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INTRODUC TION

Relapsing multiple sclerosis (RMS) is typically a chronic progres-
sive disease that, in the majority of patients, eventually leads to 
increased disability and poor quality of life [1]. In clinical trials, dis-
ability is assessed using the Expanded Disability Status Scale (EDSS) 
[2]. Requiring a walking aid (expressed as an EDSS score ≥6.0) is a 
key clinical disability milestone highly associated with irreversible 

disability, decreased employment rates [3,4], and physical, emotional 
and financial challenges [1,5,6]. Delaying the time to reach EDSS 
score ≥6.0 is an important goal in the treatment of RMS.

Ocrelizumab (OCR) is the first CD20+ B-cell-selective monoclonal 
antibody approved for the treatment of RMS and primary progressive 
MS, at a dose of 600 mg intravenously twice-yearly [7]. OCR showed 
significant benefits on confirmed disability progression (CDP) in the 
double-blind period (DBP) of the OPERA I (NCT01247324) and OPERA 
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Abstract
Background and purpose: Requiring a walking aid is a fundamental milestone in multiple 
sclerosis (MS), represented by an Expanded Disability Status Scale (EDSS) score ≥6.0. In 
the present study, we assess the effect of ocrelizumab (OCR) on time to EDSS score ≥6.0 
in relapsing MS.
Methods: Time to EDSS score ≥6.0 confirmed for ≥24 and ≥48 weeks was assessed over 
the course of 6.5  years (336  weeks) in the double-blind period (DBP) and open-label 
extension (OLE) period of the OPERA I (NCT01247324) and OPERA II (NCT01412333) 
studies.
Results: Time to reach EDSS score ≥6.0 was significantly delayed in those initially ran-
domized to OCR versus interferon. Over 6.5  years, the risk of requiring a walking aid 
confirmed for ≥24 weeks was 34% lower among those who initiated OCR earlier versus 
delayed treatment (average hazard ratio [HR] DBP + OLE 0.66, 95% confidence interval 
[CI] 0.45–0.95; p = 0.024); the risk of requiring a walking aid confirmed for ≥48 weeks was 
46% lower (average HR DBP+OLE 0.54, 95% CI 0.35–0.83; p = 0.004).
Conclusion: The reduced risk of requiring a walking aid in earlier initiators of OCR demon-
strates the long-term implications of earlier highly effective treatment.
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II (NCT01412333) trials in RMS [8], and sustained efficacy with contin-
uous therapy over 5 years in the open-label extension (OLE) [9]. In the 
present study, we focused on the effect of OCR on time to EDSS score 
≥6.0 in patients with RMS after 6.5 years (336 weeks).

METHODS

Trial design and patients

OPERA I and OPERA II were Phase III, multicenter, randomized, 
double-blind, double-dummy, interferon (IFN)β-1a controlled trials 
with identical designs, assessing OCR in RMS [8]. Key eligibility cri-
teria included age 18–55 years, diagnosis of multiple sclerosis (2010 
revised McDonald criteria [10]) and baseline EDSS score 0–5.5. After 
completion of the DBP, patients meeting specific criteria were eli-
gible to enter an OLE phase; ineligible patients and those who de-
clined entered safety follow-up. Eligibility criteria for the OLE phase 
included: completion of the 96-week DBP; having the potential, in 
the opinion of the investigator, to benefit from treatment with OCR; 
ability and willingness to provide written informed consent for the 
OLE phase and to comply with the study protocol; willingness to 
continue to use at least two contraceptive methods; and meeting 
criteria for re-treatment with OCR [9].

During the DBP, patients were randomized (1:1) to receive OCR 
or IFNβ-1a for 96 weeks [8]. On completing the DBP, patients en-
tered the OLE via a 4-week screening phase. At OLE initiation, pa-
tients who received OCR in the DBP continued OCR (OCR–OCR 
group) and patients from the IFNβ-1a group switched to OCR (IFN–
OCR group), given every 24 weeks; in order to maintain blinding and 
in accordance with the start of the DBP, all patients received the 
first dose of OCR in the OLE as 2 × 300 mg infusions, 2 weeks apart. 
Treatment allocation was unblinded after the last data point from 
the last patient from the DBP was received. The first patient com-
pleting the DBP entered the OLE in August 2013 and the last patient 
entered the OLE in February 2015. The clinical cut-off date for this 
analysis was January 3, 2020.

The relevant institutional review boards/ethics committees 
approved the trial protocols (NCT01247324/NCT01412333) [8]. 
All patients provided written informed consent. The trial was con-
ducted in accordance with the Declaration of Helsinki.

Time to walking aid requirement assessments

Post hoc analyses were carried out to assess time to walking aid 
requirement (EDSS score ≥6.0) confirmed for ≥24 or ≥48 weeks in 
patients with baseline EDSS scores ≤5.5, using Kaplan–Meier and 
Cox  survival analysis in the intention-to-treat population. Hazard 
ratios (HRs) were estimated by Cox regression, stratified by study, 
geographical region (United States vs. rest of world), and baseline 
EDSS score (<4.0 vs. ≥4.0); average HRs over the whole DBP + OLE 
period are reported. A comparison of the survival distributions 

between patients randomized to OCR versus IFN using the log-rank 
test was carried out. p values for difference in event rates were cal-
culated using a t-test on the survival curve estimates at the indicated 
time points and associated standard deviation was derived by the 
Greenwood formula. Patients with post-baseline EDSS scores ≥6.0 
sustained for ≥24 or ≥48  weeks were considered to have experi-
enced an event. Patients with an initial EDSS score ≥6.0 at the time 
of treatment discontinuation and those with no follow-up visit after 
≥24 or ≥48 weeks were censored.

Trial registration

The OPERA I and OPERA II trials were registered in the ClinicalTrials.
gov registry (NCT01247324/NCT01412333).

RESULTS

Patient demographics and disposition

Baseline demographics and disease characteristics at DBP and 
OLE baseline have been presented previously [8,9] (summarized 
in Table 1); these were well balanced between treatment arms. In 
total, 96% of patients who completed the DBP entered the OLE 
(n  =  1,325/1,386), representing 80% of those initially randomized 
(n = 1,325/1,656).

Time to walking aid requirement confirmed for 
≥24 weeks

The proportion of patients who required a walking aid confirmed 
for ≥24 weeks was lower in OCR–OCR continuers versus IFN–OCR 
switchers at the end of the DBP (1.4% vs. 4.0%; p = 0.003) and at 
OLE Year 4.5 (7.2% vs. 10.0%; p = 0.07 [Figure 1a]). At the end of 
the DBP, the overall risk of requiring a walking aid confirmed for 
≥24 weeks was 68% lower among those who initiated OCR earlier 
versus delayed treatment (HR 0.32, 95% confidence interval [CI] 
0.16–0.64; p < 0.001); over 6.5 years, the risk was 34% lower (aver-
age HR DBP + OLE 0.66, 95% CI 0.45–0.95; p = 0.024).

Time to walking aid requirement confirmed for 
≥48 weeks

The proportion of patients who required a walking aid con-
firmed for ≥48  weeks was significantly lower in OCR–OCR con-
tinuers versus IFN–OCR switchers at the end of the DBP (0.8% 
vs. 3.1%; p = 0.001) and at OLE Year 4.5 (5.1% vs. 8.3%; p = 0.024 
[Figure 1b]). At the end of the DBP, the overall risk of requiring a 
walking aid confirmed for ≥48 weeks was 78% lower in those who 
initiated OCR earlier versus delayed treatment (HR 0.22, 95% CI 
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0.09–0.55; p < 0.001); over 6.5 years, the risk was 46% lower (aver-
age HR DBP + OLE: 0.54, 95% CI 0.35–0.83; p = 0.004).

DISCUSSION

Over 6.5  years, patients with RMS initiating OCR 2  years earlier 
had a reduced risk of requiring a walking aid, confirmed for ≥24 and 
≥48 weeks, versus those initially receiving IFNβ-1a. Due to modern 
treatment practice, identifying a contemporary real-world cohort 
who were treated for a comparable duration with IFNβ-1a alone, in 
order to better contextualize this analysis, proved challenging.

Requiring a walking aid can lead to significant physical, emotional 
and financial challenges and an overall reduced quality of life [1,5,6], 
along with increased healthcare costs and burdens [3]. Amongst 
other impairments, a walking aid is often cited as a specific fear or 
concern at diagnosis. Earlier OCR use delays the time to such mean-
ingful disability milestones. Differences in disability progression be-
tween OCR–OCR continuers and IFN–OCR switchers were evident 

throughout the OLE, indicating that switching to OCR is never as 
effective as earlier treatment, and does not reverse lost function. 
However, this difference was more evident at the end of the DBP 
compared to the OLE Year 4.5. This is likely explained by the fact 
that all patients were receiving OCR in the OLE. At OLE Year 4.5, 
the proportion of patients who required a walking aid confirmed for 
≥24  weeks was numerically lower in OCR–OCR continuers versus 
IFN–OCR switchers, but this did not reach statistical significance. 
This could be because shorter confirmation periods may result in 
identification of temporary disability changes, leading to an overes-
timation of the proportion of patients with long-term accumulation 
of irreversible disability [11]. When confirmed for ≥48  weeks, the 
difference in the proportion of patients who required a walking aid 
at OLE Year 4.5 was shown to be significant. Furthermore, the over-
all risk of requiring a walking aid throughout the whole DBP + OLE 
period was significantly lower in OCR–OCR continuers versus IFN–
OCR switchers when confirmed for both ≥24 and ≥48 weeks.

Together with the previously reported sustained, long-term ben-
efit of OCR on other measures of disability progression, including 

DBP baseline OLE baseline

IFNβ-1a
44 µg
(n = 829)

OCR
600 mg
(n = 827)

IFNβ-1a
44 µg/OCR 600 mg
(n = 623)

OCR 600 mg/
OCR 600 mg
(n = 702)

Age, mean (SD), 
years

37.2 (9.2) 37.1 (9.2) 39.3 (9.2) 39.2 (9.1)

Female, n (%) 552 (66.6) 541 (65.4) 408 (65.5) 454 (64.7)

EDSS score, 
mean (SD)

2.8 (1.3) 2.8 (1.3) 2.7 (1.5) 2.6 (1.3)

Patients with T1
Gd-enhancing 

lesions, n (%)†

327 (39.8)¶ 333 (40.7)†† 106 (17.3)†† 5 (0.7)§§

Number of T1
Gd-enhancing 

lesions, mean 
(SD)†

1.9 (5.0)¶ 1.8 (4.6)†† 0.5 (2.1)†† 0.02 (0.2)§§

Number of T1 
hypointense 
lesions (SD)‡

32.9 (35.1)¶ 32.4 (35.2)†† 35.6 (36.8)¶¶ 33.9 (36.1)¶¶

T2 hyperintense 
lesion 
volume, cm3, 
mean (SD)§

10.2 (11.8)‡‡ 10.8 (14.1)‡‡ 9.4 (11.5)††† 10.1 (13.8)‡‡‡

Number of T2 
lesions mean 
(SD)‡

51.0 (37.8)‡‡ 50.1 (38.8)‡‡ 55.5 (41.3) 50.9 (39.4)

Note: For magnetic resonance imaging measurements: †OLE baseline is the assessment at Week 
96; ‡OLE baseline is the sum of lesion counts at baseline, Week 24, Week 48 and Week 96; §OLE 
baseline is the last assessment prior to or at the start of OLE treatment.
Patients missing and excluded for calculating percentages: ¶n = 7; ††n = 9; ‡‡n = 5; §§n = 6; ¶¶n = 1; 
†††n = 33; ‡‡‡n = 44.
Demographics and disease characteristics at Week 96 of the DBP (clinical cut-off dates: OPERA I, 
April 2, 2015; OPERA II, May 12, 2015) are considered baseline for the OLE phase.
Abbreviations: DBP, double-blind period; EDSS, Expanded Disability Status Scale; Gd, gadolinium; 
IFN, interferon; OCR, ocrelizumab; OLE, open-label extension; SD, standard deviation.

TA B L E  1  Patient demographics and 
disease characteristics at double-blind 
period baseline and open-label extension 
baseline
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CDP and time to wheelchair need (EDSS score ≥7.0), in both RMS 
and primary progressive MS [9,12], these results demonstrate the 
benefit of early and continuous OCR treatment in a disease leading 
to progressive disability in the majority.
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