www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

Evaluating efficacy and safety of
ocrelizumab biosimilar (Xacrel)
compared to the originator
(Ocrevus) in relapsing multiple
sclerosis: a phase lll, randomized,
equivalency, clinical trial

Mohammad Ali Sahraian'*?, Roya AbolfazliZ, Vahid Shaygannejad?, Fereshteh Ashtari,
Nastaran Majdinasab“, Samira Navardi', Seyed Mohammad Baghbanian®, Behnaz Sedighi®,
Abdorreza Naser Moghadasil, Mohammad Ali Nahayati’, Hamidreza Ghalyanchi Langroodi®,
Seyed Ehsan Mohammadianinejad®, Nahid Beladi Moghadam??, Hormoz Ayromlou'?,
Alireza Nikseresht'?, Masoud Ghiasian'3, Nazanin Razazian'4, Elnaz Asadollahzadeh?,

Araz Sabzvari'®, Hamidreza Kafi'® & Sogol Albooyeh®

Multiple sclerosis is an inflammatory demyelinating disease and represents a global health concern.
Ocrelizumab, a humanized IgG monoclonal antibody, selectively targets CD20 on B cells and CD20-
expressing T cells. This study aimed to compare the efficacy and safety of the biosimilar ocrelizumab
candidate (Xacrel) to the originator product (Ocrevus) in Relapsing Multiple Sclerosis (RMS) patients.
In this randomized trial, patients received either Xacrel or Ocrevus for 96 weeks. The primary endpoint
was the equivalency of the medications in reducing the annualized relapse rate (ARR) at week 48.

The secondary endpoints included time to the onset of disability progression confirmed at 12 and

24 weeks, the proportion of relapse-free patients, magnetic resonance imaging (MRI) evaluations,
safety assessments, and immunogenicity over 96 weeks. A total of 170 patients were randomized (1:1
ratio). In the per protocol analysis, the upper and lower limits of 95% two-sided confidence intervals of
difference between treatments in the 48-week ARR rate were in the predefined margin of — 0.2 t0 0.2
(— 0.002; 95% CI — 0.080 to 0.075). The two products were also comparable in terms of other efficacy
parameters, safety, and immunogenicity. The results confirmed that Xacrel is equivalent to Ocrevus in
terms of 48-week ARR in RMS patients, with no considerable difference in other efficacy parameters
and the safety profile during the 96 weeks. The trial was registered in Iranian registry of clinical trials
(IRCT) on 10/06/2019 with the registration number of IRCT20150303021315N13 and in Clinicaltrials.
gov on 19/07/2021 with the registration code of NCT04966338.
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Multiple sclerosis (MS) is an autoimmune and inflammatory demyelinating disease affecting around three
million people worldwide with a female preponderance!?. The disease is characterized by the attack of immune
cells on myelin in the central nervous system, leading to acute exacerbations and progressive disability®. MS
lesions can be formed in different regions, such as the optic nerves, brainstem, cerebellum, periventricular, and
spinal cord. The cerebral grey matter may also be affected”. Beside cognitive impairment, it can also cause fatigue,
which is a frequent and disabling symptom®. In terms of activity level and progression, MS is classified into
relapsing-remitting (RRMS), secondary progressive (SPMS), and primary progressive (PPMS)®. The available
management approaches focus on recovering from acute attacks, alleviating symptoms, and reducing biological
activity through disease-modifying therapies (DMTs)°.

Initiating the treatment of MS with a more aggressive approach by the use of high-efficacy DMTs in the
patients with highly active disease can have a positive impact on delaying the progression of the disease and
many newly diagnosed patients are receiving high-efficacy DMTs at initial diagnosis’.

The effects of the immune response in the pathogenesis of MS are crucial. Peripheral proinflammatory B cells
in relapsing disease mechanisms and meningeal collections of B cells in CNS-compartmentalized disease, as well
as the T cells, play an important role in MS pathology. Hence, the B cell-targeting medications can have effective
therapeutic results. CD20-targeted therapies including rituximab, ocrelizumab, and ofatumumab have shown
acceptable efficacy and safety profile in MS%°.

Ocrelizumab -a humanized IgG monoclonal antibody- selectively targets CD20 on immature and mature B
cells and CD20-expressing T cells that play an important role in producing autoantibodies, presenting antigens,
regulating cytokines, and aggregating ectopic lymphoid follicles!®!!. Previous studies of ocrelizumab, including
two phase III clinical trials (OPERA I and OPERA II) on relapsing MS (RMS) patients, have demonstrated the
efficacy of ocrelizumab in reducing annualized relapse rate (ARR) and the number of new gadolinium-enhancing
and new/enlarging T2 hyperintense lesions on MRI'*!2. Ocrelizumab was first approved by the US Food and
Drug Administration (FDA) in March 2017 for the treatment of both relapsing and primary progressive forms
of MS and is the first approved medication for PPMS.

Biosimilars are biological medications very similar to their licensed originator biologics with no clinically
meaningful differences in safety and efficacy in the same treating indications as the originator. Biosimilars
can be beneficial by increasing the patients’ access to proper medication while reducing the healthcare costs'>.
Neurological disorders, such as MS, are a leading cause of overall worldwide disease burden requiring effective
prevention, treatment, and rehabilitation strategies'®. According to the increasing incidence of MS worldwide,
the development of therapeutic strategies and providing access to available treatment options are imperative.
Biosimilars are effective and safe medications comparable to the reference product, that are available at lower cost
and with better access, especially in lower-income countries. In this study, we aimed to assess the equivalency
of a biosimilar ocrelizumab candidate (Xacrel, CinnaGen, Iran) compared to the reference product (Ocrevus,
Roche, Switzerland) in terms of reducing ARR in RMS patients at 48 weeks of treatment.

Methods

Study design and intervention

This was a randomized, two-armed, double-blind, phase III clinical trial performed from August 2019 to October
2021 in 15 centers in Iran. Patients were randomly assigned (1:1) to receive 300 mg of either Xacrel or Ocrevus
at an interval of 2 weeks for the first two doses, followed by 600 mg every 24 weeks for 96 weeks.

To reduce the infusion reactions, all patients received 100 mg intravenous methylprednisolone (or the
equivalent dose of the other corticosteroids) 30 min prior to infusion. An oral or intravenous antihistamine
(i.e., chlorpheniramine) and an antipyretic medication (i.e., acetaminophen) were also administered 30-60 min
before infusion.

Participants

Adult patients diagnosed with MS (according to the McDonald 2010 criteria) were enrolled in the study if
they were 18-55 years of age and had a history of at least two documented relapses in the last two years or one
documented relapse in the last year before the screening visit. The Expanded Disability Status Scale (EDSS)
score had to be between 0 and 5.5 for inclusion. The exclusion criteria were as follows: the diagnosis of PPMS;
disease duration of more than 10 years in patients with EDSS<2 at the screening visit; previous anti B-cell
targeted therapy (including rituximab, ocrelizumab, atacicept, belimumab, and ofatumumab); the presence
of known neurological disorders that mimic the MS symptoms (including neuromyelitis optica, untreated
vitamin B, deficiency, neurosarcoidosis, and cerebrovascular disorders); the presence of any limitation for MRI
conduction (including claustrophobia, body weight > 140 kg, etc.); pregnancy and lactation; suffering from any
chronic disease requiring corticosteroids (oral or parenteral) or immunosuppressive therapy during the study;
history or a case of primary or secondary immunodeficiency; inaccessibility of peripheral vessels; history of
hypersensitivity reactions or anaphylaxis to monoclonal antibodies; the presence of any serious or uncontrolled
medical disorders that prevent the patient from being enrolled in the study (including heart failure class III or
IV according to New York Heart Association (NYHA) criteria); the presence of any clinical symptoms of active
bacterial, viral, fungal, mycobacterial or other infections; suffering from any infection requiring hospitalization
or treatment with parenteral antibiotics within four weeks before the baseline visit or oral antibiotics within
two weeks before the baseline visit; history of chronic or recurrent infections (including HIV, hepatitis B, and
hepatitis C); history of progressive multifocal leukoencephalopathy (PML); history of malignancies (including
solid tumor and hematologic malignancies except for basal cell carcinoma); drug or alcohol abuse within 24 weeks
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before the screening visit; history of coagulation disorders; receiving any live vaccines within 6 weeks before the
screening visit; being under treatment with any other investigational medications within 24 weeks before the
screening visit; contraindications or intolerance to oral and parenteral corticosteroids; being under treatment
with dalfampridine (unless the patient was receiving a constant dose within 30 days before the screening visit
and throughout the study); receiving systemic corticosteroids within 4 weeks before the screening visit (for
patients who received parenteral corticosteroids for MS attacks, the duration could be extended to 8 weeks);
previous treatment with alemtuzumab, anti-CD4 therapies, cladribine, mitoxantrone, daclizumab, teriflunomide
and laquinimod; history of whole-body radiotherapy or hematopoietic stem cell transplantation; treatment with
cyclophosphamide, azathioprine, mycophenolate mofetil, cyclosporine, methotrexate, or natalizumab within
24 months before the screening visit (patients receiving natalizumab for less than 1 year could be enrolled);
treatment with fingolimod or dimethyl fumarate within 4 weeks before the screening visit (patients receiving
these medications more than 4 weeks prior to screening could be enrolled provided that their lymphocyte
count was more than the lower limit of normal (LLN)); receiving intravenous immunoglobulin (IVIg) within
12 weeks before the baseline visit; a positive beta-hCG result at the screening visit; and laboratory abnormalities
(including CD4 +levels < 300/mcL, AST/SGOT or ALT/SGPT >2 times of the upper limit of normal (ULN),
platelet count < 100,000/mcL, serum IgG levels of 18% below the LLN, serum IgM levels of 8% below the LLN,
and absolute neutrophil count (ANC) < 1500/mcL).

Written informed consent was provided by all the participants. The study was carried out in accordance with
the Declaration of Helsinki and was approved by the ethics committees of Tehran University of Medical Sciences
(IR.TUMS.VCR.REC.1398.164) and Shahid Beheshti University of Medical Sciences (IR.SBMU.REC.1398.024).
The trial was registered in Iranian registry of clinical trials (IRCT) on 10/06/2019 with the registration number of
IRCT20150303021315N13 and in Clinicaltrials.gov on 19/07/2021 with the registration code of NCT04966338.

Randomization and blinding

Eligible patients were assigned to each treatment arm using a dynamic randomization algorithm (minimization)
designed to achieve an overall balance between groups. Randomization was stratified according to the baseline
EDSS score (<4 vs. > 4). The participants, the medication administrators, and the outcome assessors were all
blinded to the allocation.

Outcomes

The study duration was 96 weeks. The primary outcome of the study was to evaluate the equivalency of Xacrel to
Ocrevus in reducing the annualized relapse rate (ARR) at week 48 in patients with RMS. Relapse was defined as
new or worsening MS-related neurological symptoms (at least 0.5 scores increase in EDSS, 2 points increase in
one of the appropriate FSS, or 1 point increase in at least two of the appropriate FSS) that persisted for more than
24 h, proceeded after at least 30 days of stable or improving neurological conditions, and were not attributed to
other clinical conditions (e.g., infection, fever, injury, drug-related adverse reactions). Episodic spasms, sexual
dysfunction, fatigue, mood changes, urinary incontinence, and urinary retention were not considered a relapse.

The secondary efficacy outcomes included the time to the onset of disability progression confirmed at 12 and
24 weeks over 96 weeks. Disability progression was defined as an increase in the EDSS score by at least 1.5 steps
if the baseline EDSS was 0, at least 1 step if the baseline EDSS was 0> and < 5.5, or at least 0.5 steps if the baseline
EDSS was > 5.5. Other secondary outcomes were the proportion of relapse-free patients at 96 weeks, the total
number of gadolinium-enhancing lesions, and new or enlarged T, hyperintense lesions identified on brain MRI
at weeks 24, 48, and 96. The change in the volume of T, lesions identified on brain MRI from baseline to week
96 was also assessed.

Safety outcomes included the incidence of adverse events (AE) every 12 weeks and infusion reactions every
24 weeks for 96 weeks. All the reported events were graded according to the Common Terminology Criteria
for Adverse Events (CTCAE) v5.0 '°. In addition, the causality relation was assessed based on World Health
Organization (WHO) criteria. All AEs were classified based on the Medical Dictionary for Regulatory Activities
(MedDRA) terms as the preferred term (PT) and system organ class (SOC). Serious adverse events (SAEs) were
documented according to ICH guidelines (E2B(R2)); SAE was defined as any AE that “results in death, is life-
threatening, requires in-patient hospitalization or prolongation of existing hospitalization, results in persistent
or significant disability or incapacity, results in congenital anomaly or birth defect” Infusion-related reactions
were defined as symptoms including pruritus, rash, urticaria, erythema, flushing, hypotension, pyrexia, fatigue,
headache, dizziness, throat irritation, oropharyngeal pain, dyspnoea, pharyngeal or laryngeal oedema, nausea
and tachycardia during or within 24 h after the infusion.

Adverse events of special interest (AESIs), included infusion-related reactions, infections and infestations
(including herpes infections, urinary tract infections, and respiratory tract infections), and neoplasm benign,
malignant, and unspecified (including cysts and polyps).

The immunogenicity assessments were also conducted at baseline as well as weeks 24, 48, and 96. The
enzyme-linked immunosorbent assay (ELISA) was used for anti-drug antibodies (ADAs) measurements.

All the assessments and interventions complied with the valid international guidelines and Good Clinical
Practice (GCP) standards. The laboratory methods were validated and implemented by trained staff using
reliable kits and in compliance with international and national standards.

Statistical analysis

A sample size of 76 patients in each group was assumed to provide at least 80% power to detect equivalency when
assessed by the risk difference between groups for ARR with a predefined margin of +0.20 and a significance
level of 0.05. ARR in the reference group (Ocrevus) was reported as 0.16 8. The total sample size of 170 patients
was calculated considering the drop-out rate of 10% 1°.
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The primary outcome of ARR at 48 weeks was compared between the two groups using a Poisson regression
model, adjusted for baseline EDSS score, and the LS-Means was used to estimate the rate difference between the
two groups. Xacrel efficacy was judged equivalent to Ocrevus if the lower and the upper limits of the two-sided
95% confidence intervals (95% Cls) of difference in the ARR between the two study groups (Xacrel and Ocrevus)
were within the accepted equivalence margin (— 0.2, 0.2). The primary outcome analysis was performed using
the per protocol set (PPS) and the intention to treat (ITT) population.

PPS was defined as the patients who completed the study without any major protocol deviation. The ITT
population was defined as all randomized patients receiving at least one dose of the study treatment. Data for
patients were analyzed based on the assigned study arm. All secondary efficacy analyses were based on the ITT
principle.

To evaluate the time to the onset of confirmed disability progression (CDP) for 12 and 24 weeks, the overall
hazard ratio and its corresponding 95% CI were estimated using a stratified Cox regression model with the
same stratification factors used in the stratified log-rank test. In addition, the cumulative probability of disease
progression was estimated using the Kaplan-Meier methodology. Finally, the percentages of relapse-free patients
between the treatment groups at week 96 were compared using the chi-squared test.

The total number of new and/or enlarging T, hyperintense lesions identified on the brain MRI at weeks 24,
48, and 96 were compared between study arms using a negative binomial model adjusted for baseline EDSS score
and baseline T, lesions number. The percent change in the volume of T, lesions on brain MRI from baseline to
week 96 was compared between the two groups using t-test. The exploratory endpoint of ARR at 96 weeks was
compared between two treatment groups using a Poisson regression model, adjusted for baseline EDSS score.
The proportion of patients experiencing CD19 levels of less than 1% at least once (%) between treatment groups
was compared using the chi-squared test.

A missing value for the number of T, hyperintense lesions at a particular week was imputed by the average
number of new and/or enlarging lesions on available scans obtained during the 96 weeks of study, and the missing
values in the volume of T, lesions were imputed using last-observation-carried forward (LOCF) methodology.
In addition, the missing values were imputed for patients in any study arm if they had a baseline and at least one
post-baseline MRI assessment.

Safety assessments were performed on all randomly assigned patients who received at least one dose of the
medication. Safety outcomes were reported based on the incidence rate of AEs and SAEs.

All the statistical analyses were performed using STATA (version 14, StataCorp LP, USA) and R 4.0.3 17,

Results
Overall, 189 patients were screened, of which 19 patients were excluded, and 170 patients fulfilled the study
eligibility criteria. Eighty-five patients were randomly assigned to each study group, receiving Xacrel or Ocrevus
(Fig. 1).

Demographics and baseline characteristics of the patients are shown in Table 1.

Efficacy outcome measures

The results of the clinical and MRI findings are summarized in Table 2. ARR at 48 weeks was evaluated in 164
patients in the PP set (81 patients in the Xacrel group and 83 patients in the Ocrevus group). The result was
0.067 in the Xacrel group (95% CI 0.029-0.155) versus 0.070 in the Ocrevus group (95% CI 0.031-0.158). No
significant difference was noticed in the rate difference between the two groups (P=0.95; 95% CI — 0.080 to
0.075). In the ITT set, 48-week ARR was evaluated in 170 patients (85 patients in each study group). The result
was 0.065 in the Xacrel group (95% CI 0.028 to 0.149) and 0.068 in the Ocrevus group (95% CI 0.030 to 0.153).
There was no statistically significant difference in the rate difference between the two study groups (P=0.95;
95% CI — 0.078 to 0.072).

In the PP set, the primary endpoint of the study was met, as the upper and lower limits of 95% two-sided
confidence intervals of differences in the 48-week ARR were all in the predefined margin of — 0.2 to 0.2 in
Poisson regression model (Fig. 2). Similarly, in the ITT set, the efficacy of Xacrel in the 48-week ARR was
equivalent to Ocrevus (Table 2).

Over the 96-week trial period, the rate of 12 weeks of confirmed disability progression was 7.06% in the Xacrel
group, as compared with 5.90% in the Ocrevus group (P=0.71; 95% CI 0.38 to 4.10) (Fig. 3a). The percentage
of patients with confirmed disability progression at 24 weeks was 7.06% in the Xacrel group versus 2.35% in the
Ocrevus group (P=0.16; 95% CI 0.64 to 15.60) (Fig. 3b).

Within 96 weeks of the study duration, 89.41% of patients in the Xacrel group were relapse-free, compared
to 87.10% in the Ocrevus group (P=0.63).

No new gadolinium-enhancing lesions were observed within the 96-week study period among the two
groups.

The total mean number of new or enlarging T, hyperintense lesions per MRI scan was 0.16 (95% CI 0.08 to
0.33) with the Xacrel group versus 0.08 (95% CI 0.03 to 0.20) with the Ocrevus group. No statistically significant
difference was noticed between the two groups (P=0.21).

T, lesions’ volume was also reduced over time in the two groups. The absolute change was — 0.60 in the Xacrel
group compared to — 0.70 in the Ocrevus group (P=0.88).

Safety outcome measures

Based on the study results, in both groups, 83/85 patients (97.65%) experienced at least one AE (Table 3). The
most common SOC in both groups was general disorders and administration site conditions. The most common
PT was infusion-related reactions, respectively.
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- Excluded from PP set (n=4):

- Withdraw after week 48 (n=7):

Pregnancy (n=2)
Withdrawal of consent (n=2)
Pregnancy (n=2)
Withdrawal of consent (n=1)
Loss to follow up (n=1)
Death (n=1)

Physician decisian (n=1)

Disabling relapse (n=1)

v

Ocrevus

v

Allocated to intervention (n=85)

- Excluded from PP set (n=2):

e Pregnancy (n=1)

e Withdrawal of consent (n=1)
- Withdraw after week 48 (n=1):

. Pregnancy (n=1)

v

Analyzed PP: (n=81)
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Analyzed safety: (n=85)
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Analyzed ITT: (n=85)
Analyzed safety: (n=85)

Fig. 1. Patient flow diagram. ITT intention to treat, PP per protocol.

In the Xacrel group, 51/85 patients (60%) and in the Ocrevus group, 54/85 patients (63.53%) experienced at

least one infusion-related reaction (Table 3).

Throughout the study, 24 serious adverse events (SAEs) were reported in 20 patients; in the Xacrel group,
six SAEs leading to hospitalization or prolongation of hospitalization, one life-threatening SAE, and one death
resulting from coronavirus infection were reported. In the Ocrevus group, 15 SAEs leading to hospitalization or
prolongation of hospitalization and one life-threatening SAE were reported. Five SAEs were considered at least
possibly related to the treatment in both groups. There were no meaningful differences between the number of
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Characteristic* Xacrel (N=85) | Ocrevus (N=85)
Age, year 33.14+7.22 31.12+7.27
Female sex, no. (%) 64 (75.29) 67 (78.82)
No. of relapses in previous 12 month 1.16+0.43 1.13+0.37
Previous disease-modifying therapy, no./total no. (%)® | 56 (65.88) 63 (74.12)
No medication 27 (31.76) 21 (24.71)
Interferons 25(29.41) 33(38.82)
Fingolimod 15 (17.65) 13 (15.29)
Dimethyl fumarate 10 (11.76) 11 (12.94)
Glatiramer acetate 8(9.41) 7 (8.24)
Mean EDSS score 2.35+1.01 2.18+1.13

Baseline values related to MRI assessment**

No. of gadolinium-enhancing lesions on T|-weighted MRI, no./total no. (%)

0 60/77 (77.92) | 56/76 (73.70)

1 9/77 (11.70) 13/76 (17.11)

2 3/77 (3.90) 3/76 (3.95)

3 2/77 (2.60) 3/76 (3.95)

>4 3/77 (3.90) 1/76 (1.32)
No. of lesions on T,-weighted MRI 27.32+£20.32 27.33+20.90
Volume of lesions on T,-weighted MRI (cm?) 11.81+12.92 9.37+10.10

Table 1. Demographics and disease characteristics of the patients at baseline (intention to treat population).
EDSS expanded disability status scale, MRI magnetic resonance imaging. *Plus-minus values are means + SD.
**Information related to MRI assessment was not available for 17 patients (8 patients in the Xacrel and 9
patients in the Ocrevus). Data on previous treatment were collected only one year before the screening.
Patients could be counted in several categories.

patients experiencing SAE in both groups (8/85 patients (9.41%) in the Xacrel group vs. 12/85 patients (14.12%)
in the Ocrevus group). (Table 3)

Serious infections and infestations reported in the Xacrel group were pharyngitis (in one patient), urinary
tract infection (in one), and coronavirus infection (in three). Serious infections and infestations reported in the
Ocrevus group were appendicitis (in two patients) and coronavirus infection (in six).

The whole trial subjects were assessed for immunogenicity. Among all the samples, there was no positive
sample for anti-ocrelizumab antibodies at all time points, and all patients’ samples were negative.

Post hoc analysis

We also evaluated ARR within 96 weeks of the study period. The results showed no statistically significant
difference among the two groups. (0.122 in the Xacrel group vs. 0.124 in the Ocrevus group; 95% CI — 0.113
to 0.089; P=0.82). Moreover, to compare the efficacy of the two medications in reducing the levels of CD19,
the proportion of patients who experienced CD19 levels of less than 1% at least once throughout the study
was assessed. In the Xacrel group, the result was 55/85 patients (64.71%) versus 54/85 patients (63.53%) in
the Ocrevus group (P=0.87). Moreover, the trend of CD19 changes is shown in Fig. S1 in the supplementary
information.

Discussion

The results of this study showed that Xacrel is equivalent to Ocrevus in reducing the ARR at 48 weeks in patients
with RMS. In addition, study results also provided evidence for comparability of Xacrel and Ocrevus in terms of
other efficacy parameters and safety.

According to the sensitivity analysis, including the analysis in the ITT set, no statistically significant difference
was found between the two groups. Therefore, the robustness of results can be concluded, and patients who were
withdrawn from the study or had protocol deviations could not influence the reported results. It is noteworthy
that patients’ demographics and other baseline characteristics were almost the same between the two groups.
Hence, the effects of potential confounding factors were minimal.

OPERA studies reported an ARR of 0.14 for 48 weeks!2. Moreover, in the open-label extension (OLE) of
OPERA studies, ARR was reported to be 0.098 by the end of the first year, which is more than our results (0.067
in Xacrel group versus 0.070 in Ocrevus group)*®. It is noteworthy that the reported results in the OPERA OLE
study were only for patients who switched from interferon beta-1a to ocrelizumab at OLE baseline. The reason
for this greater rate might be the difference in patients’ disease severity at the time of study entrance according to
baseline MRI lesions. In a nationwide observational Danish population-based cohort study with prospectively
enrolled cases and a median follow-up of 1.3 years, the mean ARR was 0.09 in the RRMS group during the whole
ocrelizumab treatment period'. In another real-world, multicenter, retrospective, observational study on the
Spanish population with a median follow-up of 10 months performed by Fernandez-Diaz et al. in the year 2020,
ARR was reported to be 0.10 2°. The reported results in these studies were compatible with our study results.
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Endpoint Xacrel (N=85) ‘ Ocrevus (N=85) P-Value
Primary endpoint
Annualized relapse rate at 48 weeks (PP)** 0.067 (0.029 to 0.155) ‘ 0.070 (0.031 to 0.158)

Rate difference (95% CI) 0.002 (— 0.080 to 0.075) 0.95
Annualized relapse rate at 48 weeks (ITT) 0.065 (0.028 to 0.149) ‘ 0.068 (0.030 to 0.153)

Rate difference (95% CI) —0.003 (= 0.078 to 0.072) 0.95

Secondary clinical endpoints

Disability progression confirmed at 12 weeks*

Patients with event (%) 6 (7.06) 5(5.90)

Hazard ratio (95% CI) 1.25(0.38 to 4.10) 0.71
Disability progression confirmed at 24 weeks*

Patients with event (%) 6 (7.06) 2(2.35)

Hazard ratio (95% CI) 3.15 (0.64 to 15.60) 0.16
Proportion of relapse-free patients by Week 96 (%) 76 (89.41) ‘ 74 (87.10) 0.63

Secondary MRI endpoints

Total no. of new or newly enlarged hyperintense lesions on T,-weighted MRI by week 96°

Mean no. of lesions per scan (95% CI) 0.16 (0.08 to 0.33) ‘ 0.08 (0.03 to 0.20)

Rate ratio (95% CI) 1.98 (0.70 to 5.73) 0.21
T,-volume change from baseline to week 96 —0.60 (5.94) ‘ —0.70 (2.60) 0.88
Exploratory endpoints
Annualized relapse rate at 96 weeks 0.112 (0.041 to 0.184) ‘ 0.124 (0.049 to 0.198)

Rate difference (95% CI) —0.011 (= 0.113 to 0.089) 0.82
Proportion of patients experiencing CD19 levels of less than 1% at least once (%) | 55 (64.71) ‘ 54 (63.53) 0.87

Table 2. Clinical and MRI endpoints during the trial. CI confidence Interval, ITT intention to treat,
MRImagnetic resonance imaging, PP per protocol. *All rate ratios, hazard ratios, and rate difference values
are for the Xacrel versus the Ocrevus. **Per protocol set (81 patients in the Xacrel group and 83 patients in the
Ocrevus group). *Disability progression that was confirmed at 12 or 24 weeks was defined as an increase from
the baseline EDSS score of at least 1.5 score if the baseline value was zero; at least 1 score increase in EDSS if
0 < baseline EDSS <5.5 and at least 0.5 score increase in EDSS if the baseline EDSS > 5.5, that was sustained
for at least 12 or 24 weeks. $The total number of lesions was calculated as the sum of the individual number of
lesions at weeks 24, 48, and 96, divided by the total number of MRI scans of the brain.

Additionally, a multicenter observational study with a median follow-up of 204 days reported an ARR of 0.17 2%,
We speculate that differences in follow-up durations could explain the difference between the reported and our
study results. Another main point to consider is that all these studies were in a real-world setting, which is much
different from our design.

Along with the 48-week ARR, there were no significant differences between the two groups regarding the
96-week ARR results. The results were in line with the study, which led to FDA approval of ocrelizumab'2 In
a non-randomized controlled trial on patients with a suboptimal response after >6 months on another DMT,
96-week adjusted ARR based on baseline EDSS (< 2.5 vs. > 2.5) and the number of previous DMTs (=1 vs. >
1), was 0.046 2. In a real-world, retrospective, single-center observational cohort study in Qatar with a median
follow-up period of 19 months, ARR was 0.21 %,

In our study, 12- and 24-week CDP were also evaluated, and there were no statistically significant differences
between the two groups in terms of these parameters. The clinical efficacy data in our study were generally in line
with those reported in the OPERA studies and the few real-world studies conducted so far!>1%21:22,

In general, 20 patients experienced relapses within 96 weeks of the study. Nine patients were in the Xacrel
group, and the other 11 patients were in the Ocrevus group. The proportion of relapse-free patients did not differ
between the two groups, and the results were also in line with OPERA and some other studies'>202223,

In addition, comparable efficacy between Xacrel and Ocrevus was confirmed by evaluating patients’ MRI
activity. There was no statistically significant difference between the two study groups in the mean number of
the new/enlarging T, hyperintense lesions per scan. In OPERA trials, new or enlarging T, lesions per MRI scan
were reported to be 0.32 and 0.33. Considering baseline T, lesions values in OPERA studies, the difference in
results can be justified. Patients enrolled in OPERA studies had more T, lesions at the time of study entrance'%.
T, lesions’ volume change was another efficacy parameter evaluated in this study. It was shown that T, lesions’
volume change was similar between the two groups. In addition, our results were in line with a non-randomized
controlled trial which reported overall T, lesions’ volume change to be — 0.56 cm? from baseline to week 962
This study showed no new gadolinium-enhancing lesions throughout the study period among the two study
groups.

CD19 is considered to be a sensitive -but not specific- pharmacodynamic marker for evaluating anti-CD20
therapies’ efficacy'?. Therefore, decreased CD19 levels following B-cell depleting treatments could be regarded
as an effective medication in terms of pharmacodynamics. In addition to all analyses explained above, in this

Scientific Reports |

(2024) 14:24921 | https://doi.org/10.1038/s41598-024-75745-y nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Rate diff, -0.003 (95% CI: -0.078 , 0.072)

Rate diff, -0.002 (95% CI: —0.080 , 0.075)

—— ©Intention to treat
f—— Per protocol
-04 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 04
Favors Xacrel Favors Ocrevus
- —_—

Fig. 2. Forest plot for the primary endpoint (annualized relapse rate). CI confidence interval.

study, the proportion of patients who experienced CD19 levels of less than 1% throughout the study period at
least once was almost the same between the two groups. Evaluating the trend of CD19 levels during the study
period also showed that Xacrel and Ocrevus are comparable regarding the pharmacodynamic characteristics.

Based on the trial findings, Xacrel and Ocrevus were generally comparable in terms of safety parameters. The
overall incidence of AEs and SAEs were comparable between the two arms.

This study had some limitations, including the influence of the COVID-19 pandemic on patients’ compliance
that might have affected their attendance at their scheduled visits. In addition, even though there was a central
physician for evaluating MRI reports, MRI instruments variability between different study centers could possibly
affect the results.

Conclusion

The results of this study confirmed that Xacrel is equivalent to the originator Ocrevus in terms of 48-week ARR
in RMS patients. In addition, the results of other efficacy parameters, including 12- and 24-week CDP, MRI
lesions, and safety, were also comparable among the two groups. Therefore, Xacrel can be considered a biosimilar
to Ocrevus.
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0.0 1
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Time (Week)
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Xacrel 85 84 81 79 76 73 70 69 58
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Fig. 3. Kaplan-Meier plots for proportion of patients with confirmed disability progression. (a) Confirmed
disability progression at 12 weeks. (b) Confirmed disability progression at 24 weeks. The reported p-values
were calculated using the Log-Rank test. CI confidence Interval.
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Xacrel Ocrevus
(N=85) (N=85)
Number of patients
Variable (%)
Any adverse event 83 (97.65) | 83 (97.65)

Infusion-related reaction | 51 (60) 54 (63.53)

Infections and infestations

Herpes zoster 1(1.2) 1(1.2)
Oral herpes 1(1.2) 3(3.5)
Genital herpes 0(0) 1(1.2)

infection

Urinary tract 4(47) 112)

Corona virus infection |21 (24.7) |25 (29.4)

Neoplasms benign,
malignant and 1(1.2) 1(1.2)
unspecified

Any serious adverse event | 8 (9.41) 12 (14.12)

Serious infections and
infestations

5(5.90) 8(9.41)

Table 3. Adverse events (safety population).

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding
author on reasonable request.
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