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Abstract

Open-label extension (OLE) studies help inform long-term safety and efficacy of disease-modifying therapies in multiple
sclerosis (MS). We report exploratory analyses from a phase 2 trial on the longest follow-up to date of ocrelizumab-treated
patients with relapsing-remitting MS (RRMS). The primary treatment period (PTP) comprised four 24-week treatment
cycles; participants were randomized to double-blind ocrelizumab (2000 mg or 600 mg), placebo, or interferon f-1a (open
label) for one cycle, then dose-blinded ocrelizumab 1000 mg or 600 mg for the remaining cycles. The PTP was followed by
consecutive assessed and unassessed treatment-free periods (TFPs) and then the OLE (ocrelizumab 600 mg every 24 weeks).
Safety and efficacy were prospectively assessed. Of 220 participants randomized, 183 (84%) completed the PTP. After the
TFP, 103 entered OLE (median OLE ocrelizumab exposure 6.5 years). Most common adverse events across all periods were
infusion-related reactions. MRI activity, annualized relapse rate, and confirmed disability progression (CDP) rates remained
low throughout. During the assessed TFP, there was a trend toward less and later B-cell repletion, and later CDP, for patients
randomized to ocrelizumab; MRI activity was observed in 16.3% of patients, the earliest 24 weeks after the last ocrelizumab
dose. This is the longest follow-up of ocrelizumab-treated patients with RRMS, with no new safety signals emerging during
an observation period from 2008 to 2020. Results reinforce the sustained efficacy of long-term ocrelizumab. Reduced disease
activity was maintained following interruption of 6-month dosing cycles, with no evidence of rebound.
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Introduction

Ocrelizumab (Ocrevus, Genentech, Inc., California, USA)
is an anti-CD20 monoclonal antibody approved for the
treatment of relapsing and primary progressive multiple
sclerosis (RMS/PPMS). Phase 3 data showed significant
benefit in clinical (confirmed disability progression, annu-
alized relapse rate) and MRI measures with sustained effi-
cacy in the open-label extension (OLE), where adverse
events (AEs) were consistent with past reports and no
new safety signals emerged with prolonged treatment [1,
2]. Given the life-long condition of MS with a high risk
of irreversible disability over time, and considering the
potential risks of long-term treatment, the collection of
long-term safety and efficacy outcomes is important to
inform the patient—clinician dialogue in treatment choices.

Here we present long-term follow-up data from the
phase 2 study of ocrelizumab in relapsing—remitting MS
(RRMS) (NCT00676715). This study was a multicenter,
randomized, parallel-group, placebo-, and interferon (IFN)
B-1a—controlled dose-finding study designed to evaluate
the efficacy and safety of two dose regimens of ocreli-
zumab in patients with RRMS. The study was originally
designed with a treatment duration of 96 weeks (primary
treatment period [PTP]) followed by a treatment-free
safety follow-up period (TFP) of at least 48 weeks with the
main aim of assessing B-cell repletion. After the favorable
primary study readout, an OLE was added to assess long-
term safety and efficacy.

The primary endpoint at week 24 showed a highly sig-
nificant reduction in gadolinium (Gd)-enhancing brain
MRI lesions with ocrelizumab treatment vs placebo; the
number of Gd-enhancing lesions was 89% (p <0.0001)
lower in the 600 mg ocrelizumab group than in the placebo
group, and 96% (p <0.0001) lower in the 2000 mg group
[3]. Patients subsequently continued on ocrelizumab and
had their last PTP assessment at week 96 to account for
the treatment effect from the last 6-monthly dose (at study
week 72) before entering the TFP.

We present herein a post hoc analysis of safety and
efficacy for the PTP, the TFP, and the OLE through Janu-
ary 2020, covering an observation period of more than a
decade.

Methods
Study design and participants

The original phase 2 study design and procedures have
been fully described previously, together with the primary
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and key secondary endpoints through treatment week 48
[3]. Briefly, the study recruited adults (18-55 years) with
RRMS [4] who had at least two relapses within 3 years
of screening (one or more within 1 year), had a baseline
Expanded Disability Status Scale (EDSS) score [5] of
1-6, and had evidence of recent MS activity defined as
at least six T2 lesions on a MRI scan done in the year
prior to screening or two relapses within the year prior
to screening. Participants were recruited at 79 centers in
20 countries from North America, Latin America, East-
central Europe, and Western Europe, and randomized to
four treatment groups via an interactive voice recognition
service, stratified by geographic region.

The study consisted of four periods: a 96-week PTP, a
TFP consisting of a preplanned assessed TFP of at least
48 weeks for all patients and followed for most patients by a
variable period where patients were not assessed (unassessed
TFP). Patients who had completed the assessed TFP were
offered subsequent entry into the OLE (see Supplemental
Material for additional details of study periods). The dura-
tion of the assessed TFP varied because patients were fol-
lowed at 12-week intervals until B cells were repleted. Both
the repletion-dependent variable duration of the assessed
TFP and the late addition of the OLE to the protocol resulted
in variation of the duration of the unassessed TFP. A study
flow diagram, schematic of the study design, and duration
of the study TFP for each patient who entered the OLE to
receive ocrelizumab 600 mg every 24 weeks are shown in
Fig. 1 and Supplementary Figs. 1 and 2, respectively.

Randomization and masking

Details of randomization and masking in the PTP have been
reported previously [3].

Objectives

The objective of these exploratory analyses was to report
long-term safety and efficacy of ocrelizumab treatment
in RRMS (see Supplemental Material for the details of
procedures).

Outcomes

The previously reported [3] primary study endpoint was the
total number of Gd-enhancing T1 lesions observed on brain
MRI scans from week 12 to week 24 (cycle 1) for those
receiving ocrelizumab vs placebo.

Secondary and exploratory MRI-derived endpoints
included the total number of Gd-enhancing T1 lesions for
all data points in cycle 1; total number of new Gd-enhanc-
ing T1 lesions; the number of new or enlarging T2 lesions
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Fig.1 Patient disposition. Treatment assignments refer to cycle 1
dosing only. All patients received ocrelizumab in treatment cycles
2-4. Patients discontinuing the PTP were asked to enter the assessed
TFP. AE adverse event, assessed TFP assessed treatment-free period,
LTFU lost to follow-up, OLE open-label extension, PTP primary

compared with the previous MRI time point; and brain
parenchymal fraction (BPF) [6].

Brain volume and its change were assessed as an explora-
tory MRI endpoint at weeks 0, 12, and 96 of the PTP in
those randomized to receive ocrelizumab in cycle 1, and at
OLE baseline and OLE week 96 in all OLE participants.

Clinical outcomes collected during PTP, assessed TFP,
and OLE included the annualized protocol-defined relapse
rate (ARR) and confirmed disability progression (CDP) on
the EDSS [5, 7].

Safety evaluations included regular neurologic and
physical examinations, vital signs, electrocardiographs,

| Open-label extension (OLE)
All ocrelizumab 600 mg every 24 weeks

treatment period, wk week. ‘Under study statistical coding rules,
one patient who died on study day 92 from systemic inflammatory
response syndrome was classified as having withdrawn from the PTP
for an AE from which the patient subsequently died in the assessed
TFP

and the occurrence of AEs. AEs were classified accord-
ing to the Medical Dictionary for Regulatory Activities
(MedDRA v22.1) and graded per Common Terminology
Criteria version 3.0 and were reported as rates per 100
patient years (PY) to account for differing durations of
exposure to ocrelizumab. Categories of interest for AEs
included fatal cases, infections, infusion-related reactions,
and malignancies.

Laboratory assessments including CD19+ B-cell and
T-cell counts, and immunoglobulin concentrations (IgA,
IgG, IgM) were performed. CD3+, CD3+ CD4+, and CD3
CD8+ T cells were also measured. Mature naive B cells
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could not be reported due to a technical issue with the flow
cytometry panel.

Statistical procedures

The primary analysis and rationale for the number of par-
ticipants enrolled have been published previously [3]. The
data cutoff for analyses of the ongoing OLE was January 3,
2020. The presented analyses are post hoc, descriptive, and
were not powered to detect statistically significant differ-
ences in safety or efficacy outcomes among different treat-
ment groups.

Safety and efficacy data are presented by randomization
group for the PTP and assessed TFP, and for all participants
in the OLE irrespective of initial study randomization.

To account for differing exposure lengths, overall AEs,
serious AEs (SAEs), overall infections, and serious infec-
tions are reported as rates per 100 PY. Rare serious events
(death, malignancy) are listed separately. Infusion-related
reactions are reported overall and by individual infusion in
the PTP and the OLE.

The ARR was assessed by Poisson regression, adjusted
for geographic region and offsetting for exposure time in
years. ARR data were assessed overall and by treatment
cycle in the 96-week PTP, and overall, for the OLE up to
data cutoff. Time to CDP of at least 24 weeks (24WCDP)
and to B-cell repletion were assessed by Kaplan—Meier
analysis. Treatment differences were assessed by log-rank
test stratified by region.

Results

Patients were randomized between July 17, 2008, and April
1, 2009. Of 273 participants screened, 220 were randomized
and 218 were treated, of whom 183 (84%) completed all four
cycles (96 weeks) in the PTP. Including participants who had
discontinued treatment early, 196 (90%) entered the assessed
TFP—of whom 131 (60% of the 220 originally randomized)
completed this period. Of these, 103 (47% of the 220 origi-
nally randomized) subsequently entered the OLE. At time of
data cutoff, 86 (83%) of the 103 OLE participants (39% of
those originally randomized) remained on treatment. Dispo-
sition through the three periods is shown in Fig. 1.

Baseline characteristics at the start of the PTP were simi-
lar between randomization groups, and, with the exception
of disease duration at OLE entry, OLE baseline character-
istics for the 103 participants were similar to the all-patient
characteristics at study baseline (Supplementary Table 1).
Similarly, study baseline characteristics for those who did or
did not enter the OLE were broadly similar (Supplementary
Table 1).
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The median overall duration of the TFP was 92.6 weeks
(interquartile range [IQR] 60.8—131.0). The median dura-
tion of the assessed TFP was 61.0 weeks (IQR 49.9-88.6).
This aggregate duration was comparable between those
who did and those who did not subsequently enter the OLE
(median [IQR] 61.7 [51.1-95.7] vs 60.0 [49.0-87.1]) weeks,
respectively. For the 103 participants in the OLE, the median
length of the unassessed TFP following completion of the
assessed TFP was 35.9 weeks (IQR 20.9-65.6 weeks).

For each of the 103 OLE participants, individual treat-
ment-free durations (assessed TFP plus unassessed TFP)
from the end of PTP to the start of the OLE are shown in
Supplementary Fig. 2.

The median duration of OLE treatment at time of data cut-
off was 6.5 years (338 weeks); IQR was 316.0-361.7 weeks.
Most OLE participants (89/103; 86%) had reached at least
week 240 (4.6 years).

Exposure-adjusted AE rates, SAE rates, and the most
common AEs are shown in Table 1. Exposure-adjusted
rates of overall AEs, SAEs, and infections (including seri-
ous infections) were broadly comparable across the four
randomized groups in the PTP. Overall AEs and infections
were slightly lower numerically in the IFN f-1a randomized
group; however, the rate of SAEs was numerically higher
in the IFN B-1a arm. Overall, AE rates were lower in the
assessed TFP than in the PTP. The adjusted rate of serious
infections was low in participants receiving ocrelizumab
in the PTP and remained low in the OLE, while exposure-
adjusted rates of overall AEs and infections were numeri-
cally lower in the OLE than among participants receiving
ocrelizumab during the PTP.

The most common AEs across all study periods were
infusion-related reactions, infections, headache, and back
pain. Other than the absence of infusion-related reactions
in the assessed TFP, there was no change in the type of AEs
seen across the three study periods. Infusion-related reac-
tions occurred for the first infusion of ocrelizumab received
in the PTP or in the OLE following an extended period off-
treatment and were rarely observed after the fourth infusion
(Supplementary Fig. 3). A higher rate of infections and seri-
ous infections was observed in the OLE compared with the
TFP. There were no cases of progressive multifocal leukoen-
cephalopathy (PML) in any study period. Details on malig-
nancies and deaths are reported in Supplemental Material.

Overall blood CD19 cell counts and CD19+ CD38lo
CD27+ memory B cells declined rapidly following ocreli-
zumab treatment in the PTP; both increased during the TFP
again (Fig. 2). At OLE baseline, median (range) number of
overall CD19+ and CD19+ CD38lo CD27+ memory B cells
was 204.0 cells/uL (6.0-646.0) and 5.0 cells/uL (1.0-35.0),
respectively. Post-baseline medians for both overall CD19
and CD19+ CD38lo CD27+ memory B cells in the OLE
remained mostly below detection (data not shown), and
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Ocrelizumab
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-1a

n=51 45 47 41 37 43 33 32 24 13 " 7

n=47 47 49 44 39 40 25 38 18 " 8 10

n=48 49 47 43 40 35 26 27 18 6 9 5

Fig.2 Median overall CD19 cell and CD19+ CD38lo CD27+ mem-
ory B-cell counts during the primary treatment and assessed treat-
ment-free periods, by initial randomization group. From week 24
to week 96 of the PTP, all patients were on ocrelizumab. Almost all

plasmablast/plasma cell medians were reduced or undetect-
able at all time points in all three periods (data not shown).
For a repletion threshold of 80 CD19+ cells/uL, a trend
was observed toward a longer time to repletion in the
assessed TFP for participants randomized to receive ocreli-
zumab compared with the comparator groups who received
ocrelizumab from cycle 2; however, the number of patients
was small, and this trend was not evident for a repletion
threshold of 40 cells/uL (Supplementary Fig. 4). Median
(95% confidence interval [CI]) number of weeks to reple-
tion with a threshold of 80 cells/uL was 74.0 (60.3-90.0) in
the ocrelizumab 2000 mg randomization group (n=55) and
71.9 (59.1-85.4) in the ocrelizumab 600 mg randomization
group (n=>51), vs 62.0 (5§9.7-73.0) for the placebo randomi-
zation group (n=351) and 59.0 (49.7-70.0) for the IFN p-1a
randomization group (n=49). For the 40 cells/uL threshold,
these values were 50.6 (48.3—60.0) and 53.0 (48.0-59.7), vs
49.0 (48.0-50.1) and 49.9 (45.6-59.1), respectively.
Overall CD3+ T cells, CD3+ CD4+ T cells, and CD3+
CD8+ T cells remained stable during the PTP, assessed TFP,
and OLE, with no apparent effect of initial randomization or
subsequent ocrelizumab dose (Supplementary Fig. 5).
Total Ig levels declined during the PTP, driven primarily
by reductions in IgG, and remained relatively stable during
the assessed TFP (Fig. 3). Furthermore, steady and ongoing
declines in all Ig fractions were observed across the OLE
(Supplementary Fig. 6), consistent with 6-year OLE data
from the phase 3 studies of ocrelizumab [8].
The mean number of observed Gd-enhancing T1 lesions
during the first treatment cycle fell by 98-99% between base-
line and week 24 among participants receiving ocrelizumab,
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compared with little or no reduction among those receiving
placebo or IFN f-1a (Table 2). Among those randomized
to ocrelizumab in the first cycle, mean Gd-enhancing T1
lesions continued to decline to O by end of PTP at week
96, and this decline was mostly maintained throughout
the subsequent assessed TFP and on into the OLE. Only
three of 141 participants (2%) from all four randomization
groups with at least one post-ocrelizumab—treatment MRI
assessment displayed Gd-enhancing T1 lesions during the
assessed TFP: two had one lesion each (placebo/ocrelizumab
600 mg), and one had 11 lesions (ocrelizumab 2000 mg).
There were three participants with Gd-enhancing lesions at
OLE baseline. No Gd-enhancing T1 lesions were noted in
any participant at OLE week 96 (Table 2). For the number of
new or enlarging T2 lesions, similar results for both the PTP
and OLE were observed, with mean values of O at the end of
the first cycle for both ocrelizumab randomization groups,
vs 1.4 and 2.1 in the placebo and IFN B-1a randomization
groups, respectively (Table 2). Of the 141 participants with
at least one post-ocrelizumab—treatment MRI assessment, 23
(16.3%) had new or enlarging T2 lesions recorded during the
assessed TFP or at the OLE baseline assessment, with the
first observed 24 weeks after the last dose of ocrelizumab
(Fig. 4). New or enlarging T2 lesions off-treatment were
observed more often in the placebo and IFN B-1a randomi-
zation groups than in those who received ocrelizumab in
cycle 1: 38% (11/29) of the placebo randomization group
and 32% (7/22) of the IFN p-1a randomization group with
off-treatment assessments had new or enlarging lesions, vs
9% (4/45) of the ocrelizumab 2000 mg randomization group
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Fig.3 Mean (SD) changes from baseline in immunoglobulin (Ig) fractions in the primary treatment and post-treatment follow-up periods, by ini-
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and 2% (1/45) of the ocrelizumab 600 mg randomization
group.

Very few patients were still fully B-cell depleted at the
time that MRI activity re-emerged, but there was no observ-
able association between re-emergence of MRI activity and
B-cell repletion level at thresholds of 5, 10, 40, or 80 cells/

uL.

Mean brain volumes in patients receiving ocrelizumab
are shown as BPF in Supplementary Table 2. Annualized
loss in brain volume from baseline to treatment week 96 was
approximately 0.4-0.8% in both periods (PTP and assessed
TFP), with large standard deviations of approximately
0.7-0.9% around each point estimate.
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Table 2 Brain MRI endpoints: number of gadolinium-enhancing T1 lesions and number of new and/or enlarging T2 lesions by visit and initial
randomization group

Total Gd-enhancing T1 lesions

New/enlarging T2 lesions

Ocrelizumab ~ Ocrelizumab  Placebo Interferon Ocrelizumab  Ocrelizumab  Placebo Interferon
2000 mg 600 mg n=>54 B-la 2000 mg 600 mg n=54 B-la
n=>55 n=>55 n=>54 n=>55 n=>55 n=>54
Wk 0 2.23 (6.33) 3.92 (9.88) 1.64 (4.05) 2.28 (5.26) - - - -
[53] [51] [47] [50]
Wk 4 1.52 (4.81) 1.44 (3.41) 1.12 (1.92) 1.60 (3.13) 1.02 (3.28) 0.69 (1.89) 0.98 (1.56) 0.96 (2.13)
[46] [48] [50] [47] [46] [48] [50] [47]
Wk 8 0.22 (0.66) 0.56 (1.05) 1.96 (3.98) 1.73 (3.62) 0.07 (0.25) 0.17 (0.48) 1.47 (3.27) 1.25 (2.77)
[46] [48] [49] [48] [46] [48] [49] [48]
Wk 12 0.05 (0.21) 0.26 (0.68) 1.31 (3.20) 1.76 (4.01) 0.00 (0.00) 0.02 (0.15) 1.02 (2.37) 1.22 (2.87)
[44] [46] [42] [45] [44] [46] [42] [45]
Wk 16 0.02 (0.15) 0.16 (0.43) 0.83 (2.28) 1.65 (3.50) 0.00 (0.00) 0.02 (0.15) 0.83 (1.63) 1.23 (2.75)
[45] [43] [41] [48] [45] [43] [41] [48]
Wk 20 0.05 (0.22) 0.13 (0.41) 1.56 (4.10) 0.83 (2.11) 0.00 (0.00) 0.03 (0.16) 1.14 (3.08) 0.59 (1.82)
[40] [39] [43] [41] [40] [39] [43] [41]
Wk 24 0.05 (0.30) 0.04 (0.21) 1.36 (4.03) 2.48 (6.06) 0.00 (0.00) 0.00 (0.00) 1.43 (3.54) 2.07 (5.62)
[44] [46] [47] [44] [44] [46] [47] [44]
Wk 96 0.00 (0.00) 0.00 (0.00) ND ND 0.07 (0.34) 0.00 (0.00) ND ND
[43] [44] [43] [44]
Wk 144 0.32 (1.89) 0.00 (0.00) ND ND 1.03 (5.50) 0.00 (0.00) ND ND
(assessed [34] [36] [34] [36]
TFP Wk 48)
OLE Wk 0* 0.13 (1.12) [98] 0.80 (3.48) [98]
OLE Wk 96 0.00 (0.00) [91] 0.38 (1.61) [91]

Data are mean (SD) [n]

Gd gadolinium, ND not determined, OLE open-label extension (600 mg ocrelizumab every 24 weeks), TFP assessed treatment-free period, Wk

week

*Last evaluable off-treatment MRI before entering the OLE. Comprises week 144 data (n=45) or OLE screening data (n=>53) where week 144

data were not available

ARR by treatment cycle (Supplementary Fig. 7) was sig-
nificantly reduced during the first cycle for those receiving
ocrelizumab compared with placebo [3]. Mean ARR was
numerically higher during the first two treatment cycles
among those in the ocrelizumab 2000 mg randomization
group compared with the ocrelizumab 600 mg randomi-
zation group, but broadly comparable to the ocrelizumab
600 mg randomization group in cycles 3 and 4, when
the ocrelizumab 2000 mg randomization group received
1000 mg and 600 mg, respectively. The ARR declined by
approximately 65% in both the placebo and IFN f-1a ran-
domization groups in cycle 2, following the first treatment
with ocrelizumab 600 mg, to become similar in cycle 3
and numerically lower in cycle 4 to the rates seen among
those randomized to ocrelizumab 600 mg. The ARR did not
increase in any randomization group during the assessed
TFP. The ARR in the TFP appeared numerically higher in
the ocrelizumab 2000 mg randomization group than among
those who received ocrelizumab 600 mg for three or four
cycles. The ARR remained low in the OLE, comparable to,
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or lower than, the rates seen in the PTP and TFPs in the
ocrelizumab 600 mg group.

At week 96 in the PTP, 8.11% (2.72-13.51) of patients
who started ocrelizumab in cycle 1 had 24WCDP, com-
pared with 11.81% (5.53-18.10) of patients who received
placebo or IFN B-1a in cycle 1; hazard ratio of 0.65
[0.32-1.30]; p=0.2181, Fig. 5a. Among all participants
entering the assessed TFP, the proportion of patients
with 24WCDP at assessed TFP week 96 was 11.82%
(4.66—18.98).

There was a trend toward shorter time to 24WCDP in
the pooled comparator groups when assessed from the
start of cycle 1 (hazard ratio 0.65 [0.32-1.30]; p=0.2181,
Fig. 5a). When assessing time to 24WCDP in the PTP and
assessed TFP, from first ocrelizumab dose instead of the
first cycle after randomization, it was found to be similar
between pooled groups of those randomized to ocrelizumab
or comparator (hazard ratio of ocrelizumab vs compara-
tor, 0.92 [0.42-2.02]; p=0.8332; Fig. 5b). In the OLE, the
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Fig.4 Cumulative number of new or enlarging T2 lesions by treat-
ment after last ocrelizumab infusion up to and including the OLE
baseline. Patients included had a 24-week MRI assessment and
received at least three cycles of ocrelizumab during PTP. Participants
randomized at baseline to receive ocrelizumab 2000 mg or 600 mg
had scans at week 96 (i.e. 24 weeks after the last ocrelizumab treat-
ment) and at week 144; other patients received an MRI at base-
line OLE, which was compared with the 24-week MRI. Dots show
all assessments performed; lines connect patients with more than
one MRI assessment. One patient (randomized to the ocrelizumab
2000 mg group) had 32 new or enlarging T2 lesions and 11 T1 Gd-
enhancing lesions 71 weeks after the last ocrelizumab infusion. This
patient had three relapses during the assessed TFP (a clinical relapse
at 67 weeks, and two protocol-defined relapses at 94 and 126 weeks,
respectively, after the last ocrelizumab infusion). One patient (ran-
domized to the ocrelizumab 600 mg group) had one new or enlarg-
ing T2 lesion and one T1 Gd-enhancing lesion at 78 weeks since last
ocrelizumab infusion. One patient (randomized to the placebo group)
had two new or enlarging T2 lesions and one T1 Gd-enhancing lesion
at week 171 since last ocrelizumab infusion. Assessed TFP assessed
treatment-free period, Gd gadolinium, OLE open-label extension

proportion of patients with 24WCDP at week 96 was 7.02%
(2.00-12.03); the time to 24WCDP is shown in Fig. 5c.

The distribution of aggregated EDSS values among all
participants was also broadly similar across visits for the
PTP, assessed TFP, and the OLE, with the caveat of attrition
bias with low participant numbers for later visits (Supple-
mentary Fig. 8). Similarly, categoric changes in EDSS from
study baseline (stable, decreased, or increased) using CDP
criteria (¢ 1 EDSS point for baseline EDSS < 5.5, and + 0.5
points for baseline EDSS > 5.5) remained essentially stable
across the PTP and assessed TFP. There appeared to be a
trend toward higher proportions of increased scores at later
visits in the OLE relative to OLE baseline (Fig. 6), though
again with the caveat of attrition bias.

Discussion

With a maximum treatment and study duration of ~9
and ~ 11 years, respectively, this report represents the long-
est available follow-up of ocrelizumab-treated patients with
RRMS.

The long-term safety profile of ocrelizumab observed in
the OLE of this phase 2 trial was in line with the favorable
safety profile observed in the core part and prolonged treat-
ment period of the trial, as well as those reported in the piv-
otal trials in RMS and PPMS [1, 2]; no new safety signals
emerged. This study also established the median 71.9-week
B-cell repletion timeframe with a threshold of 80 cells/uL.
MRI activity, ARR, and CDP remained low over all study
periods. Over longer periods of treatment interruption, there
was no indication of rebound activity, and only a few par-
ticipants had signs of disease reactivation. This supports an
important advantage over other approved MS drugs, espe-
cially those that interfere with immune cell trafficking [9,
10]. The most common AEs reported in this phase 2 study
were infusion-related reactions. The highest incidence of
infusion-related reactions in both the PTP and OLE was
observed with the first ocrelizumab infusion and declined
over time, consistent with the observation in the phase 3
studies and their long-term extensions [11]. Over the overall
observation period, we neither observed an increase in the
incidence of any AEs nor any new emergent safety signals,
including no cases of PML. Two cases of malignancies, one
of which was present prestudy, were observed. This is in
line with analyses of malignancy and female breast cancer
rates in the overall clinical trial program for ocrelizumab
and post-marketing data that do not suggest an increased
or time-dependent exposure risk compared with matched
reference MS populations or general populations [12, 13].

The higher rate of AEs and SAEs in the OLE compared
with the TFP is not surprising, given the fact that patients
did not receive treatment during the TFP. Certain types of
AE, such as infusion-related reactions, cannot, by defini-
tion, occur in the TFP. The lower rate of AEs, SAEs, and
serious infections observed in both the assessed TFP and
OLE compared with the PTP may be due to lower assess-
ment frequencies, underreporting, and OLE selection bias
for participants with a favorable PTP response. Therefore,
no definite conclusions on the relative frequency of AEs in
the different periods can be drawn.

Laboratory data were as expected based on the phar-
macologic mechanism of ocrelizumab, including deple-
tion of total B cells and B-cell subsets. Slow declines in
Ig concentrations across the OLE (observed yearly rates
approximately — 2.4% over 7 years for IgG) were consistent
with those reported in the long-term follow-up of the pivotal
studies, where a reduction at a mean rate of 3 to 4%/year
for serum IgG was observed [8]. Clinical trial data have
shown a variable association between decreased levels of
IgG and serious infections [14]; however, for most patients
in this phase 2 study, Ig levels remained above the lower
limit of normal, and overall T-cell populations remained
stable throughout the study.
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Fig.5 Time to onset of 24-week
confirmed disability progression
(a) the treatment and assessed
TFP by randomization to
ocrelizumab (600 or 2000 mg)
or comparator (IFN f-1a or
placebo) until end of assessed
TFP. Last ocrelizumab treat-
ment for all patients at week

72; (b) rebaselined to when
patients started ocrelizumab

(at randomization or at week
24); (c) from start of open-label
extension (all patients on ocre-
lizumab). 24WCDP confirmed
disability progression of at

least 24 weeks, assessed TFP
assessed treatment-free period,
IFN interferon, PTP primary
treatment period
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Fig.6 Categoric changes in EDSS for all patients by study visit in the
PTP, assessed TFP, and OLE periods (rebaselined at start of OLE).
PTP and assessed TFP data are relative to study week 0. Partici-
pants in the OLE were rebaselined at OLE week 0, with the baseline
defined as the last evaluable EDSS assessment before the first OLE
infusion. OLE assessments were performed 2 weeks before dosing
visits. Changes were classified using CDP criteria of+ >1 EDSS

As previously reported [15], patients randomized to
ocrelizumab from the start of the study showed a rapid sup-
pression of new MRI activity within 4-8 weeks, which was
maintained over the entire PTP. During the assessed TFP,
return of MRI activity was observed in only a few patients,
the earliest seen 24 weeks after the last ocrelizumab dose.
As previously observed, B-cell repletion was associated
with persistent reductions in the proportion of circulating
memory B cells and plasmablasts/plasma cells compared
with pre-ocrelizumab treatment levels, which might account
for the long-lasting reductions in disease activity observed
during the assessed TFP.

After re-initiation of ocrelizumab treatment in OLE,
MRI activity was effectively controlled again. ARR was
also rapidly suppressed among those randomized to ocre-
lizumab from study start [3], and was similarly suppressed
in the comparator groups after switching to ocrelizumab.
In the PTP, the ARR was numerically higher in the ocreli-
zumab 2000 mg randomization group and remained higher
during the assessed TFP. This was driven by a few patients
with a 2-3 X higher relapse rate, also associated with more
MRI activity. During OLE, where all patients received
600 mg ocrelizumab, some patients randomized to the
2000 mg group also experienced a higher relapse rate, of

12 24 36 48 60
190 187 117 102 62
Assessed TFP OLE

0 22 46 70 94 118142166190214 238262286310

99 101 100 98 96 97 94 94 90 89 89 88 82 73

point for an EDSS <5.5, and+ 0.5 points for EDSS >5.5. Only vis-
its with data for>50 subjects are shown for the assessed TFP and
OLE. Assessed TFP assessed treatment-free period, CDP confirmed
disability progression, EDSS Expanded Disability Status Scale, OLE
open-label extension, PTP primary treatment period, 7FP treatment-
free period

note, not the same participants as those with higher ARR
in the TFP. Comparison of baseline characteristics across
all randomized groups did not reveal differences that would
explain why this occurred. The overall relapse rate was very
low in the assessed TFP and OLE, but the interpretation of
these rates is limited, at least in part, by the same biases as
discussed for the AEs (lower assessment frequencies with
possible underreporting and selection of patients reacting
favorably to ocrelizumab).

Overall CDP rates remained low across all study periods.
After 36 weeks of the assessed TFP, a weak trend toward
increase in absolute EDSS scores was noted. This stability
may represent a residual ocrelizumab treatment effect dur-
ing the period of B-cell repletion, further being supported
by the observed trend toward earlier repletion of B cells
in patients initially randomized to placebo/IFN p-1a, as the
Kaplan—-Meier analysis of 24WCDP by initial randomiza-
tion group also indicates a trend toward a better outcome
that persisted through the assessed TFP for those receiving
ocrelizumab in cycle 1. Aggregated absolute EDSS scores
remained broadly stable across the PTP, and although
increasing EDSS scores might be expected during a treat-
ment interruption, mean and median scores also remained
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broadly stable for the initial 36 weeks of the assessed TFP
before a trend toward increase was noted (Fig. 6).

This study provides long-term data that further support
the safety and early and sustained efficacy of ocrelizumab
treatment, but comes with some important limitations. A
phase 2 study has limited statistical power, and all analy-
ses reported are exploratory. Only the first 24 weeks were
strictly randomized and controlled. The heterogeneity of the
OLE population, and the dosing complexity during the four
PTP cycles together with the variable duration and different
observation schedules of the assessed TFP and unassessed
TFP complicate interpretation and comparison across the
four treatment and untreated observation periods. Even with
these inherent limitations, it is reassuring that no clinical
disease reactivation was observed during the TFP, and only
a few patients showed return of MRI activity on brain scans,
with the earliest detected at week 24 after the last dose.

Given the relation to the overall observation period of
more than 10 years, the failure to show a significant effect
of ocrelizumab treatment delay by 6 months on disability
outcomes is not surprising. In the OPERA and ORATO-
RIO studies, a delay of ocrelizumab treatment by >?2 years
resulted in significantly worse long-term outcomes [1, 2].
This, together with the overall manageable AE profile seen
in this study with a median cumulative ocrelizumab expo-
sure of 1.8 years in the PTP and 6.5 years in the OLE period,
further encourages the exploration of the benefits of early
and continuous treatment.

With an overall median duration of the TFP of
92.6 weeks (IQR 60.8-131.0), this study also provided
an opportunity to assess the effects of treatment interrup-
tion. The observed stability, even over prolonged periods
without treatment, is reassuring from a safety perspec-
tive and might also inform the debate about the timing
of SARS-CoV-2 vaccination, since there is evidence that
humoral responses to vaccination improve with increasing
interval between the last dose of B-cell-depleting therapy
and vaccination [16, 17]. This study does not answer the
question of whether the currently approved dosing regimen
with ocrelizumab could be changed. Because of the inho-
mogeneous population, the attrition over 10 years, the low
and variable frequency of assessments, and the relative
low case numbers, the power of this study for detection of
more subtle signs of disease reactivation or progression
of disability was low. Findings from the pivotal studies,
where higher exposure was associated with a decreased
risk for future CDP [18], underline that our data should be
interpreted with caution in the discussion about possible
advantages and disadvantages of treatment interruption or
less frequent dosing. Even if no apparent reactivation was
observed for relapses, there may still be a higher risk of
disease progression with lower ocrelizumab exposure. Fur-
ther studies are needed to better define the optimal interval
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and dosing of ocrelizumab in the long-term trajectory of
MS. Two currently ongoing randomized controlled trials
are testing the value of a higher dose of ocrelizumab in
RMS (NCT04544436) and PPMS (NCT04548999).

Overall, in this longest follow-up of ocrelizumab-
treated patients with RRMS, no new safety signals, includ-
ing no evidence of rebound following treatment interrup-
tion, were observed, supporting the positive benefit—risk
balance of long-term ocrelizumab.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00415-023-11943-4.
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