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IMPORTANCE Proposed biosimilar natalizumab (biosim-NTZ) PB006 is the first biosimilar
monoclonal antibody therapy developed for multiple sclerosis (MS) treatment.

OBJECTIVE To evaluate matching efficacy, safety, and immunogenicity between biosim-NTZ
and reference natalizumab (ref-NTZ) in patients with relapsing-remitting MS (RRMS).

DESIGN, SETTING, AND PARTICIPANTS The Antelope trial was a phase 3, parallel-group,
randomized, active-controlled study, conducted between October 2019 and March 2021,
with last patient follow-up visit on August 23, 2021. The study took place in 48 centers in
7 countries. Of 531 patients with RRMS aged 18 to 60 years screened, 266 were excluded
before randomization in line with study criteria. Eligible participants had 1 or more
documented relapse within the previous year and either 1 or more gadolinium-enhancing
T1-weighted or 9 or more T2-weighted brain lesions, Kurtzke Expanded Disability Status
Scale score of 0 to 5.0 (inclusive), and John Cunningham virus index of 1.5 or less at
screening. One patient withdrew consent before dosing.

INTERVENTIONS Intravenous infusions every 4 weeks of biosim-NTZ, 300 mg, or ref-NTZ,
300 mg (1:1 randomization), from week 0 to week 44 (end-of-study visit: week 48). At week
24, the ref-NTZ group was rerandomized and 30 patients were switched to biosim-NTZ for
the remainder of the study.

MAIN OUTCOMES AND MEASURES The primary end point was the cumulative number of new
active lesions on magnetic resonance imaging (new gadolinium-enhancing T1-weighted
lesions and new/enlarging T2-weighted lesions without double counting) over 24 weeks.
Additional end points included further magnetic resonance imaging parameters, annualized
relapse rate, and Kurtzke Expanded Disability Status Scale score. Safety, tolerability, and
immunogenicity assessments included adverse events, laboratory evaluations, and positivity
for anti–John Cunningham virus antibodies and antinatalizumab antibodies.

RESULTS A total of 264 participants (mean [SD] age, 36.7 [9.38] years; 162 [61.4%] female)
received treatment with biosim-NTZ (n = 131) or ref-NTZ (n = 133). At week 24, the
model-based mean difference in cumulative number of new active lesions between
biosim-NTZ and ref-NTZ treatment groups was 0.17 (least square means [SE]: biosim-NTZ,
0.34 [0.34]; ref-NTZ, 0.45 [0.28]; 95% CI, –0.61 to 0.94 within the prespecified margins of
±2.1). No significant differences between treatment groups were observed across secondary
efficacy end points, safety, tolerability, or immunogenicity assessments.

CONCLUSIONS AND RELEVANCE Biosim-NTZ matched ref-NTZ in efficacy, safety, and
immunogenicity for patients with RRMS in the tested setting. This phase 3 trial supports
proposed biosim-NTZ as a biosimilar alternative to ref-NTZ for treating RRMS.
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D isease-modifying therapies (DMTs), particularly tar-
geted biologic medicines, have revolutionized health
care in the treatment of chronic conditions such as mul-

tiple sclerosis (MS).1,2 However, DMTs are the primary drivers
of health care costs after MS diagnosis,3-7 particularly in re-
lapsing-remitting MS (RRMS), which accounts for 85% of ini-
tial diagnoses and is associated with the highest treatment costs
of all MS subtypes.5,8,9

Due to continuously increasing health care costs, uni-
form access to DMTs remains difficult.10-12 In other therapy
areas, such as rheumatology and oncology, the introduction
of biosimilars, defined as medicines highly similar and with
no clinically meaningful differences to an already marketed
reference biologic medicine, demonstrated significant cost
savings and improved treatment access.13-15 Biosimilar medi-
cines may thus open the door for not only effective and safe,
but also affordable biologic treatments for MS.

The humanized monoclonal antibody natalizumab was the
first targeted biologic therapy to be approved for RRMS.16-18

Natalizumab binds to the α4 subunit of α4β1 and α4β7 integ-
rins, inhibiting leukocyte adhesion to vascular adhesion mol-
ecules and disrupting leukocyte transmigration across the
blood–brain barrier.16,17 In Europe and the US, natalizumab is
indicated as monotherapy in patients with RRMS with high dis-
ease activity despite previous DMT or in rapidly evolving se-
vere RRMS.18,19 In the US, it is also approved for use in adults
with active moderate to severe Crohn disease who have had
an inadequate response to, or are unable to tolerate, other
therapy lines.18

PB006 is a biosimilar natalizumab (biosim-NTZ) and was
developed by Polpharma Biologics SA as a proposed biosimi-
lar to the reference natalizumab (ref-NTZ) in accordance with
US Food and Drug Administration (FDA) and European Medi-
cines Agency (EMA) guidelines, which require biosimilars to
match the reference medicine in analytical comparability, bio-
equivalence, safety, efficacy, and immunogenicity, confirm-
ing no clinically relevant differences in performance across
approved indications.15,20,21

Previous pharmacokinetic/pharmacodynamic and safety
studies in healthy participants provided evidence to support
PB006 phase 3 studies involving patients with RRMS.22,23 The
primary objective of the Antelope study was to confirm equiva-
lent efficacy between biosim-NTZ and ref-NTZ in patients with
RRMS by assessing magnetic resonance imaging (MRI)–based
end points supported by clinical, safety, and immunogenic-
ity secondary end point analyses. The potential impact of
switching from ref-NTZ to biosim-NTZ on efficacy outcomes
and immunogenicity was also assessed in a subpopulation
analysis.

Methods
Study Design
Antelope was a phase 3, multicenter, double-blind, active-
controlled, randomized, parallel-group trial conducted at 48
centers across Belarus, Croatia, Georgia, Moldova, Poland, Ser-
bia, and Ukraine. A statistical equivalence design was chosen

to assess similarity between biosim-NTZ and ref-NTZ in effi-
cacy, safety, and immunogenicity. The study was conducted
in accordance with International Council for Harmonisation
Good Clinical Practice, the Declaration of Helsinki,24 and rel-
evant ethics committee or regulatory agency procedures. In-
dependent ethics committees and health authorities ap-
proved the study before initiation, and patients or their legally
authorized representatives signed statements of informed
consent before enrollment and reconsent during the trial.

The trial initiated in October 2019 and completed in March
2021, with the last patient follow-up visit (24 weeks after last
dosing) on August 23, 2021. A sensitivity analysis on a pre–
COVID-19 per-protocol population was planned to account
for any major deviations related to COVID-19. However, this
analysis is not reported as there were no missing data to
impute. The full trial protocol is available in Supplement 1.
The study followed the Consolidated Standards of Reporting
Trials (CONSORT) reporting guideline.

Participants
Eligible participants were male and female individuals aged
18 to 60 years diagnosed with RRMS, as defined by the
revised 2010 McDonald criteria.25 At screening, inclusion cri-
teria included 1 or more documented relapse within the pre-
vious year and either 1 or more gadolinium-enhancing T1-
weighted or 9 or more T2-weighted brain lesions on MRI and
a Kurtzke Expanded Disability Status Scale (EDSS) score of
0 to 5.0 (inclusive).26

Eligible participants included those undergoing and not
undergoing disease therapy. The use of corticosteroids for 3
to 5 days to treat relapses and symptomatic MS, if they were
stable for at least 3 months before screening, was also al-
lowed as concomitant therapy during the study. However,
patients who exhibited a relapse within the 30 days before
screening and until administration of the first dose of the study
drug were excluded.

Progressive multifocal leukoencephalopathy (PML), a rare,
potentially fatal, demyelinating disease of the central ner-
vous system arising from infection with the John Cunning-
ham human polyomavirus (JCV), is a known safety concern
associated with some DMTs, notably ref-NTZ.18,27-29 Key ex-
clusion criteria therefore included JCV index more than 1.5

Key Points
Question Does proposed biosimilar natalizumab (biosim-NTZ)
PB006 match reference natalizumab (ref-NTZ) in terms of
efficacy, safety, and immunogenicity in patients with
relapsing-remitting multiple sclerosis (RRMS)?

Findings In this randomized, double-blind phase 3 clinical trial,
264 adult patients with RRMS received treatment with either
biosim-NTZ or ref-NTZ. At week 24, the model-based mean
difference in the cumulative number of new active lesions was
similar between treatment groups.

Meaning The study demonstrated that biosim-NTZ matches
the efficacy, safety, and immunogenicity of ref-NTZ in patients
with RRMS.
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at screening and past or current PML diagnosis, as well as prior
treatment with natalizumab, alemtuzumab, ocrelizumab,
daclizumab, rituximab, cladribine, or other B- and T-cell–
targeting therapies.

Patients positive for low-titer JCV (JCV index <1.5) were in-
cluded in the study as the level of PML risk in patients who did
not previously receive immunosuppressive therapies could be
quantified by association with the anti-JCV antibody index.30

Detailed exclusion criteria can be found in the trial protocol
in Supplement 1.

Randomization and Masking
Eligible consenting participants were randomly assigned to 1 of
2 treatment groups 1:1 to receive intravenous infusions every 4
weeks of 300 mg of biosim-NTZ or 300 mg of ref-NTZ, starting
at visit 1 (week 0) through to visit 12 (week 44) for a total of 12
infusions. At week 24, patients in the ref-NTZ group under-
went rerandomization, whereby 30 patients were switched from
ref-NTZ to biosim-NTZ for the remainder of their infusions
(total 6 infusions each of ref-NTZ and biosim-NTZ) (Figure 1).

Patients were randomized dynamically using Medidata Ran-
domization and Trial Supply Management integrated with elec-
tronic data capture (Rave), carried out in a double-blind fashion.
Anunblindedpharmacist/designeewasresponsibleformaintain-
ing accountability, blinding, and dispensing the study drugs ac-
cording to the handling instructions. All other study center per-
sonnel remained blinded to the study drug until database lock.
Randomization was stratified at screening by absence/presence
of gadolinium-enhancing lesions (0 and >0), presence of T2
lesions (≤15 and >15), and JCV status (negative and positive).

Study Procedures and End Points
The primary efficacy end point assessed the cumulative num-
ber of new active lesions on MRI of the brain (new gadolinium-
enhancing T1-weighted lesions and new/enlarging T2-
weighted lesions) over 24 weeks in the per-protocol population.
The use of week 24 as the readout for the primary end point

was agreed with the health authorities and is supported by the
treatment effect observed at early time intervals in natali-
zumab studies.31

A comprehensive range of secondary radiologic out-
comes were also assessed (eAppendix 1 in Supplement 2). Cen-
tral review of lesion assessment was performed by a trained
and certified radiology reviewer using MRI with a macrocy-
clic gadolinium-enhancing–based contrast agent.

Annualized relapse rate (ARR) and change from baseline
EDSS score after 24 and 48 weeks were secondary clinical end
points. Relapse was defined as the appearance of a new neu-
rologic abnormality or worsening of previously stable or im-
proving preexisting neurologic abnormality, present for more
than 24 hours and occurring in the absence of fever (tempera-
ture <37.5 °C) or infection and separated by 30 or more days
from onset of a preceding clinical demyelinating event.9,25

Safety and tolerability were assessed via local and sys-
temic adverse events (AEs) and serious AEs after 24 and 48
weeks; incidence rate of antinatalizumab antibodies (hereaf-
ter referred to as antidrug antibodies [ADAs]) and persistent
antibodies after 24 and 48 weeks and after switching; inci-
dence rate of antinatalizumab-neutralizing antibodies (NAbs)
after 24 and 48 weeks and after switching; and lowest plasma
concentration of natalizumab (trough concentration) over time.
Assessments included physical examinations, electrocardio-
gram, vital signs, laboratory evaluations, the Columbia-
Suicide Severity Rating Scale, and anti-JCV antibodies.

Blood samples for anti-JCV antibodies were collected at
screening,weeks24and48,andevaluatedusingacell-basedvali-
dated assay. The incidence rates of positive anti-JCV antibody
samplesbyJCVindexlevel(≤0.9,>0.9to≤1.5,and>1.5)weresum-
marized descriptively by visit and for the study duration.

An ADA assay was developed for use in the biosim-NTZ
study program according to applicable guidelines for ADA test-
ing in biosimilar studies32,33 and taking into account the highly
sensitive tailored immunogenicity evaluation required.34 ADA
measurements were conducted using an electrochemilumi-

Figure 1. Overall Study Design

Biosimilar natalizumab (n = 131) Biosimilar natalizumab (n = 131)

Reference natalizumab (n = 103)

Switch from reference natalizumab to
biosimilar natalizumab (n = 30)
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EOS indicates end of study; MRI, magnetic resonance imaging; PML, progressive multifocal leukoencephalopathy.
a Assessed by the central reading center.
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nescence immunoassay assay incorporating a sample pretreat-
ment step to optimize drug tolerance. Based on the signal for
the positive control antibody, the ADA assay had a lower limit
of detection of 3.88 ng/mL for screening and 2.55 ng/mL
for confirmation. Adequate sensitivity and drug tolerance
of the biosim-NTZ ADA assay was determined for detection of
the ADA signal in the treated population.

NAbs were defined as ADAs specifically inhibiting bind-
ing of natalizumab to α4-integrin and measured by a flow cy-
tometry assay. ADA and NAb sampling occurred predose and
at weeks 4, 8, 16, 24, 28, 32, and 48.

AE assessment occurred at screening, at each of the 12 treat-
ment visits, the end of study/early discontinuation visit, and
the PML follow-up visits. AEs were graded using version 4.03
of the National Cancer Institute Common Terminology Crite-
ria for Adverse Events.35 AEs were considered treatment-
emergent if they started or worsened in severity after the first
infusion, regardless of their relation to the study drug.

Statistical Analysis
A total of 230 evaluable patients (115 per group) were re-
quired to achieve 90% power for the similarity assessment with
respect to the primary end point, assuming a common SD of
4.0 lesions and no difference between groups. To account for
up to 10% of potential dropouts and nonevaluable patients,
approximately 260 patients were to be randomized.

The primary efficacy analysis was based on the per-
protocol population. Similarity was analyzed using a negative
binomial generalized linear model with fixed effects for the treat-
ment group and stratification factors with logarithmic link func-
tion. A biosimilarity margin for the mean difference of ±2.1
lesions was chosen based on the US FDA guidelines for nonin-
feriority trials to ensure 50% of the treatment effect was pre-
served, based on the lower bound of the 95% CI of the pooled
effect size, as estimated by Miller et al.31,36 To address differ-
ent regulatory requirements, similarity was tested based on the
corresponding 90% CIs (US FDA) and 95% CIs (EMA). The full
statistical analysis plan is included in Supplement 1.

Results
Baseline Characteristics
Of 531 patients screened for enrollment, 266 (50.1%) were ex-
cluded before randomization in line with trial criteria. A total
of 265 patients (49.9%) progressed to randomization and 264
(biosim-NTZ, 131 [49.6%]; ref-NTZ, 133 [50.4%]) received treat-
ment; 1 patient in the biosim-NTZ group withdrew consent dur-
ing screening. Of 264 individuals (162 [61.4%] female; 102
[38.6%] male; mean [SD] age, 36.7 [9.38] years), 247 (93.6%)
completed the 24-week primary treatment period (biosim-
NTZ, 122 [49.4%]; ref-NTZ, 125 [50.6%]).

At week 24, all 125 patients in the ref-NTZ group who com-
pleted primary treatment were rerandomized (ref-NTZ, 95
[76%]; ref-NTZ/biosim-NTZ switch, 30 [24%]). Overall, 239
patients (90.5%) completed the 48-week study (biosim-NTZ,
117 [49.0%]; biosim-NTZ/ref-NTZ switch, 29 [12.1%]; ref-
NTZ, 93 [38.9%]) (Figure 2).

Baseline characteristics were similar between treatment
groups for the full analysis set (Table 1) and all other planned
cohorts, including patients with confirmed COVID-19 (n = 22)
in the safety population (biosim-NTZ, 11 [50%]; ref-NTZ,
11 [50%]).

Overall, the disease activity at baseline was similar for
patients in the biosim-NTZ and ref-NTZ treatment groups in
the full analysis set, as demonstrated by the mean time since
diagnosis and time since last relapse (Table 1). Both the num-
ber of relapses in the year before screening and the mean
baseline EDSS score were also similar between treatment
groups. Similar disease activity at baseline was reported for
the per-protocol, safety population, and safety-switch popu-
lations. Detailed disease activity data at baseline can be
found in Table 1.

Additionally, 158 patients (59.8%) in the full analysis set
and 158 (59.8%) in the safety population were negative for
anti-JCV antibodies at baseline. Patients who were anti-JCV–
positive were similarly distributed between treatment groups,
stratified by a positive index of 0.9 or less (biosim-NTZ, 35
[26.7%]; ref-NTZ, 37 [27.8%]) and 0.9 to 1.5 (biosim-NTZ,
16 [12.2%]; ref-NTZ, 18 [13.5%]).

Efficacy
At week 24, the model-based mean difference in the cumula-
tive number of new active lesions between treatment groups
in the per-protocol population was 0.17 (least square means
[SE]: biosim-NTZ, 0.34 [0.34]; ref-NTZ, 0.45 [0.28]), with
95% CI, –0.61 to 0.94 with the point estimate within the pre-
specified margins of ±2.1 (Figure 3A). Sensitivity analysis of
the cumulative number of new active lesions at week 24 in the
full analysis set population confirmed the primary end point,
showing a model-based mean difference (SE) of 0.23 (0.43)
between ref-NTZ and biosim-NTZ, with 95% CI, –0.61 to 1.08
within the specified margins of ±2.1.

After database lock, it was determined that 1 or more of
the 3 stratification factors (absence/presence of gadolinium-
enhancing lesions, presence of T2 lesions, JCV status) were in-
correctly recorded at randomization for 62 of 265 patients
(23.4%). Following a thorough root-cause analysis and im-
pact assessment, the immediate risk for imbalanced strata was
reported as low. Additionally, since the study was blinded and
the randomization performed according to the entered strata,
the integrity of the data was not affected. A further sensitivity
analysis was performed based on the corrected stratification fac-
tors to assess the impact of the erroneous stratification. This
analysis confirmed the primary end point in the per-protocol
population showing a model-based mean difference (SE) of 0.06
(0.08) between ref-NTZ and biosim-NTZ, with 90% CI, –0.07
to 0.20 and 95% CI, –0.10 to 0.23 within the specified margins
of ±2.1 (see eAppendix 2 in Supplement 2 for detailed results
of the sensitivity analysis).

The secondary efficacy analysis in the full analysis set
showed no clinically relevant difference in the mean cumu-
lative number of new active lesions observed between treat-
ment groups (Figure 3B). At week 48, a mean (SD) cumulative
number of new active lesions of 1.5 (3.72) was observed in the
biosim-NTZ group vs 2.3 (5.68) in the ref-NTZ group. A simi-
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lar pattern of outcomes was reported for the per-protocol and
safety-switch populations.

Clinical End Points
ARR
In the full analysis set population, ARR (relapses/y) was simi-
lar at 24 weeks (biosim-NTZ, 0.21; ref-NTZ, 0.15) and 48 weeks
(biosim-NTZ, 0.17; ref-NTZ, 0.13). A similar pattern of out-
comes was reported for the per-protocol population. ARR was
also similar between all treatment groups in the safety-
switch population at rerandomization at 24 weeks (biosim-
NTZ, 0.19; ref-NTZ, 0.11; ref-NTZ/biosim-NTZ switch, 0.14) and
48 weeks (biosim-NTZ, 0.17; ref-NTZ, 0.11; ref-NTZ/biosim-
NTZ switch, 0.15).

EDSS Score
At baseline, EDSS scores by primary randomization were simi-
lar between treatment groups (mean [SD]: biosim-NTZ, 3.36
[1.07]; ref-NTZ, 3.20 [1.21]) in the full analysis set population.
Distribution of EDSS scores at baseline can be found in eAp-
pendix 3 in Supplement 2.

Change from baseline was minimal and similar in both
treatment groups at 24 weeks (mean [SD]: biosim-NTZ, –0.03
[0.21]; ref-NTZ, 0.00 [0.35]) and at 48 weeks (biosim-NTZ, –0.14
[0.54]; ref-NTZ, –0.05 [0.44]). A similar pattern of outcomes
was reported for the per-protocol population. EDSS scores
at rerandomization at 24 weeks were also similar between
all treatment groups in the safety-switch population (mean
[SD]: biosim-NTZ, 3.37 [1.13]; ref-NTZ, 3.19 [1.30]; ref-NTZ/

Figure 2. CONSORT Diagram of Enrollment and Follow-up of Study Patients

531 Patients screened 

266 Excluded
242 Failed to meet inclusion/exclusion criteria

1 Experienced an MS relapse
10 Were excluded for other reasons

11 Withdrew consent
2 Lost to follow-up

1 Discontinued
1 Had an adverse event

265 Randomized

30 Rerandomized to biosimilar
natalizumab

29 Completed 48 wk

Safety switch populatione

2 Discontinued
2 Withdrew consent

95 Continued reference natalizumab

93 Completed 48 wk

8 Discontinued
3 Had an adverse event
4 Withdrew consent
1 Discontinued for other reasons

9 Discontinued
6 Had an adverse event
2 Withdrew consent
1 Discontinued for other reasons

5 Discontinued
2 Had an adverse event
1 Withdrew consent
2 Discontinued for an investigator/

sponsor decision

133 Assigned to receive reference natalizumab 132 Assigned to receive biosimilar natalizumab

133 Treated with reference natalizumab 131 Treated with biosimilar natalizumab

125 Completed 24 wk 122 Completed 24 wk

117 Completed 48 wk

1 Withdrew consent

Full analysis seta  and
safety populationsb

Per-protocol
populationc,d

MS indicates multiple sclerosis.
a The full analysis set included patients who were randomized and received �1

(complete or partial) infusion of the study drug. Patients were to be analyzed
according to the treatment group to which they were randomized.

b The safety population included patients who received �1 (complete or partial)
infusion of the study drug. Patients in this group were to be analyzed as
treated.

c The per-protocol population included only patients who completed the
24-week treatment period without major protocol deviation that may have
influenced the analysis of the primary end point and for whom sufficient

postbaseline magnetic resonance imaging data were available.
d The per-protocol population comprised 229 patients who completed the

24-week treatment period without major protocol deviations and for whom
sufficient postbaseline magnetic resonance imaging data were available
(biosimilar natalizumab: n = 111; reference natalizumab: n = 118).

e The safety-switch population included patients in the safety population who
received �1 infusion of the study drug after the rerandomization time point,
independent of switching status. Patients in this group were to be analyzed
as treated after rerandomization, also considering treatment before
rerandomization.
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biosim-NTZ switch, 3.15 [1.13]). Change from baseline (week
24) to week 48 was minimal and similar between all treat-
ment groups (mean [SD]: biosim-NTZ, –0.10 [0.50]; ref-NTZ,
–0.02 [0.31]; ref-NTZ/biosim-NTZ switch, –0.03 [0.33]).

Safety and Tolerability
Treatment-emergent AE (TEAE) rates (biosim-NTZ, 85 [64.9%];
ref-NTZ, 71 [68.9%]; ref-NTZ/biosim-NTZ switch, 22 [73.3%];
Table 2) and event rates per 100 patient-years were similar
across all treatment groups (biosim-NTZ, 221/192.3; ref-NTZ,
176/194.7; ref-NTZ/biosim-NTZ switch, 60/219.6) (eAppen-
dix 4 in Supplement 2). The most reported TEAEs among all
treatment groups were nervous system disorders (biosim-
NTZ, 33 [25.2%]; ref-NTZ, 24 [23.3%]; ref-NTZ/biosim-NTZ
switch, 8 [26.7%]) and infections and infestations (biosim-
NTZ, 39 [29.8%]; ref-NTZ, 34 [33.0%]; ref-NTZ/biosim-NTZ
switch, 15 [50.0%]). See eAppendix 4 in Supplement 2 for a full
breakdown of reported TEAEs.

Few AEs of special interest were reported with similar
proportions across all treatment groups up to week 48
(biosim-NTZ, 6 [4.6%]; ref-NTZ, 6 [5.8%]; ref-NTZ/biosim-
NTZ switch, 2 [6.7%]). See Table 2 for a full breakdown of AEs
of special interest.

No fatal or National Cancer Institute Common Terminol-
ogy Criteria for Adverse Events grade 4 TEAEs were reported.
The majority of reported TEAEs were grade 1. In the biosim-
NTZ group, 4 patients (3.1%) (3.48/100 patient-years) had any
TEAEs of grade 3 up to week 48 (increased alanine aminotrans-
ferase, increased blood triglycerides, nasal septum deviation,
and urticaria (each: 1 [0.8%]; 0.87/100 patient-years). In the
ref-NTZ group, 1 patient (1.0%) (1.11/100 patient-years) had a
grade 3 TEAE of pain in extremity. No grade 3 TEAEs were re-
ported in the ref-NTZ/biosim-NTZ switch group (Table 2).
Twelve patients experienced TEAEs leading to study drug dis-
continuation (biosim-NTZ, 8 [5.1%]; ref-NTZ, 4 [3.0%]).

Per the study exclusion criteria, no patient had JCV-
positive index more than 1.5 at baseline and the proportions
of patients positive for anti-JCV antibodies were similarly dis-
tributed between treatment groups throughout the study (eAp-
pendix 5 in Supplement 2). At week 24, 5 patients (4.9%) in
the biosim-NTZ and 5 (4.5%) in the ref-NTZ groups reported
a JCV-positive index more than 1.5. At week 48, an index more
than 1.5 was reported for 7 patients (6.0%) and 7 patients (5.9%)
in each group, respectively. No patients with PML were iden-
tified during the treatment period (48 weeks) or PML fol-
low-up visit (24 weeks [±2 weeks] after the last study drug
infusion).

Regarding immunogenicity, at week 24, 104 patients
(79.4%) and 98 patients (74.0%) were confirmed positive for
treatment-emergent ADAs in the biosim-NTZ and ref-NTZ
treatment groups, respectively; 90 participants (69.0%) in
the biosim-NTZ group were NAb-positive vs 88 (66.2%) for
ref-NTZ. Overall, ADA and NAb responses to biosim-NTZ mir-
rored that of ref-NTZ throughout the 48-week treatment
period (Table 2).

No patients who were negative for ADA or NAb at week 24
seroconverted following the switch from ref-NTZ to biosim-
NTZ, ie, switching from ref-NTZ to biosim-NTZ was not asso-

ciated with an enhanced antinatalizumab humoral immune
response in these patients.

Discussion
The Antelope trial assessed the matching efficacy, safety, and
immunogenicity between biosim-NTZ and ref-NTZ in pa-
tients with RRMS. Comparative phase 3 trials are a key com-

Table 1. Baseline Characteristics (Full Analysis Set)

Characteristic

No. (%)

Biosim-NTZ
(n = 131)

Ref-NTZ
(n = 133)

Positive JCV status 51 (38.9) 55 (41.4)

Positive for ADAsa 9 (7) 8 (6)

Age, mean (SD), y 36.8 (9.1) 36.6 (9.7)

Male 47 (35.9) 55 (41.4)

Femaleb 84 (64.1) 78 (58.6)

Childbearing potential 73 (86.9) 70 (89.7)

Whitec 131 (100) 133 (100)

Absence/presence of
gadolinium-enhancing lesions

0 68 (51.9) 72 (54.1)

>0 63 (48.1) 61 (45.9)

Presence of T2 lesions

≤15 4 (3.1) 5 (3.8)

>15 127 (96.9) 128 (96.2)

Time since diagnosis, y

Mean (SD) 5.3 (4.7) 5.3 (4.8)

Median (range) 4.2 (0.1-21.8) 4.4 (0.1-20.5)

Time since last relapse, mo

Mean (SD) 5.1 (2.9) 5.9 (3.0)

Median (range) 4.3 (1.7-12.7) 5.6 (1.7-12.6)

No. of relapses in the year prior
to screening

1 86 (65.6) 91 (68.4)

2 37 (28.2) 38 (28.6)

≥3 8 (6.1) 4 (3.0)

Mean (SD) 1.4 (0.7) 1.4 (0.6)

Baseline EDSS score

Mean (SD) 3.4 (1.1) 3.2 (1.2)

Median (range) 3.5 (2-5) 3.5 (1-5)

Abbreviations: ADAs, anti-drug antibodies; biosim-NTZ, biosimilar natalizumab;
EDSS, Kurtzke Expanded Disability Status Scale; JCV, John Cunningham virus;
ref-NTZ, reference natalizumab.
a The reported proportion of patients with positive ADA results is part of the

safety analysis performed in the safety population, which was identical to the
full analysis set population.

b A serum pregnancy test was conducted to confirm nonpregnancy in those of
childbearing potential. Female participants of childbearing potential sexually
active with a fertile male partner and male participants sexually active with
female partners of childbearing potential agreed to use adequate contraception
from screening until 90 days after the last dose of the study drug.

c Race and ethnicity data were collected per trial protocol. The choices were
American Indian or Alaska Native, Asian, Black or African American, Native
Hawaiian or Other Pacific Islander, White, not reported, and other.
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ponent of the stringent evaluations required by health au-
thorities to confirm no clinically relevant differences between
a proposed biosimilar and its reference medicine.15,32 Both the

US FDA and EMA recommend using an equivalence design with
predefined upper and lower margins based on knowledge of
efficacy with the reference medicine and clinical judgment.15,32

Figure 3. Primary Study End Point and Secondary Efficacy End Point
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A, Exponentiated difference in
cumulative number of new active
lesions at week 24 between the
biosimilar natalizumab and reference
natalizumab groups (per-protocol
population). B, Cumulative number
of new active lesions over 48 weeks
in the biosimilar natalizumab and
reference natalizumab groups by
primary randomization (full analysis
set population).

Table 2. Summary of AEs by Treatment Sequence and ADA/NAb Results to Week 48a

Safety population

No. (%)

Biosim-NTZ
(n = 131)

Ref-NTZ/biosim-NTZ
switch
(n = 30)

Ref-NTZ
(n = 103)

Any TEAE 85 (64.9) 22 (73.3) 71 (68.9)

Any related TEAE 31 (23.7) 8 (26.7) 22 (21.4)

Any TEAE ≥grade 3 4 (3.1) 0 1 (1.0)

Investigations 2 (1.5) 0 0

Musculoskeletal and connective tissue disorders 0 0 1 (1.0)

Respiratory, thoracic, and mediastinal disorders 1 (0.8) 0 0

Skin and subcutaneous tissue disorders 1 (0.8) 0 0

Any TEAE of special interest 6 (4.6) 2 (6.7) 6 (5.8)

Immune system disorders 0 1 (3.3) 0

Infections and infestations 2 (1.5) 1 (3.3) 5 (4.9)

Investigations 1 (0.8) 0 0

Skin and subcutaneous tissue disorders 3 (2.3) 0 1 (1.0)

Any TEAE leading to permanent study drug discontinuation 8 (6.1)b 1 (3.3)c 3 (2.9)d

Any TEAE leading to withdrawal from studye 0 0 0

ADA prevalence at baseline 9 (7) 1 (3) 7 (7)

Treatment-emergent ADA positivity, total incidence 104 (79) 23 (77) 76 (74)

Neutralizing ADA (NAb) 90 (69) 20 (67) 69 (67)

% of ADA positive 87 87 91

Abbreviations: ADA, antidrug antibody; AE, adverse event;
biosim-NTZ, biosimilar natalizumab; NAb, neutralizing antibody;
ref-NTZ, reference natalizumab; TEAE, treatment-emergent adverse event.
a The number and percentage of patients with TEAEs, AEs of special interest

(ie, progressive multifocal leukoencephalopathy, John Cunningham virus
granule cell neuronopathy, opportunistic infections, liver injury,
hypersensitivity, encephalitis, meningitis, and acute retinal necrosis), and
serious AEs that occurred after the start of the first infusion and through 4
weeks after the last infusion date of the study drug (visit 13, end of study visit),
were summarized by MedDRA system organ class and preferred term overall,
by severity, and by relationship to study drug for each treatment group.

b Urticaria (n = 2); pruritus (n = 2); asthenia, hyperhidrosis, blood pressure
fluctuations, and dizziness (n = 1); trigeminal neuralgia, herpes simplex, and
ear infection (n = 1); COVID-19 (n = 1); hypotension (n = 1).

c Hypersensitivity (n = 1).
d Urinary tract infection (n = 1); pharyngitis (n = 1); urticaria and angioedema

(n = 1).
e A TEAE was considered to lead to withdrawal from the study only if the patient

did not proceed to progressive multifocal leukoencephalopathy follow-up
because of this event.
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Biosim-NTZ demonstrated similarity to ref-NTZ in the pri-
mary efficacy end point of cumulative number of new active
lesions over 24 weeks, with 95% CI values of the point esti-
mate within the prespecified margins (±2.1). These results
were confirmed in all sensitivity analyses, as well as analysis
with corrected stratification factors to assess the impact of
the erroneous stratification and analysis using multiple im-
putation (data not reported) as described in eAppendix 2 in
Supplement 2.

Furthermore, no significant differences between biosim-
NTZ, ref-NTZ/biosim-NTZ switch, and ref-NTZ treatment were
observed across the secondary MRI and clinical outcomes. The
ARR observed for the biosim-NTZ group at week 24 (0.21)
was comparable with that seen in the AFFIRM phase 3 trial of
natalizumab (0.26), which had similar population baseline
characteristics.27

The safety profile reported in the Antelope trial was as
expected for patients with RRMS receiving natalizumab,
characterized by similar percentages of TEAEs in both treat-
ment groups. The number of patients experiencing TEAEs
leading to study drug discontinuation was comparable with
the results from the AFFIRM trial, wherein 6% of patients
receiving natalizumab discontinued the study drug due to
AEs.27 The infections and infestations rate per 100 patient-
years observed here (biosim-NTZ, 54/47.00; ref-NTZ,
44/48.66) was also similar to the infection rate of 1 per
patient-year in both the natalizumab and placebo groups in
the AFFIRM trial.27

Notably, the overall AE profile for patients who switched
from ref-NTZ to biosim-NTZ was similar to patients continu-
ing ref-NTZ treatment and did not indicate any new or in-
creased risks associated with switching to biosim-NTZ.

Strong concordance was reported in this study between the
biosim-NTZ and ref-NTZ treatment groups in ADA (biosim-
NTZ, 79.4%; ref-NTZ, 74.0%) and NAb (biosim-NTZ, 69.0%;
ref-NTZ, 66.2%) response dynamics. The clinical program for
ref-NTZ reported that 57 patients (9%) had detectable anti-
bodies at some time during the study; persistent antibodies to
natalizumab developed in 37 of 57 patients (6%).27 The con-
sistently higher ADA-positive values reported across all treat-
ment groups in the Antelope trial are considered to be due to
the higher sensitivity of the assay used vs the reference clini-
cal program, which applied an ADA assay known to have rela-
tively low sensitivity due to drug interference.18,27 Similarly
higher ADA-positive values have been reported in another

study of ref-NTZ that detected higher ADA levels in patients
receiving natalizumab when using a more sensitive radioim-
munoassay assay.37

Antelope was conducted in a patient population with JCV-
positive index less than 1.5 at baseline. At week 48, a positive
seroconversion rate (index >1.5) was reported for 6.0% and
5.9% of patients in the biosim-NTZ and ref-NTZ groups, re-
spectively. This value is not dissimilar to results from a 2018
meta-analysis of 17 independent natalizumab-treated co-
horts of patients with MS, which reported a mean positive sero-
conversion annualized rate of 10.8% (positivity threshold:
index >0.4).38 A 2021 registry substudy also reported a simi-
lar durable positive seroconversion of 7.3% per year (mean JCV
index >1.6) among initially JCV-negative patients treated with
natalizumab for RRMS.39

Even though no biosimilar has been approved for treat-
ing MS, off-label rituximab and its biosimilars are extensively
used.40,41 In Sweden, off-label prescriptions of rituximab and
its biosimilars for MS treatment have been reported at more
than 50% compared with initiations of other new DMTs, show-
ing that biosimilars may provide an effective and affordable
treatment option in MS.42

Limitations
The small sample size in the ref-NTZ/biosim-NTZ switch
subgroup may be considered a limitation of the current study.
However, the equivalence design used in biosimilar phase 3
clinical trials aims to show clinical equivalence with the ref-
erence medicine.32 The Antelope trial reported equivalence
between biosim-NTZ and ref-NTZ treatment across efficacy,
safety, and secondary MRI and clinical outcomes. The ref-NTZ/
biosim-NTZ switch subgroup further confirmed this equiva-
lence in a practical setting.

Conclusions
The proposed biosim-NTZ PB006 is the first biosimilar mono-
clonal antibody therapy to be developed for MS. The clinical
efficacy, safety, and immunogenicity of the proposed biosimi-
lar natalizumab matched the reference natalizumab in the
tested setting, with no clinically relevant differences ob-
served. The results from this phase 3 trial support biosimilar-
ity of proposed biosimilar natalizumab PB006 to its refer-
ence medicine in RRMS.
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