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Abstract

Ocrelizumab (Ocrevus®) is an intravenously administered, humanized anti-CD20 monoclonal antibody approved for the
treatment of adults with relapsing forms of multiple sclerosis (RMS) or primary progressive multiple sclerosis (PPMS).
The efficacy of ocrelizumab in reducing relapse rates and disease activity in patients with RMS was demonstrated in piv-
otal trials (versus interferon p-1a) and supporting single-arm studies in specific subpopulations. In patients with PPMS,
ocrelizumab reduced measures of clinical and MRI progression relative to placebo. Clinical benefits were maintained
over > 7.5 study years of treatment. Ocrelizumab was generally well tolerated and no new safety signals have emerged
with long-term use. Extensive (albeit short-term) real-world data pertaining to ocrelizumab is consistent with that from
clinical trials. Ocrelizumab provides the convenience of short, half-yearly infusions. Ocrelizumab continues to represent a
generally well-tolerated, high-efficacy disease-modifying therapy (DMT) for RMS and is a valuable treatment for delaying
disease progression in patients with PPMS (for whom there are currently no other approved DMTs).

Plain Language Summary

Multiple sclerosis (MS) is a chronic, immune-mediated, neurodegenerative disease of the CNS. In most patients, it starts
as relapsing-remitting MS (RRMS), which involves exacerbations of neurological symptoms (i.e. relapses) followed
by periods of remission. In the less common primary progressive MS (PPMS), disability accrues steadily from disease
onset. It is now understood that B cells play key roles in MS pathophysiology. Ocrelizumab (Ocrevus®), a monoclonal
antibody that selectively depletes CD20+ B cells, is approved for treating adults with RMS and PPMS in various coun-
tries worldwide. Ocrelizumab reduces relapse rates and indicators of disease activity in patients with RMS, and delays
the worsening of disability in patients with RMS and PPMS. Of convenience to patients, ocrelizumab is intravenously
administered every six months and can be infused rapidly (over = 2 hours) without its safety being substantially altered.
Ocrelizumab is a generally well-tolerated and highly effective treatment option for RMS and constitutes the first approved
pharmacotherapy for PPMS.
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1 Introduction

Multiple sclerosis (MS), an immune-mediated neurodegen-
erative disease of the CNS, is characterized by inflamma-
tory lesions, demyelinating plaques and, as the disease pro-
gresses, irreversible axonal damage [1]. The most prevalent
phenotype at diagnosis is relapsing-remitting MS (RRMS;
representing ~ 85% of cases of MS), in which patients
experience recurrent relapses and remissions of neurologi-
cal symptoms [2]. Over time, RRMS transitions to a more
steadily progressive disease [i.e. secondary progressive MS
(SPMS)] in most untreated patients. Primary progressive MS
(PPMS) is less common (representing =~ 10 to 20% of cases)
and is characterized by a steady worsening of symptoms
from disease onset, with no phases of remission [2].

Treatment of MS aims to reduce relapses and delay
disease progression [3]. Long-term management utilizes
disease-modifying therapies (DMTs), which typically
exert therapeutic benefits through suppressing or modulat-
ing immune function and inflammatory responses [3, 4].
Potent DMTs include B cell-depleting monoclonal antibod-
ies (mAbs) targeting the CD20 surface antigen, the clinical
success of which has challenged the classical view of MS as
a T cell-mediated disease and led to a new appreciation of
the central roles of B cells in MS pathophysiology [4, 5]. In
recent years, there has been a focus on the development of
humanized or fully human B cell-depleting anti-CD20 mAbs
for the treatment of MS [6]. These may offer reduced immu-
nogenicity and greater potency relative to off-label chimeric
anti-CD20 mAb pharmacotherapy [6].

Ocrelizumab (Ocrevus®) is an intravenously adminis-
tered, recombinant humanized anti-CD20 mAb approved
for the treatment of relapsing forms of MS and PPMS in
various countries worldwide (Sect. 4) [7, 8]. The use of ocre-
lizumab in these indications has been reviewed previously
(in CNS Drugs [9]). The current article provides an updated
review of the therapeutic efficacy and safety/tolerability of
ocrelizumab in MS. An overview of the pharmacological
properties of ocrelizumab is also provided (Table 1).

2 Therapeutic Efficacy of Ocrelizumab

The efficacy of ocrelizumab in the treatment of patients with
relapsing MS (RMS) was evaluated in two pivotal, rand-
omized, double-blind, double-dummy, active-controlled,
multinational phase III trials (OPERA I and OPERA 1I) with
identical protocols (Sect. 2.1.1) [10]. OPERA results are
supported by interim data from an open-label, single-arm,
multicentre, phase IV study in patients with active RMS
(PRO-MSACTIVE,; Sect. 2.1.2) [11], in addition to interim
data from ongoing phase IIIb or IV trials in patients with
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treatment-naive, early stage RRMS (ENSEMBLE [12]) and
RMS previously treated with natalizumab (ENCORE [13]).
The specific efficacy of ocrelizumab in patients with RRMS
and a suboptimal response to prior DMTs has been investi-
gated in two open-label, single-arm, multicentre phase IIIb
studies (CHORDS in North America [14] and CASTING
in the EU [15]; Sect. 2.1.3). The efficacy of ocrelizumab
in the treatment of patients with PPMS was evaluated in
the pivotal, randomized, double-blind, placebo-controlled,
multinational, phase III ORATORIO trial (Sect. 2.2) [16].
Data on the real-world effectiveness of ocrelizumab are also
available (Sect. 2.3).

2.1 In Relapsing Multiple Sclerosis
2.1.1 Pivotal Trials

OPERA I and II enrolled adults aged 18-55 years with RMS
(based on the 2010 revised McDonald criteria), an Expanded
Disability Status Scale (EDSS) score of 0-5.5 at screening
(scale ranges from 0 to 10, with higher scores indicating
greater disability), a history of documented clinical relapses
(at least two in the previous 2 years or one in the year before
screening), abnormalities consistent with MS in magnetic
resonance imaging (MRI) of the brain, and no neurological
worsening for > 30 days before screening and baseline [10].
Patients received ocrelizumab 600 mg (every 24 weeks;
administered as two 300 mg infusions on days 1 and 15 for
the initial dose and as single 600 mg infusions thereafter)
or subcutaneous interferon f-1a 44 pg (administered three
times each week) for 96 weeks. At baseline, the mean time
since MS diagnosis was = 4 years in each trial. The majority
of patients (=~ 75% overall) had not received any DMT in the
2 years prior to screening [10].

In both OPERA I and II, ocrelizumab significantly
(p < 0.001) reduced the annualized relapse rate (ARR)
relative to interferon p-1a at week 96 (Table 2; primary
endpoint) [10]. The ARR was 46% lower with ocreli-
zumab versus interferon -1a in OPERA I and 47% lower
in OPERA II (Table 2) [10]. In the pooled OPERA I and II
populations, the ARR improvement with ocrelizumab versus
interferon f-1a was observed across prespecified subgroups
based on age (< 40 vs > 40 years), sex, study region (USA
vs other), baseline body mass index (< 25 kg/m? vs > 25 kg/
m?), baseline EDSS (< 4 vs > 4) and baseline gadolinium-
enhancing T, lesions (0 vs > 1); rate ratios were 0.36-0.74
(p-values < 0.05) in all subgroups, with the exception of
patients aged > 40 years (rate ratio 0.76; p = 0.073) [17].

Various other measures of disease activity or progres-
sion were also improved with ocrelizumab versus inter-
feron B-1a. In prespecifed pooled analyses of OPERA I and
II data, ocrelizumab significantly (p < 0.02) improved the
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Table 1 Pharmacological properties of ocrelizumab

Pharmacodynamic properties

Precise mechanisms underlying therapeutic benefits of ocrelizumab in MS not fully elucidated; thought to involve immunomodulation through
ocrelizumab binding to CD20 and reducing the number and function of CD20* B cells [7, 8]

Selectively depletes CD20" B cells via antibody-dependent cellular cytotoxicity, complement-dependent cytotoxicity, antibody-dependent cel-
lular phagocytosis, and apoptosis, while sparing the capacity for B cell reconstitution, pre-existing humoral immunity and innate immunity
(8]

Reduced CD19* B cells (surrogate marker for CD20" B cell expression) in blood to negligible levels by 14 days post-infusion in pts with RMS
and PPMS (B cell depletion sustained throughout treatment in 96% of pts) [54]; median time to B cell repletion was 72 weeks (range 27-175
weeks) after stopping therapy in pts with RMS [54, 55]

Significantly (p < 0.05) reduced CSF B cells, CSF NfL and serum NfL from baseline to week 52 in pts with RMS [56] and CSF B cells in pts
with PPMS [57] in a biomarker study (OBOE); CSF T cells were non-significantly reduced in each pt cohort at this timepoint [56, 57]

Reduced markers of active gliosis relative to interferon f-1a in pts with RMS [58]

Pharmacokinetic properties

Pharmacokinetic parameters as expected for an IgG1 monoclonal antibody [8, 54] and comparable across pts with RMS and PPMS [54]
Overall exposure following a single 600 mL infusion did not differ from that following two 300 mg infusions [8, 54]

Estimated central volume of distribution 2.78 L, peripheral volume 2.68 L and inter-compartment CL 0.29 L/day in PPK model [7, 8, 54]
Primarily cleared via catabolism [7, 8]; estimated constant CL 0.17 L/day and terminal elimination half-life 26 days [7, 8, 54]

Dosage adjustments based on liver or kidney function not expected to be necessary [8]

Based on limited pharmacokinetic data, no dosage adjustment required in pts > 55 years of age [8]

Interactions with drugs and vaccines

Potential additive immunosuppressive effects should be considered when coadministering ocrelizumab with other immunosuppressive thera-
pies in the USA [7] and when initiating ocrelizumab after an immunosuppressive therapy (or vice versa) in the EU and USA [7, 8]; in the
EU, coadministering ocrelizumab with other immunosuppressive therapies (except corticosteroids) is not recommended [8]

Pts with RMS receiving ocrelizumab mounted attenuated humoral responses to non-live vaccines (tetanus toxoid-containing vaccine, 23-valent
pneumococcal polysaccharide vaccine, and seasonal influenza vaccines) and the keyhole limpet hemocyanin neoantigen in the phase IIIb
VELOCE study [7, 8, 59]; in the EU, it is recommended that ocrelizumab recipients are vaccinated with inactivated seasonal influenza vac-
cines [8]; in the USA, non-live vaccines should be administered > 2 weeks prior to initiating ocrelizumab if possible [7]

Vaccination with live or live-attenuated vaccines is not recommended during treatment with ocrelizumab or after discontinuation but prior to
B cell repletion [7, 8]; pt immunisation status should be reviewed and any immunisation (with live-attenuated or live vaccines in the USA)
should be completed > 4 weeks (USA) or > 6 weeks (EU) prior to initiating ocrelizumab [7, 8]

Due to potential for B cell depletion in infants of mothers exposed to ocrelizumab during pregnancy, live or live-attenuated vaccines should not
be administered to infants until recovery [7, 8]

CSF cerebrospinal fluid, CL clearance, eGFR estimated glomerular filtration rate, /gGJ immunoglobulin G1, IV intravenous, MS multiple sclero-
sis, NfL neurofilament light chain, PPK population pharmacokinetic, PPMS primary progressive multiple sclerosis, pt(s) patient(s), RMS relaps-

ing forms of multiple sclerosis

proportions of patients with disability progression confirmed
at 12 weeks (12-week CDP) and 24 weeks (24-week CDP)
and disability improvement confirmed at 12 weeks (12-week
CDI; Table 2) [10]. With respect to MRI endpoints, ocreli-
zumab significantly (p < 0.001) reduced mean numbers of
gadolinium-enhancing T, lesions, new or enlarged hyperin-
tense T, lesions (indicative of plaque formation), and new
hypointense T, lesions relative to interferon p-1a in both
trials (Table 2). While treatment groups did not significantly
differ with respect to change in MS Functional Composite
(MSFC) score from baseline to week 96 in OPERA I (first
non-significant p-value in hierarchical testing procedure), a
benefit of ocrelizumab over interferon p-1a was observed in
OPERA II (p = 0.004). Analyses of change in brain volume
from week 24 to week 96, change in the 36-Item Short-
Form Health Survey (SF-36) physical component summary
(PCS) score from baseline to week 96, and the proportion

of patients with no evidence of disease activity (NEDA;
defined as no relapse, no 12-week or 24-week CDP, no new
or enlarged T, lesions and no gadolinium-enhancing T,
lesions) by week 96 favoured ocrelizumab (non-confirma-
tory nominal p-values < 0.05 vs interferon f-1a in OPERA
I and/or IT) [10].

2.1.1.1 During Open-Label Extension After 2 years of
double-blind treatment in the OPERA trials, the majority
of patients (n = 702 and 623 initially randomized to ocre-
lizumab and interferon p-1a, respectively) entered an open-
label extension (OLE) during which all patients received
ocrelizumab [18]. Three years of treatment in the OLE (total
treatment duration 5 study years) was completed by 89% of
patients who received continuous ocrelizumab (i.e. in both
OPERA and OLE) and 88% of patients initially randomized
to interferon f-1a and switched to ocrelizumab in the OLE.
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Table 2 Efficacy of ocrelizumab in the management of relapsing multiple sclerosis: results of OPERA I and OPERA II[ ]

ARR at week  12-week CDP*  24-week CDP? 12-week CDI®  Mean no. of lesions per MRI scan by week 96
96 (% of pts) (% of pts) (% of pts)
Gd+onT,W NNEH onT,W NHonT,W

OPERA I°

Ocrelizumab 0.16 7.6 5.9 20.0 0.02 0.32 0.42
(n=410)

Interferon p-1a 0.29 12.2 9.5 124 0.29 1.41 0.98
(n=411)

RR/HR (95% CI) or ~ 0.54%** 0.57 0.57 61 0.06%** (.23 0.43%%%
difference (%) (0.40-0.72) (0.37-0.90) (0.34-0.95) (0.03-0.10)  (0.17-0.30) (0.33-0.56)

OPERA II*

Ocrelizumab 0.16 10.6 7.9 214 0.02 0.33 0.45
(n=417)

Interferon p-la 0.29 15.1 11.5 18.8 0.42 1.90 1.26
(n=418)

RR/HR (95% CI) or ~ 0.53%** 0.63 0.63 14 0.057%%* 0.17%%* 0.36%#*
difference (%) (0.40-0.71) (0.42-0.92) (0.40-0.98) (0.03-0.09) (0.13-0.23) (0.27-0.47)

Pooled OPERA I and 11

Ocrelizumab NA 9.1 6.9 20.7 NA NA NA
(n=2827)

Interferon p-1a NA 13.6 10.5 15.6 NA NA NA
(n=829)

HR (95% CI) or NA 0.607%** 0.60%* 33% NA NA NA
difference (%) (0.45-0.81) (0.43-0.84)

Primary endpoint (ARR) and MRI secondary endpoints were analysed in the ITT populations of individual trials; secondary endpoints of CDP
and CDI were prespecifed to be analysed in the pooled OPERA I and II ITT populations (data from individual trials displayed for completeness)

AAR annualized relapse rate, BL baseline, CDI confirmed disability improvement, CDP confirmed disability progression, EDSS Expanded Dis-
ability Status Scale, Gd+ gadolinium-enhancing, HR hazard ratio, MRI magnetic resonance imaging, NA not assessed within hierarchical testing

procedure, NH new hypointense, NNEH new or enlarged hyperintense, pts patients, RR rate ratio, T;,W T,- or T,-weighted MRI scan

*p =0.02, ** p =0.003, *** p < 0.001 vs interferon $-1a (displayed for hierarchically assessed primary and secondary endpoints only)

“Disability progression defined as a > 1.0-point increase from BL in EDSS score (or > 0.5-point increase if BL EDSS score > 5.5) sustained for

> 12 (12-week CDP) or > 24 weeks (24-week CDP) through week 96

bAssessed in pts with BL EDSS scores > 2.0; disability improvement defined as a > 1.0-point reduction from BL EDSS score (or > 0.5 point if

BL EDSS score > 5.5) sustained for > 12 weeks through week 96
“See text for dosage and regimen details

Through these years, a near complete suppression of MRI
disease activity was seen in patients receiving continuous
ocrelizumab treatment. In these patients, the unadjusted
rate of total gadolinium-enhancing T, lesions was 0.006 at
year 5 of treatment (vs 0.017 at year 2) and that of new or
newly enlarged T, lesions was 0.031 over year 5 (vs 0.063
over year 2). In patients switched from interferon f-1a to
ocrelizumab in the OLE, the respective rates were 0.004 (vs
0.491) and 0.038 (vs 2.583). While there were no between-
group differences in MRI lesion counts at year 5, patients
continuously treated with ocrelizumab had less brain atro-
phy than those switched from interferon p-1a (as measured
by adjusted rates of change in whole brain volume, cortical
grey matter volume and white matter volume from double-
blind baseline; p < 0.01 for all) [18].

The therapeutic benefits of ocrelizumab were maintained
over 7.5 study years of follow-up (5.5 years in the OLE,
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completed by 76% of patients who entered the OLE) [19].
At OLE year 5.5, the adjusted ARR was 0.03 in patients who
received ocrelizumab during both double-blind treatment
and the OLE (vs 0.12 pre-switch) and 0.03 in patients who
were switched from interferon p-1a to ocrelizumab on enter-
ing the OLE (vs 0.20 pre-switch). Rates of 48-week CDP
were 17.9% and 21.5% in the respective groups (compared
with 4.1% and 8.5% at the end of double-blind treatment),
while rates of requiring a walking aid (i.e. EDSS > 6.0) were
6.6% and 9.5% (compared with 0.8% and 3.1%). Over the
double-blind period and OLE, patients who continuously
received ocrelizumab had a 23% lower risk of 48-week CDP
(HR 0.77;95% CI 0.60-0.98; p = 0.034) and 35% lower risk
of requiring a walking aid (HR 0.65; 95% CI 0.44-0.97;
p = 0.034) than patients who switched from interferon p-1a
to ocrelizumab [19].
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2.1.2 In Active RMS

PRO-MSACTIVE enrolled patients with active RMS based
on clinical and/or imaging features [11]. Patients received
ocrelizumab 600 mg infusions every 24 weeks (initial dose
administered as two 300 mg infusions 14 days apart) for 48
weeks (n = 422 enrolled). The primary endpoint was the
percentage of patients free of disease activity (including
protocol-defined relapse since enrolment, T, gadolinium-
enhancing lesions and new or enlarging T, lesions) at week
48. Interim data from patients who have completed 48 weeks
of treatment thus far (n = 335) are available. At baseline,
most patients (91%) included in the interim analysis had a
diagnosis of RRMS [11].

Of the ocrelizumab recipients in the interim analysis,
65.1% (95% CI 59.7-70.2) were free of all disease activity
events at week 48, with 87.2% having no protocol-defined
relapse, 83.6% having no gadolinium-enhancing T lesions
and 76.1% having no new or enlarging T, lesions [11]. With-
out MRI re-baselining, there was no evidence of MRI activ-
ity in 69.0% of patients. At week 48, 16.4% of patients had
gadolinium-enhancing T lesions (vs 52.1% at baseline) and
23.9% had new or enlarging T, lesions (vs 93.9% at base-
line). The adjusted ARR was 0.133 (95% CI 0.072-0.246).
The mean EDSS score was 2.56 at week 48 (vs 2.81 at base-
line), with scores remaining stable in 66.9% of patients and
improving in 18.5% [11].

2.1.3 In Patients with Suboptimal Response to Prior DMTs

CASTING [15] and CHORDS [14] enrolled patients aged
18-55 years with a diagnosis of RRMS (based on the
2010 revised McDonald criteria), a disease duration from
first symptom of < 10 years [15] or < 12 years [14] and
a screening EDSS score of 0.0-4.0 [15] or 0.0-5.5 [14].
Eligible patients had received < 2 [15] or < 3 [14] other
DMTs prior to screening and had discontinued the most
recent adequately used DMT due to suboptimal disease con-
trol [14, 15]. In both trials, patients received ocrelizumab
600 mg (administered as two 300 mg infusions on days 1
and 15 for the initial dose and a single 600 mg infusion
thereafter) every 24 weeks for 96 weeks (n = 680 evaluated
in CASTING and 576 in CHORDS). The primary endpoint
was NEDA (with prespecified MRI re-baselining at week
8 [15]), defined as the absence of 24-week CDP, protocol-
defined relapse, gadolinium-enhancing T, lesions and new
or enlarging T, lesions, over 96 weeks [14, 15].

The proportion of ocrelizumab recipients with NEDA
over 96 weeks was 48.1% in CHORDS [14] and 74.8%
(with MRI re-baselining at week 8) in CASTING [15]. Most
patients were free from 24-week CDP (89.6% in CHORDS
and 87.5% in CASTING), protocol-defined relapses (89.6%
and 89.8%), gadolinium-enhancing T, lesions (95.5% and

97.7%) and new or enlarging T, lesions (59.5% and 91.5%)
[14, 15]. In CHORDS, there was no significant difference
between subgroups based on previous DMT use (1 vs > 1
DMT) in the proportion of patients with NEDA over 96
weeks [50.9% (163/320) vs 44.5% (114/256)] [14]. The
adjusted ARRs were 0.046 in CHORDS and 0.03 in CAST-
ING [14, 15].

Ocrelizumab was efficacious with respect to MRI meas-
ures of inflammation and disease progression, based on data
from CHORDS [14]. The proportion of patients with T,
gadolinium-enhancing lesions reduced from 3.3% at week
24 to 1.1% at week 96 and the proportion with new and/or
enlarging T, lesions reduced from 36.0 to 2.7%. The mean
change in overall T, lesion volume from baseline to week 96
was — 0.56 cm® (vs — 0.48 cm? at week 24) [14].

Following the 96-week treatment period in CASTING,
eligible patients rolled over to LIBERTO, an ongoing open-
label extension study (n = 439, as of October 2020) [20].
Patients in LIBERTO continued to receive ocrelizamab 600
mg every 24 weeks. Based on 1-year interim results, NEDA
was achieved in 82.5% (235/285) of patients from the second
year to the third year of treatment. Over the 3-year treat-
ment period from CASTING baseline to LIBERTO week 48,
59.4% (190/320) of patients had NEDA, 68.1% had freedom
from CDP or relapse and 86.6% had no MRI activity [20].

2.2 In Primary Progressive Multiple Sclerosis

ORATORIO enrolled adults aged 18-55 years with PPMS
(based on the 2005 revised McDonald criteria), an EDSS
score of 3.0-6.5 at screening, a Functional Systems Scale
pyramidal functions component score of > 2, an elevated
IgG index or at least one IgG oligoclonal band detected in
the cerebrospinal fluid (or documented history thereof) and
MS symptoms for < 15 years (in patients with an EDSS
score of > 5) or < 10 years (in patients with an EDSS score
of < 5) at screening [16]. Patients received ocrelizumab 600
mg (administered as two 300 mg infusions given 2 weeks
apart) or matching placebo every 24 weeks, with randomiza-
tion in a 2:1 ratio and stratified by geographical region and
age. Double-blind treatment continued for a minimum of
five doses (120 weeks) and until the occurrence of ~ 253
events of 12-week CDP. The primary endpoint was the per-
centage of patients with 12-week CDP. At baseline, the mean
time since diagnosis of PPMS was ~ 3 years in each treat-
ment group. Most patients (88%) had not used a DMT in the
2 years prior to trial entry [16].

Ocrelizumab was effective in delaying clinical progres-
sion in patients with PPMS, significantly reducing the pro-
portion of patients with 12-week CDP relative to placebo
(Table 3; primary endpoint) [16]. The relative risk reduction
with ocrelizumab versus placebo was 24% (HR 0.76; 95%
CI 0.59-0.98; p = 0.03) [16]. While ORATORIO was not
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powered to demonstrate between-group differences among
subgroups [16], prespecified subgroup analyses of 12-week
CDP suggested somewhat more pronounced treatment ben-
efits in patients with baseline T, gadolinium-enhancing
lesions (HR 0.65) than those without (HR 0.84) and in
younger patients (i.e. < 45 years; HR 0.64) than in older
patients (i.e. > 45 years; HR 0.88) [8]. Other exploratory
subgroup analyses indicated that ~ 36% of female patients
had 12-week CDP irrespective of treatment arm, while the
12-week CDP rates were ~ 30% and 43% in male patients
receiving ocrelizumab and placebo [7].

Other measures of clinical or MRI progression were also
improved with ocrelizumab versus placebo [16]. Ocreli-
zumab significantly reduced both the proportion of patients
with 24-week CDP (a relative risk reduction of 25%) and
the change from baseline to week 120 in timed 25-foot walk
(T25FW) performance (Table 3). In terms of MRI out-
comes, ocrelizumab significantly improved mean changes
in total volume of T, hyperintense lesions from baseline to
week 120 and in brain volume from week 24 to 120. Ocre-
lizaumab and placebo recipients did not significantly differ
with respect to change from baseline to week 120 in physi-
cal health-related quality of life, as assessed by SF-36 PCS
score (Table 3) [16].

Results of prespecified exploratory analyses gave further
support to the benefits of ocrelizumab [16]. Analyses of
12-week and 24-week composite CDP [defined as the first
confirmed occurrence of increase in EDSS score, > 20%
increase in T25FW time, or > 20% increase in 9-hole peg
test (9HPT) completion time] favoured ocrelizumab over
placebo (HRs 0.74 and 0.71; both p < 0.001), as did the
adjusted mean number of new or enlarging T, hyperintense
lesions from baseline to week 120 (0.31 vs 3.88; p < 0.001)

[16]. Ocrelizumab was protective against the progression of
upper extremity impairment, reducing the risk of 12-week
or 24-week 9HPT progression relative to placebo (HRs 0.56
and 0.55; both p < 0.001) [16, 21].

2.2.1 During Open-Label Extension

The majority (97%) of patients who completed the double-
blind treatment period (to week 144) of ORATORIO entered
the OLE phase, during which all patients received ocreli-
zumab [22]. This OLE is currently ongoing (planned com-
pletion date December 2022). Interim efficacy data are avail-
able (n = 451 ongoing and followed for > 6.5 study years,
including 3.5 study years in the OLE; one study year is equal
to 48 weeks). All analyses were post hoc [22].

The benefits of ocrelizumab for disability progression
were sustained over > 6.5 years of treatment in the interim
analysis [22]. Compared with patients who had initially
received placebo, patients continuously treated with ocre-
lizumab had lower rates of progression on most measures
of 24-week CDP, which included EDSS (progression rate
51.7% vs 64.8%; p = 0.0018), 9HPT completion time (30.6%
vs 43.1%; p = 0.0035), T25FW performance (63.2% vs
70.7%; p = 0.058) and composite progression (73.2% vs
83.3%; p = 0.0023), from the double-blind baseline to week
312. They also had a lower rate of progression to requiring a
wheelchair (EDSS > 7; 11.5% vs 18.9%; p = 0.0274); across
the full study, the overall risk of progression to requiring
a wheelchair was 42% lower with continuous ocrelizumab
therapy (HR 0.58; 95% CI 0.38-0.89; p = 0.0112) [22].
Based on extrapolations of data from ORATORIO (double-
blind period and OLE; 312 weeks total follow-up), ocreli-
zumab was predicted to delay the time to 24-week confirmed

Table 3 Efficacy of ocrelizumab in the management of primary progressive multiple sclerosis: results of ORATORIO [ ]

12-week CDP* 24-week CDP*

(% of pts) (% of pts) (% A® from BL to
week 120)

Ocrelizumab® 32.9 29.6 38.9

(n=488)
Placebo® (n =244) 39.3 35.7 55.1
HR or relative 0.76* (0.59to  0.75* (0.58to  29.3* (— 1.6 to

difference 0.98) 0.98) 51.5)

(95% CI)

T25FW performance T,W lesion volume

Brain volume SF-36 PCS score

(% AP from BL to week (% A’ from week (A from BL to

120) 24 to 120) week 120)

-3.37 -0.90 -0.7

7.43 - 1.09 -1.1

0.90** (0.88 to 17.5% (3.2 to 0.38 (= 1.05 to
0.92) 29.3) 1.80)

Primary (12-week CDP) and secondary endpoints, analysed in the intention-to-treat population and assessed hierarchically in order displayed

BL baseline, CDP confirmed disability progression, HR hazard ratio, pts patients, SF-36 PCS 36-Item Short-Form Health Survey Physical Com-
ponent Summary, 725FW timed 25-foot walk, T,W T,-weighted MRI scan, A change

*p < 0.05, **p < 0.001 vs placebo

“Disability progression defined as a > 1.0-point increase from BL in EDSS score (or > 0.5-point increase if BL score > 5.5) sustained for > 12

weeks (12-week CDP) or > 24 weeks (24-week CDP)

®Mean percent A (T25FW; brain volume), adjusted geometric mean percent A (total T, lesion volume) or adjusted mean A (SF-36 PCS score)

“See text for dosage and regimen details
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wheelchair requirement (i.e. EDSS > 7.0) by 7.1 years (95%
CI — 4.3 to 18.4) relative to placebo [23]. The extrapolated
median time to 24-week confirmed EDSS > 7.0 was 19.2
years with ocrelizumab versus 12.1 years with placebo. The
plausibility of these extrapolations is supported by observed
data from an independent real-world PPMS cohort (MSBase
registry), in which the median time to 24-week confirmed
EDSS > 7.0 was 12.4 years [23].

More recent disability progression results from after
8 years of treatment (week 408 data) continued to favour
continuous ocrelizumab treatment; relative to patients who
initially received placebo, patients continuously treated with
ocrelizumab had reduced (p < 0.002) risks of first 48-week
CDP based on EDSS or 9HPT (p = 0.057 for reduction in
risk of first 48-week EDSS > 7) [24].

With respect to MRI outcomes, suppression of lesion
activity was sustained (and near complete) over long-term
treatment with ocrelizumab [22]. Patients who received
continuous ocrelizumab had smaller increases from dou-
ble-blind baseline in T, lesion volume (0.45% vs 13.00%
in patients who switched from placebo to ocrelizumab;
p < 0.0001) and T, hypointense lesion volume (36.68% vs
60.93%; p = 0.0008) at OLE week 144 [22].

2.3 In Real-World Studies

The effectiveness of ocrelizumab in the treatment of patients
with MS in a real-world clinical setting has been investigated
in several large studies (n > 300) [25-32], the early results
of which appear to confirm the therapeutic benefits demon-
strated in clinical trials.

An interim analysis of the effectiveness of ocrelizaumab in
the treatment of patients with RMS and PPMS is available
from the non-interventional CONFIDENCE study [27]. Over
one year of observation, 83.6% of ocrelizumab recipients
with RMS and 93.2% with PPMS experienced treatment suc-
cess (defined as no relapse, progression or treatment discon-
tinuation due to an adverse event); mean changes in EDSS
from baseline to after one year of treatment were 0.0 and
0.1 in the respective groups. Most ocrelizumab recipients
with RMS (85.3%) experienced no relapses. CONFIDENCE
aims to collect < 10 years of data from newly treated ocre-
lizumab recipients (n = 3000) and recipients of other select
DMTSs (n = 1500) in ~ 250 German centres. The interim
analysis included data from =~ 559 ocrelizumab recipients
(=~ 82% with RMS and = 18% with PPMS) with one year
of follow-up [27].

Early analyses of data from the international MSBase
Registry [28] and Danish Multiple Sclerosis Registry [30]
also indicate that ocrelizumab is an effective treatment for
MS. In MSOCR-R, a prospective MSBase cohort study of
patients with RRMS newly treated with ocrelizumab (n =
800 eligible as of April 2021), most ocrelizumab recipients

(91%) remained free from relapse after 2 years [28]. The
ARR was 0.073. Kaplan-Meier estimates of 6-month CDP-
free survival were 96% at 12 months and 91% at 24 months,
while estimates of 6-month CDI were 7% and 10%. Patients
had a median exposure to ocrelizumab of 1.8 years [28]. In
an observational cohort study with prospectively enrolled
cases (n = 1104 initiating treatment with ocrelizumab; 946,
97 and 61 with RRMS, SPMS and PPMS, respectively)
using data from the nationwide population-based Danish
Multiple Sclerosis Registry, 9.3% of the total cohort experi-
enced relapses during ocrelizumab treatment (median time
to first relapse 4.2 months) [30]. The mean ARR was 0.09
after initiation of ocrelizumab versus 0.58 in the year prior
to initiation. The overall rate of 24-week CDP at month 12
was 8.4% (7.2%, 10.4% and 20.5% in patients with RRMS,
SPMS and PPMS, respectively). Most patients (94.5%) were
free of MRI disease activity after ~ 1 year of treatment. The
median duration of follow-up was 16 months [30].

Data on real-world outcomes with ocrelizaumab versus
other DMTs are available from an analysis using a US com-
mercial claims database [29]. This analysis included data
from patients with MS enrolled for > 1 year pre- and post-
initiation of a new DMT (n = 729, 662, 1109 and 213 initiat-
ing ocrelizumab, comparator injectable DMTs, comparator
oral DMTs or natalizumab). The pre-initiation year ARR
was 0.54 in the ocrelizumab group (0.60 in the quarter prior
to initiation), 0.33 in the injectable DMT group (0.85), 0.33
in the oral DMT group (0.75) and 0.60 in the natalizumab
group (1.1). From the pre-initiation year to the post-initiation
year, the changes in ARR were — 0.31 with ocrelizumab,
— 0.08 with injectable DMTs, — 0.12 with oral DMTs and
— 0.19 with natalizumab [29].

3 Tolerability of Ocrelizumab

Ocrelizumab 600 mg administered intravenously every
24 weeks was generally well tolerated in patients with
RMS and PPMS in clinical trials (e.g. [10, 11, 14-16, 33,
34]) and in a real-world setting (e.g. [30, 35, 36]). In the
pooled OPERA I and II safety populations, the proportion
of patients reporting adverse events (AEs) was the same with
ocrelizumab as with interferon p-1a (83.3%) [10]. Serious
AEs occurred in 6.9% of ocrelizumab recipients (vs 8.7% of
interferon p-1a recipients) and AEs led to discontinuation in
3.5% (vs 6.2%) [10]. In the ORATORIO safety population,
AEs occurred in 95.1% of ocrelizumab recipients (vs 90.0%
of placebo recipients), were serious in 20.4% (vs 22.2%) and
led to discontinuation of the trial agent in 4.1% (vs 3.3%)
[16]. No new safety signals were identified over < 7 years of
continuous treatment with ocrelizumab during the clinical
trials and OLEs [37].
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During the pivotal clinical trials, infusion-related reac-
tions (IRRs) were the most frequently reported AEs in
ocrelizumab recipients (Fig. 1) [10, 16]. Common IRRs
included pruritus, rash, flushing and throat irritation [38].
IRRs were predominantly mild to moderate in severity and
most frequently observed with the first infusion, decreas-
ing in frequency thereafter. Severe IRRs occurred in 2.4%
of ocrelizumab recipients in the OPERA trials (vs 0.1% of
interferon p-1a recipients) and 1.2% in ORATORIO (vs 1.7%
of placebo recipients). There was one life-threatening case
of bronchospasm with ocrelizumab (in OPERA I; patient
discontinued ocrelizumab and event resolved on same day
without sequelae) and no fatal IRRs. Patients were premedi-
cated with methylprednisolone before ocrelizumab infusions
and had the option to receive additional prophylaxis, which
reduced the incidence of IRRs. IRRs that did occur were
managed effectively through infusion rate adjustments and
the treatment of symptoms [38]. Premedication with intra-
venous methylprednisolone 100 mg (or equivalent) and an
antihistamine should be administered prior to every ocreli-
zumab infusion [7, 8].

The administration of ocrelizumab 600 mg infusions over
a shorter duration (2 h; Sect. 4) did not substantially alter
the safety profile of ocrelizumab relative to infusions over
the conventional duration (3.5 h) in the randomized, double-
blind ENSEMBLE PLUS substudy in patients with RRMS
(n = 373 and 372 in the conventional and shorter duration
groups) [33]. During or after the first randomized dose,
IRRs occurred in 28.8% of patients in the shorter infusion
group and 26.5% of patients in the conventional infusion
group (difference 2.44%; 95% CI — 3.83 to 8.71) [primary
endpoint; Fig. 1c]. The severity of IRRs and proportion of
patients experiencing IRRs requiring symptomatic treatment
(e.g. antihistamines, antiemetics, analgesics) were gener-
ally comparable between groups. IRRs requiring interven-
tion (i.e. infusion slowing or temporary interruption) were
somewhat more frequent with the shorter infusions (Fig. 1c).
In each group, the majority of IRRs were mild or moderate
in severity and resolved without sequelae; no IRRs led to
treatment discontinuation and there were no serious, life-
threatening or fatal IRRs in either group [33]. The results
of ENSEMBLE PLUS were supported by those of the
CHORDS extension substudy (n = 129 with RRMS) [39]
and the US open-label, phase IIIb SaROD shorter infusion
study, which included several patients with PPMS (repre-
senting 9.5% of the 95 patients with MS in the shorter 600
mg infusion cohort) [34].

Infections such as upper respiratory tract infection,
nasopharyngitis and urinary tract infection were common
in ocrelizumab recipients during the pivotal clinical trials
(Fig. 1) and were mostly of mild or moderate severity [10,
16]. Across several clinical trials and OLE periods up to
January 2020 [n = 5680 ocrelizumab recipients with MS;
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Fig. 1. Adverse events (> 10% incidence in any treatment arm)
occurring with ocrelizumab in patients with a relapsing multiple scle-
rosis (pooled OPERA-I and II safety populations [10]) and b primary
progressive multiple sclerosis (ORATORIO [16]), and ¢ IRRs occur-
ring with ocrelizumab in patients with relapsing-remitting multiple
sclerosis (ENSEMBLE-PLUS [33]; first randomized infusion). /RR
infusion-related reaction, PE primary endpoint, URTI upper respira-
tory tract infection, UTT urinary tract infection, © zero incidence

18,218 patient-years (PY) of exposure], infections were
reported at a rate of 76.2 events/100 PY and serious infec-
tions were reported at a rate of 2.01 events/100 PY [37]. This
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serious infection rate is consistent with the range reported in
epidemiological data [37]. Serious opportunistic infections
were rare during the OPERA and ORATORIO trials (three
potential cases reported across the two OLEs) and there were
no cases of progressive multifocal leukoencephalopathy
(PML) [18, 22]. As of 31 July 2020, an estimated 174,508
patients with MS have been treated with ocrelizumab glob-
ally, including 167,684 patients who initiated ocrelizumab
during post-marketing experience (resulting in an estimated
249,971 PY of exposure) [37]. There have been nine cases
of confirmed PML in ocrelizumab recipients during post-
marketing experience, eight of which occurred in patients
previously treated with DMTs [22, 37]. Ocrelizumab is con-
traindicated in patients with current active infections or in
a severely immunocompromised state in the EU [8] and in
patients with active hepatitis B virus infection in the USA
[7].

Based on data from ongoing clinical trials, post-market-
ing use and an external health record database, coronavirus
disease 2019 (COVID-19) cases in ocrelizumab recipients
were predominantly of mild to moderate severity, consistent
with those in the general population and patients with MS
[40]. There was no association between duration of ocreli-
zumab exposure and COVID-109 rates. The risk factors for
severe COVID-19 outcomes in ocrelizumab recipients with
MS were the same as those in the general population (e.g.
older age, comorbidities). Rates of hospitalization, invasive
ventilation and death in ocrelizumab recipients with MS
were similar to those in non-ocrelizumab treated patients
with MS [40]. Although antibody responses to vaccines are
attenuated in ocrelizumab recipients (Table 1), vaccination
against COVID-19 (with non-live vaccines) may still be
expected to offer some protection [40—42]. For non-live vac-
cines requiring two doses (including COVID-19 vaccines),
the first dose should be administered ~ 12 weeks after the
most recent ocrelizumab infusion and the second dose given
no less than 4 weeks before the next infusion [37].

Ocrelizumab may increase the risk of malignancies
(e.g. breast cancer) [8]. Across ocrelizumab clinical trials
and OLE periods up to January 2020, malignancies were
reported at a rate of 0.46 events/100 PY [37]. Although this
rate is consistent with the range reported in epidemiological
data [37], the use of ocrelizumab is nevertheless contrain-
dicated in patients with known active malignancies in the
EU [8].

As with other therapeutic proteins, there is the poten-
tial for immunogenicity with ocrelizumab [7]. Of patients
treated with ocrelizumab in the pivotal trials (n = 1311), 12
(0.9%) tested positive for antidrug antibodies (two of whom
tested positive for neutralizing antibodies) [7, 8]. This is
consistent with the humanized nature of ocrelizumab. The
impact of antidrug antibodies on the safety and efficacy of
ocrelizumab is unknown [7, 8].

4 Dosage and Administration
of Ocrelizumab

In the EU, ocrelizumab is indicated for the treatment of
adults with relapsing forms of MS with active disease (as
defined by clinical or imaging features), or early PPMS (in
terms of disease duration and disability level) with imaging
features characteristic of inflammatory activity [8]. In the
USA, ocrelizumab is indicated for the treatment of adults
with relapsing forms of MS (including clinically isolated
syndrome, RRMS and active SPMS) or PPMS [7]. The rec-
ommended dosage is 600 mg every 6 months, administered
intravenously as two 300 mg infusions 2 weeks apart for the
first dose and single 600 mg infusions thereafter [7, 8]. The
initial two infusions should each be given over ~ 2.5 h in the
EU (> 2.5 hin USA [7]) [8]. Subsequent doses can be given
over & 3.5 h (> 3.5 hin the USA [7]) or, if no serious IRR
has occurred with any previous ocrelizamab infusion, ~ 2 h
(= 2 h [7]) [8]. Consult local prescribing information for
details concerning delayed or missed doses, premedication
for IRRs, management of IRRs, contraindications, special
warnings and precautions, and use in special populations.

5 Place of Ocrelizumab in the Management
of Multiple Sclerosis

A variety of intravenously infused, injectable and oral DMTs
are now approved for the treatment of relapsing forms of
MS [4]. Ocrelizumab, the first anti-CD20 mAb to receive
approval, selectively depletes CD20-expressing B cells
while largely preserving normal immune function (Table 1)
[9]. PPMS has proven more difficult to treat than RMS and
ocrelizumab is currently the only DMT approved in this phe-
notype [4]. The 2018 ECTRIMS/EAN guidelines recom-
mend that in patients with active RRMS, choice of treatment
from among the wide range of available modestly effective
to highly effective drugs (with ocrelizumab among these)
should be reached in consultation with the individual patient
and will depend on factors such as patient characteristics and
comorbidities, disease severity/activity, drug safety profiles
and drug accessibility (consensus statement) [3]. In patients
with PPMS, ocrelizumab should be considered (weak rec-
ommendation) [3]. AAN guidelines similarly recommend
that clinicians offer DMTs to patients with relapsing forms
of MS and recent clinical relapses or MRI activity, with
drug selection respecting patient preferences and incorpo-
rating relevant variables (e.g. administration route, patient
lifestyle, cost, efficacy, safety/tolerability) [43]. Ocrelizumab
should be offered to patients with PPMS who are likely to
benefit from this therapy, unless treatment risks outweigh
the benefits [43].
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In the pivotal OPERA trials, ocrelizumab was signifi-
cantly more effective than interferon -1a in reducing relapse
rates, as well as clinical and MRI measures of disease activ-
ity and progression, in patients with RMS (Sect. 2.1.1).
OPERA results are supported by those from open-label
phase IIIb and IV trials (including in patients with an inade-
quate response to previous DMTs; Sect. 2.1.3). Unlike other
DMTs to date, ocrelizumab also demonstrated efficacy in
the treatment of PPMS, significantly slowing disease pro-
gression relative to placebo in the pivotal ORATORIO trial
(Sect. 2.2). The ORATORIO-HAND study is further inves-
tigating the effects of ocrelizumab on upper limb function in
patients with PPMS [44]. Of importance for a chronic condi-
tion, the clinical benefits of ocrelizumab were sustained over
long-term treatment (> 7.5 study years in the pivotal trials
and their OLEs), with partial suppression of disease activity
and low rates of disability accrual (Sect. 2.1.1.1; 2.2.1). A
number of large real-world studies of ocrelizumab in patients
with RMS and PPMS are now underway and early results
are consistent with the efficacy observed in clinical trials
(Sect. 2.3).

Ocrelizumab was generally well tolerated in the treatment
of patients with RMS and PPMS in clinical trials (including
over < 7 years of continuous administration) and real-world
experience (Sect. 3). The most common AEs in ocrelizumab
recipients were IRRs and infections, which were primarily
mild to moderate in severity. Importantly, in a pooled analysis
of data from clinical trials and OLEs (representing > 18,000
PY of exposure), serious infection and malignancy rates in
ocrelizumab recipients were within the ranges reported in epi-
demiological data (Sect. 3). It should be noted that clinical
trials of ocrelizumab have largely excluded older patients (i.e.
> 55 years of age; Sect. 2), who may be at greater risk of cer-
tain rare AEs. While no new safety signals have emerged dur-
ing post-marketing experience amounting to ~ 250,000 PY of
ocrelizumab exposure (Sect. 3), further long-term safety data
from heterogeneous populations in real-world clinical prac-
tice (being collected in the ongoing CONFIDENCE, MANU-
SCRIPT and VERISMO safety studies, which will continue
for < 10 years) are nevertheless awaited with interest.

In the absence of head-to-head comparisons between ocre-
lizumab and other approved treatments for relapsing forms of
MS (aside from interferon $-1a; Sect. 2.1.1), recent network
meta-analyses generally indicate that ocrelizumab is superior
or comparable to other approved DMTs in efficacy while
being similar with respect to safety [45-48]. Direct compari-
sons in clinical trials would be of use in ascertaining the rela-
tive position of ocrelizumab in the management of relapsing
forms of MS.

With respect to patient convenience, ocrelizumab is infre-
quently administered (once every 6 months; Sect. 4) and is
minimally disruptive to the personal and professional lives
of patients [49]. Real-world data suggests that treatment
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adherence rates may be higher and discontinuation rates lower
with ocrelizumab than with other intravenous, injectable or
oral DMTs [50]. Of particular relevance in a pandemic setting
(where access to infusion locations and individuals qualified
in the treatment of chronic disease may be limited), ocreli-
zumab can now be administered as a rapid infusion (Sect. 4)
without the safety profile being altered (albeit with slowing or
interrupting of the infusion required in a minority of patients;
Sect. 3). Shorter infusion times have the potential to reduce
resource utilization and may be preferred by patients [51].
While modern DMTs improve outcomes in patients with
MS, they do so at significant cost [52]. In a US cost-effective-
ness analysis, ocrelizumab was the only approved DMT to
approach the threshold for cost-effectiveness in the first-line
treatment of RRMS but was not considered to be cost-effec-
tive in the treatment of PPMS [52]. In the UK, NICE recom-
mends ocrelizumab as an option for the treatment of RRMS in
adults with active disease if alemtuzumab is not suitable and
if the ocrelizumab is provided at an agreed discounted price
[49]. NICE also recommends ocrelizumab as an option for the
treatment of early PPMS with imaging features characteristic
of inflammatory activity in adults, considering cost-effective-
ness estimates to be acceptable at the agreed price [53].
Based on rapidly accumulating evidence from clinical tri-
als and real-world studies, ocrelizumab continues to represent
a generally well-tolerated, high-efficacy DMT for relapsing
forms of MS and a valuable pharmacotherapy for delaying
disease progression in patients with PPMS. Of particular per-
tinence during a pandemic, ocrelizumab offers patients with
MS the convenience of short (=~ 2-hour), half-yearly infusions.

Data Selection Ocrelizumab: 716 records

identified

Duplicates removed 214

Excluded during initial screening (e.g. press releases; 311
news reports; not relevant drug/indication; preclinical
study; reviews; case reports; not randomized trial)

Excluded during writing (e.g. reviews; duplicate data; 132
small patient number; nonrandomized/phase I/II trials)

Cited efficacy/tolerability articles 44
Cited articles not efficacy/tolerability 15

Search Strategy: EMBASE, MEDLINE and PubMed from 2018
to present. Previous Adis Drug Evaluation published in 2018 was
hand-searched for relevant data. Clinical trial registries/ databases
and websites were also searched for relevant data. Key words
were ocrelizumab, Ocrevus, primary progressive multiple sclero-
sis, relapsing multiple sclerosis. Records were limited to those in
English language. Searches last updated 13 Jan 2021.
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