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IMPORTANCE SB11 and reference ranibizumab (RBZ) are monoclonal anti–vascular endothelial
growth factor (VEGF)–A antibodies approved for the treatment of neovascular age-related
macular degeneration (nAMD) and other retinal diseases. The association of ranibizumab
immunogenicity and treatment outcomes in patients with nAMD is unclear but relevant
regarding concerns about immunogenicity of anti-VEGF biological products.

OBJECTIVE To examine the association of immunogenicity to ranibizumab products (SB11 and
RBZ) with efficacy, safety, and pharmacokinetics.

DESIGN, SETTING, AND PARTICIPANTS This was a post hoc analysis of a randomized,
double-masked, parallel-group phase 3 equivalence study with participants from 75 centers
in 9 countries conducted from March 14, 2018, to December 9, 2019. Included were
participants 50 years or older with nAMD and active subfoveal choroidal neovascularization
lesions.

INTERVENTIONS Intravitreal injection of SB11 or RBZ, 0.5 mg, every 4 weeks through week 48.

MAIN OUTCOMES AND MEASURES Serum antidrug antibodies (ADAs) were analyzed during the
study period until week 52 to measure immunogenicity. Analyses were performed on
immunogenicity (overall ADA positivity) with best-corrected visual acuity (BCVA) and central
subfield thickness (CST). Adverse events associated with intraocular inflammation (IOI) and
serum ranibizumab levels were compared between overall ADA-positive and ADA-negative
participants.

RESULTS A total of 705 participants (mean [SD] age, 74.1 [8.5] years; 403 female individuals
[57.2%]) were included in the study. The overall incidence of ADA-positivity was 32 of 657
(4.9%) at week 52. The least-squares mean (SE) differences between overall ADA-positive
and ADA-negative participants up to week 52 for BCVA and CST, respectively, were 1.6 (2.2)
letters (95% CI, −2.7 to 5.8; P = .46) and 3 (13) μm (95% CI, −23 to 29; P = .83). IOI-related
events occurred in 1 of 32 overall ADA-positive participants (3.1%) and 4 of 620 overall
ADA-negative participants (0.6%). Mean (SD) serum ranibizumab concentrations over time
were slightly lower in overall ADA-positive participants compared with those of ADA-negative
participants, with a maximum value of 1389.3 (875.4) pg/mL at week 16 vs 1665.4 (1124.0)
pg/mL at week 36, respectively.

CONCLUSIONS AND RELEVANCE Results of this post hoc analysis of an equivalence trial suggest
that immunogenicity was not associated with efficacy and safety of SB11 and RBZ in
participants with nAMD. With a low overall ADA incidence, no clear association was identified
between overall ADA positivity and pharmacokinetics. These findings support the
biosimilarity of SB11 and RBZ, with no safety concern identified for SB11 vs RBZ associated
with immunogenicity.
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T herapeutic biologic agents (biologics) targeting vascu-
lar endothelial growth factor A (VEGF-A) are currently
the main pharmaceutical treatment option for patients

withneovascularage-relatedmaculardegeneration(nAMD).1 De-
spite their treatment success, biologics can incite immune re-
sponses(ie, immunogenicity)againstthemselves,whichcanlead
to the production of antidrug antibodies (ADAs).2,3 Some ADAs
with specificity to the antigen-binding site have a neutralizing
effect.4 Such neutralizing ADAs (NAb) may alter pharmacoki-
netic (PK) properties and impair drug efficacy.5 Furthermore,
ADAs may increase the likelihood for hypersensitivity or other
adverse events and thus potentially affect the safety profile of
the biologic.6

Ranibizumab-nuna (Byooviz) (SB11; Samsung Bioepis) is
a biosimilar of ranibizumab (Lucentis) (RBZ; trademark of
Genentech Inc).7 Biosimilars are biologics that are highly simi-
lar and without clinically relevant differences in quality, PK,
efficacy, or safety profiles compared with the reference prod-
uct based on the comprehensive comparability exercise.8-14

Equivalent efficacy of SB11 in study participants with nAMD
was demonstrated in a head-to-head comparison at each visit
through 52 weeks of treatment.15 SB11 was approved by the Eu-
ropean Commission on August 18, 2021, and by the US Food
and Drug Administration (FDA) on September 17, 2021, for the
treatment of nAMD and other retinal diseases.16,17

Based on historical RBZ data, ADA were present in ap-
proximately 1% to 9% of participants after a treatment period
of 6 to 24 months compared with baseline values (preexist-
ing ADA) of approximately 0% to 5%.18 The observation that
some of the participants with the highest ADA levels devel-
oped vitritis or iritis led to concerns about a potential associa-
tion between the immunogenicity of RBZ and a propensity for
intraocular inflammation (IOI).18,19 If such an association in-
deed exists, it is unclear whether ADA are the consequence of
inflammatory changes in the eye or vice versa.

To date, the potential association of immunogenicity of ra-
nibizumab products (SB11 and RBZ) with treatment outcomes
is unknown. Thus, potential safety concerns regarding immu-
nogenicity to anti-VEGF biosimilar products intended for com-
mon use would seem to warrant further investigation. There-
fore, the association between ranibizumab immunogenicity and
PK, efficacy, and safety parameters was investigated in a post hoc
analysis of a phase 3 clinical trial in participants with nAMD
treated with SB11 or RBZ for 52 weeks.15

Methods
Study Design
This post hoc analysis of a randomized, double-masked,
parallel-group, multicenter, phase 3 equivalence trial exam-
ined the association between immunogenicity and PK, effi-
cacy, and safety profiles of 2 ranibizumab products.20 A
description of trial procedures, eligibility criteria, and end
points has been published previously (Supplement 1 and
Supplement 2).15,21 Participants from the following races com-
pleted the 52-week follow-up: Asian, White, and other, and
participants from the following ethnicities completed the

52-week follow-up: Hispanic or Latino, Indian (Indian subcon-
tinent), Japanese, multiethnic, and other. Other race or eth-
nicity included individuals who identified with a race or eth-
nicity not previously listed, that could not be reported per
local regulations, or was unknown. Race and ethnicity data
were collected as a regulatory guidance requirement. After
participants signed the written informed consent that was
approved by local institutional review boards, they were
randomly assigned 1:1 to receive intravitreal injections of
either SB11, 0.5 mg, or RBZ, 0.5 mg, every 4 weeks until
week 48. Study participants did not receive any compensa-
tion or incentives for participation. The primary outcome
was change in best-corrected visual acuity (BCVA) from
baseline to week 8 for the FDA and change in central sub-
field thickness (CST) from baseline to week 4 for the Euro-
pean Medicines Agency. Secondary outcomes included
adverse events (AEs), serum concentrations of ranibizumab,
and immunogenicity at different time points. This study
followed the Consolidated Standards of Reporting Trials
(CONSORT) reporting guidelines.

Immunogenicity Analysis and Measurement
Immunogenicity analyses were performed on the safety set
(SAF), which included all randomly assigned participants who
received at least 1 ranibizumab injection during the study pe-
riod. Blood samples for the assessment of immunogenicity
were collected before ranibizumab injection at week 0 (day 1),
4, 8, 16, 24, 36, and at any day during week 1 and 52. ADA and
NAb were measured using a validated electrochemilumines-
cence immunoassay with an assay sensitivity level higher than
that required by the most recent FDA guideline on immuno-
genicity assay development (eMethods in Supplement 3).22,23

Overall ADA results were categorized into overall ADA nega-
tive, preexisting ADA, or overall ADA positive for this study.
Participants were determined to be overall ADA negative if they
had ADA-negative results at baseline (week 0, predose), as well
as after baseline. Participants with a positive baseline ADA re-
sult without titer increase during the study period were con-
sidered to have preexisting ADA. Study participants were con-
sidered overall ADA positive in the following cases: (1) negative

Key Points
Question How is immunogenicity to ranibizumab products
associated with efficacy, safety, and pharmacokinetic (PK) profiles
in patients with neovascular age-related macular degeneration
(nAMD)?

Findings This post hoc analysis of a randomized equivalence trial
did not reveal statistical or clinically relevant differences for
best-corrected visual acuity or central subfield thickness between
participants with and without antidrug antibodies. The observed
association with PK and safety did not appear to be clinically
relevant.

Meaning Results suggest that the incidence of antidrug
antibodies was low for ranibizumab products, and its
immunogenicity did not seem to have a clinically relevant
association with their efficacy, safety, or PK profiles.
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ADA result at baseline and at least 1 positive postbaseline ADA
result or (2) positive ADA result at baseline and at least 1 post-
baseline ADA result with a higher titer than at baseline (ie, an
increase in ADA level). Overall ADA status was defined as the
accumulated count of ADA-positive results. NAbs were ana-
lyzed in ADA-positive participants. Overall NAb positive was
defined as at least 1 positive NAb measurement at any time dur-
ing the study (including baseline).

Analyses were conducted on the association of immuno-
genicity with efficacy, safety, and PK parameters (excluding
participants with preexisting ADA). In a preplanned analysis,
participants from both treatment arms were pooled based on
overall ADA and NAb status to increase statistical power to de-
tect potential associations between immunogenicity and other
outcome measurements of ranibizumab products.

Association of Immunogenicity With Efficacy Parameters
Analyses on efficacy parameters were performed on the full
analysis set. The full analysis set included all randomly as-
signed participants who received at least 1 ranibizumab injec-
tion. Analyzed efficacy parameters included BCVA and CST at
each visit. Analyses were based on overall ADA and NAb re-
sults up to week 52, respectively.

Immunogenicity and Safety
To assess the association of overall ADA-positivity with safety,
IOI-related AEs were investigated using the SAF. Individual IOI-
related cases were briefly summarized. AEs were reported by
the investigator and coded to preferred term in the Medical
Dictionary for Regulatory Activities, version 20.1 (Interna-
tional Council for Harmonisation). The preferred term for IOI was
selected under the high-level group term of ocular infections,
irritation, and inflammation (eTable 1 in Supplement 3).

PK Analyses
Analyses were performed on participants in the PK analysis set,
with at least 1 serum ranibizumab measurement. Blood samples
for the assessment of PK parameters were collected before ra-
nibizumab injection (predose), as well as 24 to 72 hours after
ranibizumab injection (postdose) at week 0 (day 1), week 4, 8,
16, 24, and 36, and during the visit at any day of week 1 and 52
(end of study visit). Mean and maximum serum ranibizumab
concentrations were analyzed according to overall ADA sta-
tus up to week 52.

Statistical Analysis
Association between immunogenicity and efficacy of ranibi-
zumab products was determined by analysis of covariance that
adjusted for baseline difference between overall ADA-positive
and ADA-negative participants resulting in least-square (LS)
means with 95% CI. For BCVA outcome, the analysis of covari-
ance model included baseline BCVA as a covariate and region
(country) and overall ADA status as fixed factors. The same ap-
proach was used for CST using baseline CST as a covariate in-
stead. All P values were 2-sided, but no threshold was chosen
for statistical significance given the exploratory nature of these
post hoc analyses. SAS software, version 9.4 (SAS Institute) was
used for this post hoc analysis.

Results

Study Participant Disposition and Baseline
Characteristics by Overall ADA Status
Of 1095 screened patients, 705 study participants (mean [SD]
age, 74.1 [8.5] years; 403 female individuals [57.2%]; 302 male
individuals [42.8%]) were randomly assigned to receive either
SB11 (n = 351 [49.8%]) or RBZ (n = 354 [50.2%]) across 75 cen-
ters in 9 countries globally from March 14, 2018, to December
9, 2019. A total of 634 participants (89.9%; SB11 group, 307
[48.4%]; RBZ group, 327 [51.6%]) completed the 52-week fol-
low-up visit.15 Participants from the following races com-
pleted the 52-week follow-up: 94 Asian (14.8%), 536 White
(84.5%), and 4 other (0.6%), and participants from the follow-
ing ethnicities completed the 52-week follow-up: 8 Hispanic or
Latino (1.3%), 19 Indian (Indian subcontinent) (3.0%), 1 Japa-
nese (0.2%), 32 multiethnic (5.0%), and 574 other (90.5%).

Preexisting ADA were present in 11 of 691 participants
(1.6%; SB11 group, 7 of 343 [2.0%]; RBZ group: 4 of 348 [1.1%]).
Of these, 1 of 11 participants (9.1%) had NAb (SB11 group, 1 of 7
[14.3%]; RBZ group, 0 of 4 [0%]). The incidence of overall ADA-
positive participants up to week 52 was similar, with 14 of 330
participants (4.2%) and 18 of 327 participants (5.5%) for the SB11
and RBZ groups, respectively (32 of 657 for pooled treatment
groups [4.9%]) (Figure 1; eTable 2 in Supplement 3; ADA-
positive rates at each visit are shown in eTable 3 in Supple-
ment 3). The overall incidences of NAb in ADA-positive (over-
all or preexisting ADA) participants treated with SB11 and RBZ
up to week 52 were 4 of 18 (22%) and 3 of 19 (16%), respec-
tively, (7 of 37 [19%] for pooled treatment groups) (Figure 1;
eTable 2 in Supplement 3).

Baseline demographics and disease characteristics did not
reveal any notable difference between overall ADA-positive and

Figure 1. Incidence of Overall Antidrug Antibody (ADA)–
and Neutralizing ADA (NAb)–Positive Participants
at Week 4, 8, 24, and 52 (Safety Set, Pooled Treatment Groups)
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Percentages for overall ADA-positive participants were based on a total number
of 657 participants: week 4, 13 of 657 (2%), week 8, 15 of 657 (2.3%), week 24,
20 of 657 (3.0%), and week 52, 32 of 657 (4.9%). In terms of NAb-positive
participants, percentages were as follows: week 4, 3 of 19 ADA-positive
participants (including both overall ADA positive and preexisting ADA positive);
at week 8, 4 of 21; week 24, 5 of 25; and week 52, 7 of 37.
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ADA-negative participants up to week 52 (pooled treatment
arms are listed in Table 1). Mean (SD) baseline BCVA letter
score did not differ between overall ADA-positive and
ADA-negative participants: overall ADA positive, 60.9 (9.2);
approximate Snellen equivalent, 20/63 vs overall ADA
negative, 58.2 (10.8); approximate Snellen equivalent,
20/63; difference, 2.7 letters; 95% CI, −1.1 to 6.5 letters;
P = .16. However, baseline CST was smaller in the overall
ADA-positive group with a mean (SD) of 364 (108) μm vs 412
(119) μm for the overall ADA-negative group (differ-
ence = −48 μm; 95% CI, −90 to −5 μm; P = .03).

Efficacy Association
Analysis of BCVA letter score changes from baseline to week
8 showed no differences between overall ADA-positive par-
ticipants (n = 15) and overall ADA-negative participants
(n = 627) up to week 8: LS mean (SE) changes were 3.6 (2.1) let-
ters and 6.8 (0.4) letters, and LS mean (SE) difference was −3.2
(2.1) letters (95% CI, −7.3 to 1.0; P = .13). Similarly, the change
in CST from baseline to week 4 did not differ between overall
ADA-positive participants (n = 13 at week 4) and overall ADA-
negative participants (n = 633 at week 4): LS mean (SE) changes
were −94 (21) μm and −105 (4) μm, respectively, and LS mean
(SE) difference was 11 (21) μm (95% CI, −30 to 53 μm; P = .58).

From baseline to week 52, the changes in BCVA and CST
were not associated with overall ADA status (Table 2; Figure 2A

and C). For BCVA letter score, the LS mean (SE) changes for over-
all ADA-positive participants vs overall ADA-negative partici-
pants were 11.7 (2.2) letters vs 10.1 (0.6) letters, and the LS mean
(SE) difference was 1.6 (2.2) letters (95% CI, −2.7 to 5.8; P = .46)
at week 52. The LS mean (SE) changes in CST for overall ADA-
positive participants vs overall ADA-negative participants were
−130 (13) μm vs −133 (4) μm, and the LS mean (SE) difference
was 3 (13) μm (95% CI, −23 to 29; P = .83) at week 52.

The association with NAb has also been analyzed
(Figures 2B and D). The results are presented as exploratory
summary statistics, as adjusting for baseline factors would not
have been meaningful due to the small number of partici-
pants with NAb (n = 7). Mean (SD) changes from baseline
to week 52 in overall NAb-positive and NAb-negative par-
ticipants were, respectively, 16.2 (6.1) letters vs 10.6 (7.2) let-
ters for BCVA letter score and −108 (107) μm and −82 (81)
μm for CST.

Safety Association
Among the 32 participants of the SAF who had an overall ADA-
positive result by week 52, drug-related IOI AEs occurred in 1
participant (participant A in the SB11 group) (eTable 5 in Supple-
ment 3), resulting in an incidence rate of IOI among ADA-
positive participants of 1 of 32 (3.1%). Participant A had 3 IOI
AEs in total (iridocyclitis and vitritis on study day 225 and vi-
tritis on study day 309). All IOI events resolved after treatment

Table 1. Demographic and Baseline Characteristics Between Overall Antidrug Antibody (ADA) Status
(Randomized Set, Pooled Treatment Groups)a

Characteristic

Overall ADA, mean (SD)

P valuebPositive (n = 32) Negative (n = 620)
Age, y 71.3 (9.9) 74.1 (8.4) .07

Sex, No. (%)

Male 16 (50.0) 264 (42.6)
.41

Female 16 (50.0) 356 (57.4)

Race, No. (%)c

American Indian or Alaska Native 0 0

.57

Asian 6 (18.8) 87 (14.0)

Black or African American 0 0

Native Hawaiian or Other Pacific Islander 0 1 (0.2)

White 26 (81.3) 528 (85.2)

Otherd 0 4 (0.6)

Weight, kg 76.9 (15.8) 76.2 (16.3) .83

Height, cm 169.0 (11.8) 165.1 (9.6) .03

BMIe 26.8 (4.1) 27.9 (4.9) .22

BCVA, letter score 60.9 (9.2) 58.2 (10.8) .16

Approximate Snellen equivalent 20/63 20/63

CST, μm 364 (108) 412 (119) .03

CRLT, μm 318 (117) 357 (143) .13

CNV size, mm2 7.26 (5.56) 8.07 (5.05) .38

Lesion type, No. (%)

No CNV 0 1 (0.2)

.16

Classic CNV 2 (6.3) 49 (7.9)

Classic and occult CNV 6 (18.8) 218 (35.2)

Occult CNV 24 (75.0) 352 (56.8)

Disciform scar 0 0

Abbreviations: BCVA, best-corrected
visual acuity; BMI, body mass index;
CNV, choroidal neovascularization;
CRLT, central retinal lesion thickness;
CST, central subfield thickness.
a Participants from both treatment

groups were pooled to make a
subgroup analysis feasible.

b Fisher exact test was used for race
and lesion type, χ2 test was used for
other categorical measures, and
F test was used for continuous
measures.

c Race was classified into American
Indian or Alaska Native, Asian, Black
or African American, Native
Hawaiian or Other Pacific Islander,
White, or other based on
self-identification from options
predetermined by the clinical study
case report form.

d Other race included individuals who
identified with a race not previously
listed, a race that could not be
reported per local regulations, or
unknown race.

e BMI is calculated as weight in
kilograms divided by height in
meters squared.
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with topical ophthalmic corticosteroids, while study treat-
ment was continued as scheduled. The first positive ADA re-
sult in this participant was reported on study day 260, and ADA
positivity lasted until the end of the study. However, no im-
munogenicity assessment was performed between study days
170 and 259 for this participant as planned by the protocol;
therefore, the exact timing of ADA occurrence could not be de-
termined. The participant completed the study through the
week-52 visit. There were no BCVA changes due to inflamma-
tion in this participant.

In the overall ADA-negative group, 4 of 620 participants
(0.6%) experienced at least 1 IOI event in the study eye (par-
ticipants B-E in the SB11 group) (eTable 5 in Supplement 3). Most
events were reported not to be associated with the study
drug as participants B and C had clinically confirmed infec-
tious endophthalmitis. Participant D had serious (ie, sight-
threatening and hospitalization-requiring) iridocyclitis neces-
sitating study drug discontinuation, and the investigator
reported that the protocol-related procedure is the cause of the
event other than the study drug, and the persistent BCVA de-
crease was due to cataract progression. Participant E devel-
oped uveitis 4 days after cataract surgery, and both partici-
pants D and E were noted to have a hypopyon. For participant
D, cultures were negative; for participant E, no culture re-
sults were available. All 4 participants underwent vitrectomy
with antibiotic treatment. No participant had retinal vasculitis-
associated adverse events.

PK Association
No formal statistical analysis was warranted due to the low total
numbers of ADA-positive participants in the PK analysis set
(3 of 54 [5.6%]).15 Of the 3 overall ADA-positive participants,
2 were treated with SB11. In both participants, ADA were
detected at the end of the trial (week 52). At this time point,
serum ranibizumab concentrations were below the limit of
quantification, similarly to predose concentrations at other vis-
its. The third participant was treated with RBZ and was ADA
positive at week 36. Predose and postdose serum ranibi-
zumab concentrations at week 36 were comparable with those
of previous visits. Overall, maximum observed mean (SD)
postdose concentrations up to week 52 were 1389.3 (875.4)
pg/mL at week 16 and 1665.4 (1124.0) pg/mL at week 36 for
overall ADA-positive and ADA-negative participants, respec-
tively. Mean serum ranibizumab concentrations over time
were lower in overall ADA-positive participants compared
with ADA-negative participants (Figure 3 and eTable 4 in
Supplement 3).

Discussion
Results of this post hoc analysis of a randomized, controlled,
phase 3 equivalence trial in participants with nAMD treated
with SB11 or RBZ, suggest that immunogenicity was not asso-
ciated with efficacy or safety of the ranibizumab products. Both
products had similarly low overall ADA-positivity and NAb-
positivity rates, with approximately 5% of participants devel-
oping ADA, and 19% of the aforementioned 5% developing NAb

within 1 year of treatment. Baseline characteristics were well
balanced between overall ADA-positive and ADA-negative
participants, although overall ADA-positive participants had a
slightly smaller CST. As no confounding factor was identified
that could explain this finding, the difference might have
arisen due to chance. The efficacy analyses indicated no asso-
ciation of overall ADA positivity and/or NAb positivity with
changes in the clinical (BCVA) and anatomical (CST) efficacy
end points. Overall, NAb-positive participants appeared to
have similar efficacy outcomes compared with NAb-negative
participants with no detectable association of NAb with
ranibizumab efficacy.

To investigate the association of immunogenicity with
safety, IOI-related AEs were examined. Of 5 participants (0.7%)
who experienced IOI in this trial, 1 (participant A) was ADA posi-
tive. The IOI resolved after treatment with topical ophthal-
mic corticosteroids, without discontinuation of the investiga-
tional product. Association of IOI events with ranibizumab vs
injection procedure or patient-related confounding factors, in-
cluding the underlying disease, could not be clearly estab-
lished. This conclusion was based on the safety profile of ra-
nibizumab, according to which the majority of AEs were
associated with the intravitreal injection procedure24 and on
the observation that all IOI events experienced by participant
A resolved without treatment discontinuation.

Previous RBZ clinical studies, which investigated RBZ, 0.5
mg, in nAMD, reported IOI-related AE rates of 0.5% to 15% af-
ter 1 year of treatment.25,26 Among AEs after intravitreal in-
jections, subclinical anterior-chamber inflammation has been
reported in up to 2% of participants who were treated with
RBZ,27 and sterile uveitis/endophthalmitis was observed in
0.05% to 4.4% of participants, depending on the type of anti-
VEGF treatment, which is consistent with the data shown
here.28,29 So far, only brolucizumab was described to induce
inflammatory retinal vasculitis (eg, 3.3% of brolucizumab in-
jections in the Efficacy and Safety of RTH258 vs Aflibercept

Figure 3. Mean Serum Concentration of Ranibizumab According
to Overall Antidrug Antibody (ADA) Status up to Week 52
(Pharmacokinetics Analysis Set, Pooled Treatment Groups)
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Study 1 (HAWK) and Efficacy and Safety of RTH258 vs Afliber-
cept Study 2 (HARRIER) trials.28,30,31 In the trial reported here,
no IOI was associated with retinal vasculitis. Busch and
colleagues32 reported higher ADA-positivity rates in partici-
pants treated with brolucizumab than in those treated with
RBZ (18.2% vs 2.6%). Nevertheless, high ADA levels did not
necessarily result in IOI. However, IOI occurred more often in
ADA-positive than ADA-negative brolucizumab-treated par-
ticipants (6% vs 2%).33

In summary, the IOI cases observed in this study ap-
peared consistent with the known safety profile of ranibi-
zumab, where the relatively rare risk of IOIs is described
among intravitreal injection-related reactions.24 Notably, the
IOIs with SB11 did not appear to be atypical in their presenta-
tion or clinical course, and there was no evidence of occlusive
retinal vasculitis.

Although no formal statistical analysis was possible due
to the low numbers of ADA-positive cases, the data indicated
a possible negative association between ADA occurrence and
serum ranibizumab concentrations. However, this finding may
have little clinical relevance due to the extremely low serum
levels (ie, 0.1% of vitreous fluid concentrations) and large varia-
tions in serum ranibizumab concentrations.34 Very few data
are available on the association of serum and vitreous ranibi-
zumab concentrations. Serum half-life was estimated to be ap-
proximately 2 hours to 5.8 days, compared with approxi-
mately 7 to 9 days in vitreous fluid.35 Thus, vitreous fluid drug
concentration measurements would have been needed to de-
termine whether overall ADA positivity led to lower drug con-
centrations at the site of action (ie, the retina). However, vit-
reous fluid sampling was not feasible in this study and may
have exposed study participants to unnecessary procedures.

The main factors contributing to immunogenicity can be
distinguished in patient- or disease-related factors (eg, genet-
ics, age, underlying disease) and product-related factors (eg,
preexisting antibodies, protein structure, aggregation, or

impurities).36-38 Notably, development of biosimilars re-
quires extensive scientific analyses and stringent manufac-
turing processes as defined by Good Manufacturing Practice
conditions.39 Concordantly, both SB11 and RBZ seem to elicit
low immunogenicity responses. To our knowledge, this was
the first report examining the association of immunogenicity
with the efficacy, safety, and PK profiles of ranibizumab prod-
ucts. These data may be relevant to allay concerns regarding
immunogenicity of anti-VEGF biosimilar products, eg, SB11, in
daily use.29

Limitations
An important limitation of this study was the small number
of participants who developed ADA and/or NAb over the course
of the study period and the limited number of participants with
PK measurements, which reduced the power to avoid false-
negative results. Thus, additional studies with larger patient
cohorts (eg, studies from clinical practice settings obtained
from big data sets) seem warranted.

Conclusions
Results of this post hoc analysis of a randomized, controlled,
phase 3 equivalence trial revealed no apparent association of
immunogenicity with efficacy or safety of 2 ranibizumab prod-
ucts (SB11 and RBZ) in participants with nAMD. A potential as-
sociation between immunogenicity and PK profiles of SB11 and
RBZ could not be excluded. SB11 and RBZ appeared to have
comparable immunogenicity and safety profiles, supporting
previously published data regarding the safety and efficacy of
SB11 in patients with nAMD.15,21,29 These findings suggest that
particular concerns about immunogenicity and overall safety
of this anti-VEGF biosimilar that will be used to treat retinal
diseases29 do not appear warranted at this time, although rou-
tine pharmacovigilance monitoring remains warranted.
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