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Abstract
Background and Objectives
Patients with multiple sclerosis (MS) may demonstrate better disease control when treatment
is initiated on high-efficacy disease-modifying therapies (DMTs) from onset. This subgroup
analysis assessed the long-term efficacy and safety profile of the high-efficacy DMT ocrelizumab
(OCR) as first-line therapy for early-stage relapsing MS (RMS).

Methods
Post hoc exploratory analyses of efficacy and safety were performed in a subgroup of treatment-
naive patients with RMS who received ≥1 dose of OCR in the multicenter OPERA I/II
(NCT01247324/NCT01412333) studies. Patients were randomized to OCR or interferon
β-1a for 96 weeks (double-blind controlled treatment period [DBP]), before switching to OCR
in the open-label extension (OLE). Efficacy assessments included no evidence of disease
activity (NEDA-3), 24-week confirmed disability progression (CDP), MRI lesion activity,
change in whole-brain volume; with safety outcomes assessed over a 9-year treatment period.

Results
Overall, 757 patients were included (interferon-treated n = 382, mean age 36.3 years, 65.7%
female; OCR-treated n = 375, mean age 35.5 years, 64.0% female); 505 of 757 (66.7%)
completed 9 years of follow-up. The difference in NEDA status between OCR-treated and
interferon-treated patients achieved during the DBP (72.5% and 43.8%, respectively, odds ratio
3.48, 95% CI 2.52–4.81) was maintained throughout the 7-year OLE (48.2% vs 25.7%; odds
ratio 2.72, 95% CI 1.94–3.82). No 24-week CDP was observed in 78.7% of OCR-treated
patients over 9 years. Brain volume loss over the entire study period remained numerically
higher among patients starting OCR later (p = 0.09 at OLE at week 336). During the DBP,
safety profiles in both groups were similar; no new safety signals were observed during the OLE.
Over >9 years of continuous OCR treatment, the rate of infections remained low and stable
over time.

Discussion
A higher proportion of OCR-treated patients achieved NEDA status compared with interferon-
treated patients during the DBP, which was maintained throughout the OLE. After switching to
OCR, disability accrual and brain volume loss among interferon-treated patients became similar
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to the OCR–OCR group, but disability and brain volume loss accrued during interferon treatment were not recovered. Possible
study limitations include assessment bias due to unmaintained blinding during the OLE. These data support OCR as first-line
therapy for these patients.

Classification of Evidence
This study provides Class II evidence that OCR delays disease progression in treatment-näıve patients with early-stage RMS.

Introduction
Multiple sclerosis (MS) is a chronic and progressive disease
from onset; although initially its progression might be subtle,
it becomes more apparent over time.1 Patients who receive
early treatment show long-term benefits to disease pro-
gression,2 delaying worsening of quality of life, and reducing
the socioeconomic burden on patients and health care sys-
tems.3 Although patients are still often started on lower-
efficacy disease-modifying therapies (DMTs), followed by
therapy escalation in response to disease activity or pro-
gression,4 evidence suggests that earlier treatment with high-
efficacy DMTs is more beneficial for preventing disability
accrual.2,5 Nevertheless, the question whether treating
patients with an escalating approach or first-line treatment
with high-efficacy therapies remains in dispute.6

Inflammation associated with B cells plays an important role in
the induction of tissue injury early in the MS disease course.7

Ocrelizumab (OCR; Ocrevus, Genentech Inc., South San
Francisco, CA) is a humanized monoclonal antibody that
selectively targets CD20+ B cells and is approved for relapsing
MS (RMS) and early primary progressive MS.8,9 OCR treat-
ment preserves preexisting humoral immunity, and B cells can
reconstitute once dosing is discontinued.10 In the OPERA I/II
trials, OCR demonstrated superior efficacy for preventing
relapses and confirmed disability progression (CDP) for
RMS, with a favorable andmanageable safety profile, as well as
a higher rate of disability improvement, compared with sub-
cutaneous interferon (IFN) β-1a given 3 times weekly.11

Significant benefits of OCR on MRI outcomes, compared
with patients receiving IFN, were also reported.11 Although it
has been demonstrated that starting OCR earlier reduces the
risk of irreversible disability accumulation compared with
starting with a low-efficacy treatment such as IFN,11 or on
placebo,12 there are limited data, requiring additional evidence
as to whether this would also apply to patients who are
treatment näıve and relatively early in their disease course.

This subgroup analysis was conducted to assess over >9 years
the long-term efficacy and safety of OCR in patients with early
RMS in the double-blind and open-label extension (OLE)
periods of the OPERA studies. The primary research question
in this analysis is do the long-term efficacy and safety data
support the use of the high-efficacy DMT OCR as first-line
therapy for patients with early-stage RMS?

Methods
Trial Design and Patients
OPERA I (NCT01247324) and OPERA II (NCT01412333)
were phase III, multicenter, randomized, double-blind, double-
dummy, IFN-controlled trials assessing the efficacy and safety of
OCR treatment in patients with RMS. Detailed study method-
ology was reported previously11 and is summarized here.

Patients were randomly assigned, in a 1:1 ratio, to receive
either 600 mg OCR by intravenous infusion every 24 weeks,
administered as two 300 mg infusions on days 1 and 15 for the
first dose and as a single 600 mg infusion thereafter, or IFN
β-1a at a dose of 44 μg (Rebif; EMDSerono Inc., Boston,MA),
administered subcutaneously 3 times weekly throughout the
96-week treatment period. Patients entered the OLE as per
the previously described protocol.13 At the start of the OLE
phase, patients who received OCR in the double-blind con-
trolled treatment period (DBP) continued OCR (OCR–OCR
group) and patients from the IFN β-1a group were switched
to OCR (IFN–OCR group), given every 24 weeks. The first
patient completing the DBP entered the OLE phase in August
2013. The clinical cutoff date for inclusion of data in this
analysis was November 26, 2021, with ≥9 years of follow-up in
the study (year defined as a double cycle, 48 weeks).

Patients from the main OPERA I/II studies were selected for
this early RMS subgroup analysis based on the 2 following
criteria: both a confirmed diagnosis of RMS (per 2010

Glossary
AE = adverse event; ARR = annualized relapse rate; cCDP = composite CDP; CDP = confirmed disability progression;
COVID-19 = coronavirus disease 2019; CTCAE = Common Terminology Criteria for AEs; DBP = double-blind controlled
treatment period;DMT = disease-modifying therapy; EDSS = Expanded Disability Status Scale;Gd = gadolinium;HR = hazard
ratio; IFN = interferon; IgG = immunoglobulin G; LLN = lower limit of normal; MMRM = mixed-effects model of repeated
measures; MS = multiple sclerosis; NEDA = no evidence of disease activity; NfL = neurofilament light chain; OCR =
ocrelizumab;OLE = open-label extension; PY = patient-years; RMS = relapsing MS; SAE = serious AE; SI = serious infection.
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McDonald criteria)14 ≤2 years before inclusion in the study
and no previous DMT treatment.

Standard Protocol Approvals, Registrations,
and Patient Consents
The trial protocols (NCT01247324 and NCT01412333)
were approved by the relevant institutional review boards/
ethics committees.Written informed consent was provided by
all patients.

Efficacy Assessments
The following endpoints are reported for the DBP and OLE
phases, using the pooled OPERA trial population.

No Evidence of Disease Activity
No evidence of disease activity (NEDA-3) status was defined as
the combined absence of protocol-defined relapses, 24-week
CDP, new or enlarging T2 lesions, or T1 gadolinium (Gd)–
enhancing lesions over the reported period. Participants who
withdrew from the study because of lack of efficacy or death are
included in the analysis with NEDA-3 status. NEDA estimates
are calculated at the end of the DBP (week 96) and at OLE
week 336 over the entire reported period of the study.

24-Week CDP and Composite CDP
24-week CDP was defined as an increase in the Expanded
Disability Status Scale (EDSS) score from baseline EDSS by at
least 1.0 point (increase of ≥0.5 points if baseline EDSS
score >5.5), with confirmation of the change over a period of at
least 24 weeks after the initial assessment. 24-week composite
CDP (cCDP), based on data only available for the 96-week
DBP period, was defined asmeeting at least one of the following
3 criteria: (1) an increase in 24-week CDP, (2) an increase from
baseline of at least 20% in the time taken to complete the Nine-
Hole Peg Test (applied to the average of both hands), or (3) an
increase from baseline of at least 20% in the time taken to
complete the Timed 25-Foot Walk Test, sustained for a period
of at least 24 weeks. Time to onset of cCDP is defined as the first
occurrence of a confirmed progression event according to at
least one of these criteria. Time to 24-week CDP (DBP and
OLE) and time to 24-week cCDP (DBP only) were assessed
and plotted in cumulative incidence curves.

Annualized Relapse Rate
The annualized relapse rate (ARR) was calculated as the total
number of protocol-defined relapses from DBP baseline, di-
vided by the total patient-years (PY) of exposure to that
treatment. Protocol-defined relapses were defined as the oc-
currence of new or worsening neurologic symptoms attrib-
utable to MS with an increase of at least half a step on the
EDSS, 2 points on one of the appropriate Functional Systems
Scores scale, or 1 point on 2 or more of the appropriate FSS
for all patients in the treatment group.

Brain MRI Outcomes
MRI lesion activity was measured in both treatment groups
using the total number of new or newly enlarged T2 lesions

and total number of T1 Gd-enhancing lesions on brain MRI,
assessed at baseline, study weeks 24, 48, and 96, as well as
every 48 weeks in the OLE phase. To assess full efficacy,
unconfounded by MRI lesion activity carried over during the
first 4–8 weeks from treatment initiation, a rebaselining ap-
proach for MS lesions as per recent recommendations.15 As
such, MRI data were rebaselined at week 24 in this study.
Percentage change in whole-brain volume from baseline was
assessed using SIENA/SIENAX software.16 Percentage
change in cortical gray matter volume and white matter vol-
ume from baseline was assessed using paired Jacobian
integration.17

Neurofilament Light Chain Levels
Age-adjusted serum neurofilament light chain (NfL) levels
were assessed, and distributions within the DBP population
were assessed. Serum NfL levels over the course of the DBP
and OLE were monitored. NfL levels were compared with
those obtained from a healthy donor cohort,18 in which serum
and plasma samples were collected from 118 healthy indi-
viduals of age range 24–66 years. Serum samples were
assessed for NfL using the SIMOA assay (Quanterix NfL
Advantage Kit). Serum-based measurements were assessed at
each clinic visit (every 6 months).

Safety Reporting
Safety assessments consisted of monitoring and recording
adverse events (AEs) and serious AEs (SAEs) from the first
randomized dose onward until the clinical cutoff date. The
2019 novel coronavirus disease (COVID-19) was declared
a global pandemic by the World Health Organization in 2020,
when the RMS patient population under study was in its
seventh year of OCR therapy. To enable a consistent as-
sessment over time, COVID-19–specific AEs were excluded
from this analysis because extensive analyses of COVID-19
infections in patients treated with OCR have been previously
published.19-22 Safety outcomes including AEs, SAEs, and AEs
leading to treatment discontinuation were monitored and
coded as per Medical Dictionary for Regulatory Activities
(versions 18.0 to 24.1). AE severity was graded according to
the Common Terminology Criteria for Adverse Events
(CTCAE). The safety population included all randomized
patients who received at least 1 dose of OCR treatment. The
single-drop method was used to examine the risk of serious
infections (SIs) during the period of immunoglobulin G
(IgG) below the lower limit of normal (LLN) compared with
the risk of SIs during the period of IgG ≥LLN (eFigure 1).
The duration of exposure of single-drop IgG <LLN was de-
fined as the duration from the day the first laboratory
value <LLN until the day the laboratory value normalized
to ≥LLN; the SIs with onset dates in between were counted.

Statistical Methods
This was a post hoc exploratory analysis of the OPERA I and
II study. Statistical approaches, including the analyses of pri-
mary and secondary endpoints, were described previously.11

The analysis data set consisted of the early RMS subset
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(see “Trial Design and Patients” above for the definition) of
the intention-to-treat population of the OPERA study;
missing data were not imputed. ARR was analyzed with the
use of a negative binomial generalized linear model. Time to
24-week CDP and cCDP (the latter only being derivable in
the DBP) were evaluated based on the time from baseline to
the first assessment meeting the endpoint definition, using
Kaplan–Meier plots and Cox regression analysis. The change
in whole-brain volume over time was analyzed using a mixed-
effects model of repeated measures (MMRM) with an un-
structured covariance to account for within-patient variance
between visits. NfL data at baseline were compared using an
age-adjustment methodology described previously18 to en-
sure that cohorts were not confounded by their age differ-
ences and to derive age-adjusted healthy donor NfL levels.
Change from baseline in NfL was modeled using an MMRM.
Patients who discontinued treatment early for reasons other
than lack of efficacy or death and had NEDA before early
discontinuation were excluded. Safety outcomes are reported
as incidence rates (events per 100 PY of exposure) with
Poisson distribution-based CIs. Multiple occurrences of the
same AE in 1 patient were counted multiple times. All sta-
tistical hypotheses were tested at the 5% significance level
against 2-sided alternatives.

Data Availability
Qualified researchers may request access to individual patient-
level data through the clinical study data request platform.23

Further details on Roche criteria for eligible studies are
available online.24 Further details on Roche’s Global Policy on
the Sharing of Clinical Information and how to request access
to related clinical study documents are available online.25

Results
Efficacy Analyses

Patient Disposition and Analysis Population
As previously reported,13 >90% of patients in both groups from
the total OPERA study who completed the DBP (where no
treatment crossover was allowed) entered the OLE phase. Of
the patients enrolled in theOPERA studies, 757met the criteria
for analysis as part of the early RMS, treatment-naive subgroup
(constituting the ITT population), comprising 382 patients in
the IFN–OCR group and 375 patients in the OCR–OCR
group. The approximate balance of these 2 groups is compat-
ible with very limited selection bias. Baseline demographics and
patient characteristics were similar between the groups
(Table 1).

On completing the DBP, 19 (5%) patients from the
IFN–OCR group and 12 (3%) patients from the OCR–OCR
group did not enter the OLE phase. In this early RMS
treatment-naive subgroup, 505 of 757 (67%) patients
remained on OCR treatment at 9-year follow-up. The overall
percentage of patients who discontinued OCR treatment due
to AEs was 9.9% and 8.3% in the IFN–OCR and OCR–OCR

groups, respectively (see Figure 1 for withdrawal from study
reasons).

NEDA-3 With MRI Rebaseline at Week 24
At week 96 (2 years) in the DBP, 72.5% of OCR-treated
patients achieved NEDA status compared with 43.8% of
IFN-treated patients (odds ratio 3.48, 95% CI 2.52–4.81;
p < 0.0001) and significantly fewer OCR-treated patients had
T1 enhancing lesions, new/enlarging T2 lesions, or protocol-
defined relapses (Table 2). At OLE week 336 (9 years), 48.2%
of patients in the OCR–OCR group maintained NEDA status
vs approximately 25.7% in the IFN–OCR group (Table 2).
After patients in the IFN–OCR arm switched to OCR in the
OLE period, the ARR, MRI activity, and the rate of disability
accumulation became similar to OCR–OCR group; however,
the differences that developed between the groups during the
DBP continued to influence the differences in NEDA at OLE
week 336.

Time to 24-Week Composite CDP and CDP
Time to 24-week cCDP during the DBP showed a statistically
significant difference between the IFN–OCR andOCR–OCR
groups (hazard ratio [HR] 0.70, 95% CI 0.50–0.98, p =
0.039), indicating that there was a 30% lower risk of reaching
24-week cCDP in the OCR–OCR group compared with the
IFN–OCR group during the DBP (Figure 2A). Numerical

Table 1 Baseline Demographics and Disease
Characteristics of Treatment-Naive Patients With
Early RMS Who Entered the OLE Phase From the
IFN β-1a and OCR Double-Blind Controlled
Treatment Period Groups

IFN β-1a
(N = 382)

OCR
(N = 375)

Age, y

Mean (SD) 36.3 (9.3) 35.5 (9.3)

Median 36.0 37.0

Sex, n (%)

Female 251 (65.7) 240 (64.0)

Male 131 (34.3) 135 (36.0)

Duration since diagnosis, y, mean (SD) 0.6 (0.5) 0.6 (0.4)

Duration sinceMS symptomonset, y, mean (SD) 3.4 (4.1) 3.1 (4.0)

EDSS, mean (SD) 2.4 (1.2) 2.4 (1.1)

T1 Gd+, n (%)

0 219 (58.1) 209 (56.5)

≥1 158 (41.9) 161 (43.5)

No. of T2 lesions, mean (SD) 44.8 (36.3) 44.8 (38.8)

Abbreviations: EDSS = Expanded Disability Status Scale; IFN = interferon
β-1a; MS = multiple sclerosis; OCR = ocrelizumab; OLE = open-label exten-
sion; RMS = relapsing multiple sclerosis; T1 Gd+ = T1-weighted contrast-
enhancing lesion.

Neurology | Volume 104, Number 4 | February 25, 2025 Neurology.org/N
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benefits (HR 0.66, 95% CI 0.39–1.11) were observed for the
24-week CDP outcomes during the DBP for the OCR–OCR
group compared with the IFN–OCR group. Although the
rates of progression between treatment groups became similar
following the switch to OCR for the IFN–OCR group
(eFigure 2), the benefits observed to 24-week CDP for the

OCR–OCR group were maintained throughout the 9-year
period (OLE week 336) (Figure 2B).

Annualized Relapse Rate
The OCR–OCR group showed an overall ARR of 0.05 (up
to OLE week 336), compared with an ARR of 0.09 in the

Figure 1 Summary of Treatment Disposition at OLE Week 336 (Year 9)a of Follow-up

The total ITT population referred to
here includes those patients complet-
ing the double-blind treatment phase
andmeeting the criteria for analysis as
part of the early RMS, treatment-naive
subgroup. Of the 382 and 375 patients
included in the IFN–OCR and
OCR–OCR cohorts, respectively, the
number of participants who dis-
continued due to study withdrawal,
being lost to follow-up, lack of efficacy,
died, or had AEs was calculated; per-
centages in parentheses. a 96 weeks (2
years) in the double-blind period plus
267 weeks (7 years) in the OLE. AE =
adverse event; IFN = interferon; ITT =
intention-to-treat; OCR = ocrelizumab;
OLE = open-label extension.

Table 2 Rates of NEDA and Components at Week 96 (2 Years) in the Double-Blind Controlled Treatment Period and at
OLE Week 336 (9 Years)

IFN–OCR (N = 382), n (%) OCR–OCR (N = 375), n (%) Odds ratio (95% CI) p Value

DBP week 96 (2 y)a 347 345

NEDAa,b 152 (43.8) 250 (72.5) 3.48 (2.52–4.81) <0.0001

No 24-wk CDP 338 (88.5) 346 (92.3) 1.60 (0.97–2.62) 0.0623

No PDRs 277 (72.5) 310 (82.7) 1.77 (1.24–2.52) 0.0013

No Gd-enhancing T1 lesionsb 309 (80.9) 368 (98.1) 12.16 (5.49–26.92) <0.0001

No new or enlarging T2 lesionsb 239 (62.6) 356 (94.9) 10.75 (6.50–17.78) <0.0001

DBP + OLE week 336 (9 y)a 327 303

NEDAa 84 (25.7) 146 (48.2) 2.72 (1.94–3.82) <0.0001

No 24-wk CDP 286 (74.9) 295 (78.7) 1.25 (0.89–1.75) 0.2024

No PDRs 251 (65.7) 285 (76.0) 1.62 (1.18–2.23) 0.0029

No Gd-enhancing T1 lesionsb 300 (78.5) 367 (97.9) 12.11 (5.76–25.46) <0.0001

No new or enlarging T2 lesionsb 210 (55.0) 336 (89.6) 7.04 (4.76–10.41) <0.0001

Abbreviations: CDP = confirmed disability progression; DBP = double-blind controlled treatment period; Gd = gadolinium; IFN = interferon; NEDA = no
evidence of disease activity; OCR = ocrelizumab; PDR = protocol-defined relapse.
Patients who were withdrawn prematurely from their treatment were considered as having an event if they withdrew due to efficacy, failure, or death, or if
they had an event before withdrawal.
a NEDA-3 was calculated for all patients with readings on all components.
b MRI data fromweek 24 of the DBPwere used as a baseline, with Gd+ T1 or new or enlarging T2 lesions detected onward being used for the derivation of the
endpoint data.
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IFN–OCR group (p = 0.0036; adjusted rate ratio of 0.627),
due to a higher rate of relapses during the DBP.

Brain Volume Change
During the DBP, patients receiving IFN incurred greater
brain volume loss than patients receiving OCR (p < 0.001
at week 96). Although the brain volume loss slowed after
IFN–OCR patients were switched to OCR, the brain vol-
ume loss occurred in these patients during the DBP per-
sisted in OLE and the brain volume loss rates over the
entire study period remained numerically higher among
patients starting OCR treatment later (p = 0.09 at OLE
week 336) (Figure 3).

NfL Levels
Age-adjusted NfL levels from the subgroup were similar be-
tween both treatment arms at baseline and were elevated
compared with the healthy donor cohort (eFigure 3).
Treatment with OCR led to a significant reduction in NfL
levels, observed by week 12, with a greater reduction observed
at week 96 of the DBP (change from baseline at week 96:
−50.3% [−53.1% to −47.4%], p < 0.001), where levels of NfL
reached healthy donor ranges18 (eFigure 3).

At week 96 of the DBP, patients treated with OCR had lower
levels of NfL than patients treated with IFN (−38.0% [−41.6%
to −34.2%], p < 0.001). On switching from IFN to OCR

Figure 2 (A) Time toOnset of cCDP for at Least 24WeeksDuring theDBP and (B) Time toOnset of CDP for at Least 24Weeks
During the DBP and OLE

Curves showKaplan–Meier estimates of the proportion of patientswith (A) cCDPand (B) CDP events throughout theDBPandOLE treatment period (OLEweek
336; 9 years). cCDP = composite CDP; CDP = confirmed disability progression; DBP = double-blind controlled treatment period; HR = hazard ratio; IFN =
interferon; OCR = ocrelizumab; OLE = open-label extension; W = week.

Neurology | Volume 104, Number 4 | February 25, 2025 Neurology.org/N
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during the OLE, NfL levels in the IFN–OCR group reached
the same levels as those in the OCR–OCR group (eFigure 3).
NfL levels remained within the healthy donor range
throughout the OLE period (up to week 334; 9 years).

Safety Analyses
The overall safety profile was similar between the 2 groups
during the DBP. The cumulative incidence rates of AEs and
SAEs in all patients who received OCR over the DBP + OLE
period were consistent with those observed during the DBP, as
well as with those in the OCR all-exposure group (Table 3).

With COVID-19–related AEs excluded, the rate of AEs per 100
PY was 196.06 (95% CI 192.07–200.11). The most frequently
reported AEs were infections at a rate of 65.94 (63.64–68.31).
Over >9 years of continuous OCR treatment, the rate of
infections remained low and stable over time. Similar infection
rates were observed in the DBP + OLE period as those seen in
the IFN arm during the DBP, 65.09 (59.87–72.39), and in the
all-exposure OCR population, 67.37 (66.36–68.39).

The question of whether long-term treatment with OCR may
increase the risk of infections has been previously discussed.26

Figure 3 Percentage Change in Total Brain Volume From Baseline in the DBP and OLE

Adjusted mean and 95% CI estimates
of percentage change frombaseline in
total normalized brain volume were
from a mixed-effects model of re-
peated measures using unstructured
covariance matrix with the following
explanatory variables: treatment (IFN
vs OCR), baseline normalized brain
volume, geographic region (the
United States vs ROW), baseline EDSS
category (<2, ≥2), treatment duration,
as well as the interactions of study
week with treatment (IFN vs OCR) and
with baseline normalized brain vol-
ume. DBP = double-blind controlled
treatment period; EDSS = Expanded
Disability Status Scale; IFN = interferon;
OCR = ocrelizumab; OLE = open-label
extension; PBVC = percentage brain
volume change; ROW = rest of world.

Table 3 AE Rates for the Treatment-Naive, Early RMS Subgroup During the DBP, DBP + OLE, and the Ocrelizumab
All-Exposure Population, Excluding COVID-19

AE
Rate per 100 PY (95% CI)

Early RMS, treatment-naive, OPERA OLE

OCR all-exposurea
DBP DBP + OLE

IFN β-1a (N = 382; 661.5 PY) OCR (N = 374, 663.7 PY) OCR (N = 668; 4,695.0 PY) OCR (N = 5,848; 25,153.1 PY)

Any AEs 327.57 (313.92–341.66) 311.15 (297.88–324.87) 196.06 (192.07–200.11) 230.12 (228.25–232.01)

AEs leading to discontinuation 4.69 (3.18–6.65) 2.11 (1.15–3.54) 1.19 (0.90–1.55) 0.93 (0.81–1.06)

Serious AEs 4.69 (3.18–6.65) 4.22 (2.80–6.10) 5.84 (5.17–6.57) 6.90 (6.58–7.23)

Fatal outcomes 0.15 (0.00–0.84) 0.00 (0.00–0.56) 0.04 (0.01–0.15) 0.16 (0.12–0.22)

Malignanciesb 0.15 (0.00–0.84) 0.45 (0.09–1.32) 0.53 (0.34–0.79) 0.47 (0.39–0.57)

Infections 65.09 (59.87–72.39) 83.33 (76.53–90.57) 65.94 (63.64–68.31) 67.37 (66.36–68.39)

Serious infections 2.42 (1.38–3.93) 0.90 (0.33–1.97) 1.28 (0.98–1.64) 2.04 (1.87–2.22)

IRR 5.90 (4.19–8.06) 34.20 (29.90–38.96) 11.69 (10.74–12.71) 22.96 (22.37–23.56)

Abbreviations: AE = adverse event; DBP = double-blind controlled treatment period; IFN = interferon; IRR = infusion-related reaction; OCR = ocrelizumab; OLE
= open-label extension; PY = patient-years; RMS = relapsing multiple sclerosis.
Multiple occurrences of the sameAE in 1patient were countedmultiple times. 95%CIwas calculatedusing an exactmethod basedon the Poisson distribution.
a TheOCR all-exposure population refers to all OCR-treated patientswith RMS andPMS across theOCR trials as of November 2021. ClinicalTrials.gov identifier
numbers: NCT00676715 (phase II), NCT01247324 (OPERA I), NCT01412333 (OPERA II), NCT01194570 (ORATORIO), NCT02545868 (VELOCE), NCT02637856
(CHORDS), NCT02861014 (CASTING), NCT02688985 (OBOE), NCT03085810 (ENSEMBLE), NCT03523858 (CONSONANCE), and NCT03599245 (LIBERTO).
b The reported malignant events were basal cell carcinoma (9; 2 patients had multiple events), invasive ductal breast carcinoma (4), breast cancer (2),
malignant melanoma (2), intraductal proliferative breast lesion, metastatic malignant melanoma, adenocarcinoma of the colon, colon cancer, prostate
cancer, chondrosarcoma, dermatofibrosarcoma protuberans, and papillary thyroid cancer (1 each).
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When accounting for the COVID-19 pandemic, the rate of SIs
was 1.28 (0.98–1.65) and has remained stable overtime with
no new or particular pattern of SI identified by year. Pneu-
monia (0.28 per 100 PY, 95% CI 0.15–0.47) and urinary tract
infections (0.04 per 100 PY, 95% CI 0.01–0.15) were among
the most frequently reported SIs per 100 PY; the majority of
patients affected by SIs experienced CTCAE grade 3 intensity
SIs (74%), with the majority resolving (95%). The rate of SIs
leading to treatment discontinuation was low (0.13 per 100
PY, 95% CI 0.05–0.28). The rate of fatalities with COVID-19
terms excluded, at 0.04 (0.01–0.15), was consistent with DBP
and lower than that observed in the OCR all-exposure group.

Although an increased rate of SIs was observed during periods
of IgG <LLN (6.46 per 100 PY, 95% CI 3.34–11.29) com-
pared with normal levels (1.94 per 100 PY, 1.56–2.39), the
type, severity, latency (treatment year from commencement
of OCR therapy), duration, and outcome of SIs observed
during episodes of IgG below LLN were consistent with the
overall SIs observed in patients treated with OCR. Twelve SI
events were reported in 10 patients of the early RMS sub-
group, when IgG <LLN; most of which (8/12) were of
CTCAE grade 3 intensity, fully recovered (8/12), and were
not treatment limiting (11/12). When excluding COVID-
19–related infections, in patients with IgG <LLN, no SIs with
a fatal outcome were reported.

Classification of Evidence
This study provides Class II evidence that OCR delays
disease progression in treatment-naive patients with early-
stage RMS.

Discussion
The current analysis addresses the question of whether OCR
offers greater benefit compared with IFN β-1a when used as
a first-line, long-term therapy in treatment-naive RMS
patients with disease diagnosis ≤2 years before inclusion in the
study. In comparison with IFN β-1a, treatment with OCR
more effectively decreased the overall disease activity, in-
cluding the risk of disability progression, relapse activity, and
brain volume loss. It is important to note that the higher
disability accrual and average brain volume loss observed
during the 2 years on IFN treatment were not recovered, even
after switching to OCR, indicating that initiating treatment
with OCR earlier in the disease course is beneficial to patients
with RMS.

These results are consistent with existing evidence that
starting higher-efficacy treatment early in the MS disease
course is of greater therapeutic benefit than therapeutic es-
calation. The efficacy data obtained in this subpopulation are
similar to the results observed in the overall OPERA I/II
cohorts.11 Benefits to 24-week CDP and cCDPwere observed
for patients treated with OCR during the DBP phase com-
pared with those treated with IFN β-1a. During the OLE
phase, when all patients were treated withOCR, the difference

in 24-week CDP between the IFN–OCR and OCR–OCR
groups remained, indicating that although in OLE, the 24-
week CDP rate became similar to that of the OCR–OCR
group, the disability accrued during the treatment with IFN in
DBP remained and did not recover after switching to OCR.
The difference in NEDA rates observed between the IFN β-1a
and OCR groups during the DBP similarly remained during
the OLE period, indicating that the probability of controlling
disease activity over the 9 years of follow-up was significantly
better when OCR was commenced earlier. Relapse rates were
very low in the OCR–OCR group, translating to a group level
rate of 1 relapse every 20 years. This rate is important because
in the RMS population, higher rates of relapses are typically
observed.27 Similar to NEDA and 24-week CDP, numerical
benefits to total brain volume loss observed for patients on
OCR during the DBP were maintained during the OLE, also
indicating that neuronal tissue damage accrued during treat-
ment with IFN β-1a is not restored after switching to OCR.

NfL levels, a marker of neuroaxonal injury, have been shown to
correlate with acute inflammatory disease (e.g., T1 Gd+ lesions
and relapses) and associated with disease worsening.28,29

Findings from the overall OPERA I/II cohorts showed that
baseline NfL strongly associated with MRI worsening (in-
cluding whole-brain volume loss and thalamic volume loss).
Beyond its association with acute disease activity, persistently
elevated NfL levels during effective suppression of disease ac-
tivity were associated with future progression (CDP-24 weeks
on EDSS).30

In the DBP, OCR was able to more effectively decrease serum
NfL levels than IFN β-1a, with NfL being reduced to healthy
donor ranges by week 96. Switching to OCR led to a re-
duction of NfL in the IFN–OCR arm, with both groups
reaching similar average levels of this marker.

The results of this study also show no new safety signals with
OCR long-term treatment in this early RMS population, with
a safety profile that is similar to that observed for the total
population in the OPERA I/II studies. The retention rate
observed in the early RMS subgroup at 9 years was 67%, and
safety was not a major reason for withdrawal from the study.
AE rates observed in this subgroup were similar to those
observed in the total OPERA cohorts,13 indicating that there
is no increased risk of AEs with initiating OCR treatment
earlier. Across the total population in this substudy, infections
were the most frequently reported AEs; however, infection
rates were similar to those observed in the IFN arm during the
DBP, as well as the OCR all-exposure clinical study pop-
ulation, suggesting that there is no increased risk of infections
in patients with early RMS who started treatment with OCR
first line. SIs reported in this subgroup were also similar to
those observed in the all-exposure group, with no patterns
between starting OCR and SI occurrence. It is important to
note that SIs rarely led to withdrawals and largely resolved.
Although SI rates were observed to increase during periods of
reduced IgG levels in the univariate analysis, these SIs were
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not treatment limiting and were consistent with the overall SI
profile observed in the all-exposure population. In addition, the
multivariate analysis performed on the all-exposure RMS
population in OPERA studies demonstrated that only the
presence of ≥2 comorbidities was associated with an increased
risk of SIs, but notably, not the time on OCR treatment or IgG
levels.31,32

In our analysis, the incidence ratio (IR) of malignancies
remained within the epidemiology reference range. During
the DBP, the IR of all malignancies was 0.45 (95% CI
0.09–1.32) and across the DBP and OLE, the IR was 0.53
(95% CI 0.34–0.79); these data are comparable with those
reported in a Danish population-based register study (IR 0.67
[95% CI 0.22–2.07]).33

These results are supported by data from the recent EN-
SEMBLE phase IIIb study, which demonstrated a favorable
safety profile in patients with early diagnosed relapsing-
remitting MS treated with first-line OCR over 4 years,34 in-
dicating that OCR is beneficial for long-term use in patients
across the RMS spectrum, including as a first-line treatment in
patients with early RMS.

Possible limitations to this study include assessment bias,
which could have been introduced due to the lack of main-
tenance of blinding during the OLE. Finally, although the
proportion of patients completing the 9 years of follow-up was
relatively high (67%), attrition bias still remains a risk within
the cohort; even if the discontinuation rates in the IFN arm
were higher than those in the OCR arm.

These data support the use of the high-efficacy therapy OCR
as a first-line therapy in patients diagnosed with early-stage
RMS, for improved long-term clinical outcomes with a favor-
able safety profile, similar to what was observed in the overall
OCR-treated population. This further reinforces the use of an
initial high-efficacy therapy, which can provide beneficial
short-term and long-term effects on disease progression as
compared with an escalation approach for patients with MS.35
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