptively by treat-
ment groups and time points.

RESULTS
Participant disposition, demographics and baseline 
characteristics
Among 1095 participants screened from March 2018 to 
November 2018, 705 participants were randomised to receive 
either SB11 (N=351) or RBZ (N=354). One ineligible partici-
pant was randomised to SB11 group by error of the study coor-
dinator inadvertently clicking the IWRS randomisation button 
and was subsequently discontinued before administering the 
study drug. Accordingly, 704 participants received at least one 
IVI of SB11 (N=350) or RBZ (N=354). A total of 634 (89.9%) 

Figure 1  CONSORT diagram of participants’ flow through the trial. (A) One participant was excluded from both full analysis set and safety set, 
because this participant was misrandomised and discontinued from the study before first dosing. (B) One participant was initially randomised to 
receive SB11 but incorrectly received the injection to the fellow eye, while RBZ was injected to the study eye until week 20 (Study day 141) of the 
study. This participant was discontinued from the study (Study day 164) primarily due to protocol deviation but later included in the RBZ treatment 
group in the safety set. IP, investigational product; RBZ, reference ranibizumab.
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participants completed the 52 weeks of the study (SB11: n=307; 
RBZ: n=327); for those who did not complete the study, 
reasons for discontinuation are indicated (figure  1). Baseline 
demographic and disease characteristics appeared comparable 
between the treatment groups.21

Efficacy
Results of the two primary efficacy endpoint analyses were 
previously reported.21 Secondary efficacy endpoints were evalu-
ated in the interim analysis at week 2421 and at the final analysis 
at week 52. Final study results for change from baseline in BCVA 
and in CST in the FAS showed that the previously reported 
improvements in the primary efficacy outcomes remained stable 

and appeared comparable between treatment groups at all time 
points up to week 52. Specifically, change from baseline in BCVA 
was 9.8 letters for SB11 and 10.4 letters for RBZ at week 52 
(adjusted treatment difference (SE): −0.6 (0.9); 90% CI −2.1 to 
–0.9) (figure 2A, table 1, online supplemental table 1). Change 
from baseline in CST was −140.0 µm for SB11 and −125.1 µm 
for RBZ at week 52 (adjusted treatment difference (SE): −14.9 
(5.3); 95% CI –25.3 to –4.5) (figure 2B, table 1, online supple-
mental table 2).

The proportions of participants who lost fewer than 15 letters 
in BCVA (table 1, (online supplemental figure 1A) and gained 
15 or more letters in BCVA (table 1, (online supplemental figure 
1B) as well as the change from baseline in CRLT, CNV size and 
the proportion of participants with active CNV leakage in the 
FAS (table 1, online supplemental figure 1C) were maintained 
through week 52, with further improvements from the week 24 
results,21 and were comparable between treatment groups at all 
timepoints. The analysis of exploratory endpoints showed that 
the proportion of participants without intraretinal or subretinal 
fluid in the FAS increased over time (online supplemental figure 
2, online supplemental table 3) and were comparable between 
the treatment groups at week 52 (SB11: 84.4%; RBZ: 81.0%). 
Quality of life as assessed by NEI VFQ-25 score also improved 
over time, with mean change from baseline to week 52 (SB11: 
4.54; RBZ: 6.47) appearing comparable between treatment 
groups (online supplemental table 4).

Safety
Exposure was similar between the SB11 (N=350) and RBZ 
(N=354) groups, with a mean number of study drug administra-
tions (SD) of 12.2 (2.2) vs 12.4 (2.1) and a median duration of 
study drug exposure (min, max) of 337 days (1, 358) vs 337 days 
(1, 361), respectively. The incidence of AEs, including TEAEs, 
SAEs and TEAEs leading to study drug discontinuation and death 
was comparable between treatment groups, with most TEAEs 
of mild or moderate intensity and not related to the study drug 
(table 2). The incidence of ocular TEAEs in the study eye that led 
to study drug discontinuation was similar between two groups 
(SB11: n=7; 2.0% vs RBZ: n=4; 1.1%). Although there was a 
small numerical difference, there was no statistical or clinically 
relevant difference between the two groups identified (Differ-
ence (SE): −0.009 (0.009); 90% CI −0.027 to 0.009; p=0.328). 
There were no myocardial infarction or stroke events. There was 
one study participant with death of unknown cause in the SB11 
treatment group and two participants with death of unknown 
cause in the RBZ treatment group. Ocular TEAEs in the study eye 
which occurred in ≥5% of participants were ‘Intraocular pres-
sure increased’ (SB11: n=23; 6.6% vs RBZ: n=26; 7.3%) and 
‘Conjunctival haemorrhage’ (SB11: n=16; 4.6% vs RBZ: n=18; 
5.1%). No definitive differences in the overall incidence of AESIs 
between treatment groups were identified. ‘Intraocular pressure 
increase’ occurred in 3 (0.9%) and 6 (1.7%) participants, while 
death was reported for 1 (0.3%) and 2 (0.6%) participants within 
the SB11 and RBZ groups, respectively. Furthermore, 2 (0.6%) 
and 4 (1.1%) participants in the SB11 group and none in the RBZ 
group experienced ‘Endophthalmitis’ or ‘Eye disorders’ which 
included iridocyclitis (n=3; 0.9%), uveitis (n=1; 0.3%) or vitritis 
(n=1; 0.3%). The number of participants with cells and flare in 
the anterior chamber and vitreous cells were low with no notable 
difference between treatment groups.

Immunogenicity and pharmacokinetics
Immunogenicity analyses were performed in the SAF, including 
total of 330 participants treated with SB11 and 327 participants 

Figure 2  (A) Change from baseline in BCVA at each timepoint 
through week 52 in the full analysis set. Mean change ±SE from 
baseline through week 52 in BCVA in the full analysis set. The table 
reports the number of participants per timepoint. The complete list of 
values and participants per timepoint is reported in online supplemental 
table 1. Mean (SD) change from baseline in BCVA for participants who 
completed week 52 of the study: SB11 (n=309), 9.7 (11.4) letters; RBZ 
(n=327), 10.4 (11.5) letters. Circles represent mean and error bars 
represent SE at each timepoint. (B) Change from baseline in CST at each 
timepoint through week 52 in the full analysis set. Mean change ±SE 
from baseline through week 52 in CST in the FAS. The table reports the 
number of participants per timepoint. The complete list of values and 
participants per timepoint is reported in online supplemental table 2. 
Mean (SD) change from baseline in CST for participants who completed 
week 52 of the study: SB11 (n=308), –133.6 (103.9) μm; RBZ (n=327), 
–128.4 (116.1) μm. Circles represent mean and error bars represent 
SE at each timepoint. BCVA, best-corrected visual acuity (ETDRS letter 
score); CST, central subfield thickness; ETDRS, early treatment diabetic 
retinopathy study; RBZ, reference ranibizumab.
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treated with RBZ with available overall ADAs results. The overall 
cumulative incidence of ADAs up to week 52 was low (SB11: 
14/330; 4.2% vs RBZ: 18/327; 5.5%), and most antibodies 
were non-neutralising (table 3). No statistical or clinically rele-
vant differences in the incidence of ADAs and neutralising anti-
bodies (NAbs) were observed between treatment groups at any 
of the timepoints (table 3). The incidence of TEAEs by overall 
ADAs result up to week 52 appeared comparable between two 
treatment groups (ADAs positive subgroup: SB11: 78.6%, RBZ: 
72.2%; ADAs negative subgroup: SB11: 72.1%, RBZ: 72.4%).

The overall cumulative incidence of ADA results was deter-
mined as positive for a participant with treatment-induced or 
treatment-boosted ADA up to the relevant timepoint, that is, at 
least one positive result for participants with negative ADA at 
baseline or at least one positive result with higher titre compared 
with baseline.

PK analyses were performed on 54 participants in the PKS 
(SB11: n=25; RBZ: n=29). The mean serum concentrations 
appeared comparable between SB11 and RBZ up to week 52 
(online supplemental figure 3, online supplemental table 5). 
Only three participants in the PKS had positive ADA results; 
therefore, the impact of immunogenicity on PK could not be 
assessed confidently. Only one of these three cases in the RBZ 
group was ADAs positive at week 36, and serum concentration 
at week 36 was similar to concentrations measured at other time 
points. The other two cases in SB11 group were ADAs positive 
at week 52 only, so no PK data were available for comparison 
with earlier visits.

DISCUSSION
To our knowledge, this is the first manuscript that has reported 
Phase III, week 52 follow-up data of ranibizumab biosimilar for 
the treatment of nAMD. This week 52 analysis of the phase III 
study shows that SB11 and its reference RBZ have comparable 
efficacy, safety, immunogenicity and PK profiles up to week 
52. These data demonstrate no clinically meaningful differ-
ences between SB11 and RBZ. The similarity of all primary and 
secondary efficacy endpoints was maintained at all timepoints 
up to week 52, confirming the comparable longer-term efficacy 
of SB11 and RBZ. Moreover, final 52-week results remained 
in line with results from previously reported studies with RBZ 
for nAMD, including MARINA,23 ANCHOR,25 CATT28 and 
HARBOR.29

The safety profile of SB11 appears to be consistent with the 
known RBZ profile; no new safety concerns were identified 
during the study period. TEAEs were mostly mild or moderate 
in intensity, and the majority of events was not related to 
the study treatment. There was no difference in incidence of 
ocular TEAEs in the study eye identified that led to study drug 
discontinuation, although there was a small numerical, but not 
a statistically or clinically relevant difference. A much larger 
number of study participants from a much larger case series 
would be needed to determine if these small numerical differ-
ences were due to chance or truly represented a small difference 
in ocular TEAEs. The incidence of intraocular inflammation 
(iridocyclitis, uveitis and vitritis) observed with SB11 was low 
compared with that reported for RBZ,23 29–31 although it was 

Table 1  Secondary efficacy endpoints measurements at week 52

Endpoint at week 52
(analysis set) Treatment n

Change from baseline, 
least square mean (SE)

Difference
(SB11-RBZ)

Mean SE
95% CI
(90% CI for BCVA)

BCVA (letters)*
(FAS)

SB11 (N=351) 309 9.8 (0.8) −0.6 0.9 −2.1 to 0.9

RBZ (N=353) 327 10.4 (0.7)

CST (μm)†
(FAS)

SB11 (N=351) 308 −140.0 (4.5) −14.9 5.3 –25.3 to –4.5

RBZ (N=353) 327 −125.1 (4.3)

CRLT (μm)‡
(FAS)

SB11 (N=351) 308 −161 (5.1) −11.5 6.0 −23.2 to 0.1

RBZ (N=353) 327 −149.5 (4.9)

CNV size (mm2)§
(FAS)

SB11 (N=351) 303 −5.2 (0.3) −0.6 0.3 −1.2 to 0.1

RBZ (N=353) 313 −4.6 (0.3)

Endpoint at week 52
(analysis set) Treatment n’ Responders, n (%)

Adjusted difference
(SB11-RBZ)

Adjusted difference (%) 95% CI

Participants who lost <15 letters in BCVA compared with 
baseline¶
(FAS)

SB11 (N=351) 309 299 (96.8) −1.2 −3.8 to 1.3

RBZ (N=353) 327 320 (97.9)

Participants who gained ≥15 letters in BCVA compared with 
baseline¶
(FAS)

SB11 (N=351) 309 107 (34.6) −3.2 −10.5 to 4.2

RBZ (N=353) 327 123 (37.6)

Participants with active CNV leakage¶
(FAS)

SB11 (N=351) 303 158 (52.1) −7.4 −15.0 to 0.2

RBZ (N=353) 313 185 (59.1)

*Inferential statistics were based on analysis of covariance model with the baseline BCVA as a covariate and region (country) and treatment as fixed factors.
†Inferential statistics were based on analysis of covariance model with the baseline CST as a covariate and region (country) and treatment as fixed factors.
‡Inferential statistics were based on analysis of covariance model with the baseline CRLT as a covariate and region (country) and treatment as fixed factors.
§Inferential statistics were based on analysis of covariance model with the baseline total CNV size as a covariate and region (country) and treatment group as fixed factors.
¶The adjusted difference and its 95% CI were analysed by a stratified Cochran-Mantel-Haenszel test with region (country) as a factor.
BCVA, best-corrected visual acuity (letter score); CNV, choroidal neovascularisation; CRLT, central retinal lesion thickness; CST, central subfield thickness; FAS, full analysis set; n, 
number of participants with available data at week 52; N, total number of participants; n’, number of participants with available assessment results at week 52 (percentages are 
based on n’); RBZ, reference ranibizumab.
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higher numerically in the SB11 group compared with the RBZ 
group.

The incidence of ADAs and NAbs with SB11 is comparable 
with RBZ, and the cumulative incidence of ADAs at week 52 is 
within the known 1%–9% range for RBZ.30 Much larger studies 
would be needed to determine if these small numerical differ-
ences truly represented small differences in immunogenicity 

Table 2  Summary of all adverse events up to week 52 in the safety 
set

SB11
(N=350)
n (%)

RBZ
(N=354)
n (%)

TEAEs

 � Any TEAE 255 (72.9) 256 (72.3)

 � Ocular TEAEs in the study eye 112 (32.0) 105 (29.7)

 � Ocular TEAEs in the fellow eye 92 (26.3) 77 (21.8)

 � Non-ocular TEAEs 194 (55.4) 205 (57.9)

 � Serious TEAE 50 (14.3) 51 (14.4)

TEAEs by severity

 � Mild TEAEs 117 (33.4) 122 (34.5)

 � Moderate TEAEs 106 (30.3) 107 (30.2)

 � Severe TEAEs 32 (9.1) 27 (7.6)

TEAEs by relatedness

 � Related TEAEs 21 (6.0) 10 (2.8)

 � Not related TEAEs 234 (66.9) 246 (69.5)

SAEs (by relatedness)

 � Any SAE 52 (14.9) 52 (14.7)

 � Related SAEs 6 (1.7) 3 (0.8)

 � Not related SAEs 46 (13.1) 49 (13.8)

Serious ocular AE in the study eye (by preferred term)

 � Any ocular SAE in the study eye 10 (2.9) 8 (2.3)

 � Visual acuity reduced 2 (0.6) 1 (0.3)

 � Endophthalmitis 2 (0.6) 0 (0.0)

 � Cataract 2 (0.6) 0 (0.0)

 � Iridocyclitis 1 (0.3) 0 (0.0)

 � Macular oedema 1 (0.3) 1 (0.3)

 � Retinal haemorrhage 1 (0.3) 1 (0.3)

 � Retinal pigment epithelial tear 1 (0.3) 0 (0.0)

 � Subretinal fluid 1 (0.3) 1 (0.3)

 � Uveitis 1 (0.3) 0 (0.0)

 � Vitritis 1 (0.3) 0 (0.0)

 � Cataract subcapsular 0 (0.0) 1 (0.3)

 � Macular degeneration 0 (0.0) 2 (0.6)

 � Retinal artery occlusion 0 (0.0) 1 (0.3)

Serious ocular AE in the fellow eye (by preferred term)

 � Any ocular SAE in the fellow eye 3 (0.9) 2 (0.6)

 � Retinal haemorrhage 2 (0.6) 0 (0.0)

 � Age-related macular degeneration 1 (0.3) 0 (0.0)

 � Vitreous haemorrhage 1 (0.3) 0 (0.0)

 � Choroidal neovascularisation 0 (0.0) 1 (0.3)

 � Retinal artery occlusion 0 (0.0) 1 (0.3)

Serious non-ocular AE (Occurrence ≥0.5% in either treatment group) (by preferred 
term)

 � Any non-ocular SAE 41 (11.7) 42 (11.9)

 � Atrial fibrillation 4 (1.1) 3 (0.8)

 � Cardiac failure congestive 2 (0.6) 2 (0.6)

 � Pancreatitis acute 0 (0.0) 2 (0.6)

 � Cystitis 0 (0.0) 2 (0.6)

 � Femoral neck fracture 1 (0.3) 2 (0.6)

 � Acute kidney injury 3 (0.9) 1 (0.3)

 � Chronic obstructive pulmonary disease 2 (0.6) 0 (0.0)

 � Hypertension 3 (0.9) 0 (0.0)

AESI* 8 (2.3) 8 (2.3)

TEAEs leading to IP discontinuation

 � Any TEAEs leading to IP discontinuation 9 (2.6) 5 (1.4)

Continued

SB11
(N=350)
n (%)

RBZ
(N=354)
n (%)

 � Ocular TEAEs in the study eye leading to IP 
discontinuation

7 (2.0) 4 (1.1)

 � Ocular TEAEs in the fellow eye leading to IP 
discontinuation

0 (0.0) 0 (0.0)

 � Non-ocular TEAEs leading to IP discontinuation 2 (0.6) 1 (0.3)

Deaths 2 (0.6) 4 (1.1)

Percentages are based on the number of participants in the safety set.
Adverse events were coded to System Organ Class and preferred term using 
medical dictionary for regulatory activities (MedDRA) coding dictionary Version 
20.1.
If a participant had multiple events with different severity (or causality), then the 
participant was counted only once at the worst severity (or worst causality, ie, 
related) for the number of participants (N).
*Adverse events of special interest were collected using six different categories: 
category 1, any case of new onset intraocular pressure of >21 mm Hg that does not 
respond to treatment, except the transient pressure rise observed within an hour 
after intravitreal injection of IP; category 2, any case of intraocular pressure ≥35 mm 
Hg, at any time, that required treatment; category 3, any case of intraocular 
infection such as endophthalmitis; category 4, any case of intraocular inflammation 
such as iritis, vitritis and iridocyclitis; category 5, Iatrogenic traumatic cataract; 
category 6, arterial thromboembolic events defined as non-fatal stroke, non-fatal 
myocardial infarction or vascular death (including deaths of unknown as cause).
AE, adverse event; AESI, adverse event of special interest; IP, investigational 
product; n, number of participants with event; N, total number of participants; 
RBZ, reference ranibizumab; SAE, serious adverse event; TEAE, treatment-emergent 
adverse event.

Table 2  Continued

Table 3  Incidence of ADA and NAbs at weeks 24–52 in the safety 
set

Timepoint Parameter Result
SB11
(n=350) n/n’ (%)

RBZ
(n=354) n/n’ (%)

P 
value*

Overall cumulative incidence of ADA

 � Up to
 � week 52

ADA Positive 14/330 (4.2) 18/327 (5.5) –

Negative 312/330 (94.5) 308/327 (94.2) –

Inconclusive† 4/330 (1.2) 1/327 (0.3) –

Incidence of ADA and NAb at each visit

 � Week 24 ADA Positive 7/294 (2.4) 2/290 (0.7) 0.18‡

NAb Positive 0/7 (0.0) 1/2 (50.0) –

 � Week 36 ADA Positive 8/270 (3.0) 5/274 (1.8) 0.38§

NAb Positive 2/8 (25.0) 0/5 (0.0) –

 � Week 52 ADA Positive 9/257 (3.5) 12/267 (4.5) 0.56§

NAb Positive 1/9 (11.1) 0/12 (0.0) –

*P values calculated by using χ² or Fisher’s exact test to compare the distribution of 
positivity between treatment groups.
†The result was considered inconclusive in cases of positive ADA result at baseline and 
either negative ADA result or positive ADA result with equal or lower titre at the subsequent 
timepoint.
‡Two-sided p value was estimated based on Fisher’s exact test, if expected frequency in one 
cell was less than 5.
§Two-sided p value was estimated based on χ² test, if expected frequency in all cells was 
greater or equal to 5.
ADA, antidrug antibody; N, total number of participants; n, number of participants with the 
specified assessment result; n’, number of participants with available assessment results at 
each visit (percentages are based on n’); NA, not available; NAb, neutralising antibody; RBZ, 
reference ranibizumab.
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results. PK analyses showed comparable PK profiles and further-
more, systemic concentrations of both investigational drugs up 
to 52 weeks are below the 11–27 ng/mL RBZ concentration 
range necessary to inhibit the biological activity of VEGF-A by 
50%, thus limiting the potential for unintended effects due to 
systemic VEGF-A inhibition.31 Additionally, absorption of IVI 
anti-VEGF product into systemic circulation is very limited and 
sampling of vitreous fluid was not planned for this study, indi-
cating that systemic PK data have limitations in their interpre-
tation and were evaluated in this study primarily to support the 
overall assessment of the safety profiles of two products.32

Experience has shown that biosimilars in other fields of medi-
cine can contribute to reducing healthcare costs and improve 
patient’s access to therapies with approved labels.10–13 33 34 
Future research is warranted to investigate the contribution of 
RBZ biosimilars to reducing undertreatment in nAMD35–39 and 
improving the visual outcomes in the clinical practice setting.

SB11 is a ranibizumab biosimilar approved by FDA and EMA 
for nAMD, retinal vein occlusion and myopic choroidal neovas-
cularization.17 An economical component may be associated not 
only with the selection of a drug, but also the initiation and dura-
tion of an effective treatment. With SB11 and a number of other 
biosimilars under development, the availability of biosimilars 
may have a major role in ophthalmology,40 like the introduction 
of biosimilars (eg, SB2 as a biosimilar of infliximab) in other 
therapeutic areas.10–13 In summary, the longer-term results of 
SB11 support the previously reported efficacy, safety, immuno-
genicity and PK compared with RBZ in participants with nAMD, 
supporting its use as a safe and effective RBZ biosimilar.
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