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ARTICLE INFO ABSTRACT
Keywords: Background: There are limited data on the impact of coronavirus disease 2019 (COVID-19) caused by the severe
COVID-19 acute respiratory syndrome coronavirus 2 (SARS-CoV-2) on people with multiple sclerosis (MS).
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Objective: To better understand SARS-CoV-2 infection in ocrelizumab-treated people with MS.

Methods: Internal Roche/Genentech data sources: Cases of COVID-19 from ongoing Roche/Genentech clinical
trials and from post-marketing use of ocrelizumab until July 31, 2020 were identified and assessed using
descriptive statistics.

External real-world data (RWD) source: An MS COVID-19 cohort and an ocrelizumab-treated MS COVID-19
cohort were identified and assessed from the OPTUM® de-identified COVID-19 electronic health record (EHR)
database.

Results: Roche/Genentech clinical trial data: There were 51 (1.3%) suspected or confirmed cases of COVID-19
identified from 4,000 patients ongoing in 10 Roche/Genentech clinical trials. Of these, 26 (51%) were
confirmed COVID-19 and 25 (49%) were suspected COVID-19. Sixteen (31.4%) patients were hospitalized.
COVID-19 severity was mild to moderate in most patients (35, 68.6%). Ten (19.6%) patients had severe disease
and there were three (5.9%) fatal cases. Most patients (43, 84.3%) recovered or were recovering. There was no
association apparent between duration of exposure to ocrelizumab and COVID-19. Among COVID-19 patients
with previous serum immunoglobulin status (27/51, 52.9%), all (27/27, 100%) had IgG levels within the normal
range.

Roche/Genentech post-marketing safety database data: There were 307 post-marketing cases of COVID-19 in the
Roche/Genentech global safety database. Of these, 263 (85.7%) were confirmed and 44 (14.3%) were suspected
COVID-19. 100 (32.6%) patients were hospitalized. COVID-19 was asymptomatic, mild or moderate in 143
(46.6%) patients, severe in 52 (16.9%) patients, and critical in 15 (4.9%) patients. There were 17 (5.5%) fatal
cases. Information on severity was not reported in 80 (26.1%) cases. Most patients (211, 68.7%) recovered or
were recovering at the time of the report.

External RWD data source: As of July 13, 2020, the OPTUM® database included EHRs for almost 1.2 million
patients with suspected COVID-19, 130,500 of whom met the criteria for confirmed/clinically diagnosed COVID-
19. A total of 357 patients with MS with confirmed COVID-19 were identified. Forty-eight (13.4%) were treated
with ocrelizumab, of whom 12 (25.0%) were hospitalized and one died (2.1%). Similar rates of hospitalization,
invasive ventilation, and death were observed in the ocrelizumab-treated and non-ocrelizumab-treated MS
cohorts.

Abbreviations: AE, adverse event; BMI, body mass index; CCI, Charlson Comorbidity Index; CCOD, clinical cut-off date; CI, confidence interval, COVID-19,
coronavirus disease 2019; CTCAE, Common Terminology Criteria for Adverse Events; DMT, disease-modifying therapy; EDSS, Expanded Disability Status Scale; EHR,
electronic health record; Ig, immunoglobulin; MS, multiple sclerosis; PPMS, primary progressive multiple sclerosis; RMS, relapsing multiple sclerosis; RRMS, rela-
psing-remitting multiple sclerosis; RT-PCR, real-time polymerase chain reaction; RWD, real-world data; SARS-CoV-2, severe acute respiratory syndrome coronavirus
2; SPMS, secondary progressive multiple sclerosis; WHO, World Health Organization.
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Across the Roche/Genentech and RWD sources assessed, age, male sex, and the presence of comorbidities such as
hypertension were associated with a more severe disease course of COVID-19. There was a higher number of
comorbidities present in hospitalized versus non-hospitalized patients.

Conclusions: This assessment provides evidence that COVID-19 in ocrelizumab-treated people with MS is pre-
dominantly mild to moderate in severity with most patients not requiring hospitalization; in line with data re-
ported from the general population and MS datasets. Risk factors known to be associated with severe COVID-19
outcomes in the general population also appear to influence COVID-19 severity in ocrelizumab-treated people
with MS. Case fatality rates for ocrelizumab-treated people with MS were within published ranges for the general
population and other MS cohorts.

1. Introduction

Ocrelizumab is a humanized anti-CD20, B cell-depleting, monoclonal
antibody approved for the treatment of relapsing multiple sclerosis
(RMS) and primary progressive multiple sclerosis (PPMS). As of July 31,
2020, an estimated 174,508 people with MS worldwide have been
treated with ocrelizumab, including approximately 167,684 in the
commercial post-marketing setting, and 6,824 in clinical trials resulting
in an exposure of 249,971 patient-years (Roche, data on file, 2020).
Although ocrelizumab is associated with an increased risk of certain
non-serious infections, including upper respiratory tract infections, no
increased risk of serious infections was observed with ocrelizumab
treatment in the controlled period of the pivotal clinical trials versus
comparators (interferon beta-1a or placebo; Hauser et al., 2017; Mon-
talban et al., 2017). Over a period of approximately seven years in the
open-label extensions of these studies, a low and generally stable rate of
serious infections, with some year-on-year variation, has been observed
(Hauser et al., 2020a; Hauser et al., 2020b).

It is estimated that about one in five individuals worldwide could be
at increased risk of severe coronavirus 2019 (COVID-19) (Clark et al.,
2020). In the general population, risk factors associated with severe
COVID-19 include older age, male sex, and comorbidities such as
obesity, diabetes, hypertension, coronary heart disease, chronic pul-
monary or kidney disease, and cancer (CDC, 2020a; ISARIC, 2020;
Williamson et al., 2020). Additionally, it has been suggested that
immunocompromised patients (Fung & Babik, 2020) or patients
receiving immunosuppressive treatments (D’Antiga, 2020) may be at
increased risk. For patients with MS, it is currently debated whether they
are at an increased risk of contracting severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection (Ghajarzadeh & Bonavita, 2020)
or of developing a more severe course of COVID-19 compared with the
general population and whether the different disease-modifying thera-
pies (DMTs) play a specific role (Amor et al., 2020; Giovannoni, 2020;
Giovannoni et al., 2020). Multiple expert recommendations on the use of
DMTs in MS have been published in the context of the COVID-19
pandemic (Brownlee et al., 2020; Thakolwiboon et al., 2020). Howev-
er, given the limited data available, neurologists are still faced with
important challenges in the management of people with MS in the era of
COVID-19, and high-quality evidence is needed to better understand the
effect of COVID-19 in people with MS (Peeters et al., 2020). Due to this
uncertainty around the potential risks that SARS-CoV-2 may pose for
people with MS who are receiving immunotherapy, it was recommended
that people with MS should not discontinue their DMT during the
COVID-19 pandemic without seeking advice from their neurologist
(Korsukewitz, 2020).

To better understand COVID-19 in ocrelizumab-treated people with
MS, we present the most complete dataset available to date on
ocrelizumab-treated people with MS with confirmed or suspected
COVID-19 reported in Roche/Genentech clinical trials and in post-
marketing pharmacovigilance data, as of July 31, 2020. We also
analyzed COVID-19 data from an EHR database in the USA and then
discuss our findings in the context of information in the public domain
regarding COVID-19 in the general population, people with MS, and
ocrelizumab-treated people with MS.

When we wrote our initial report on a pharmacovigilance case series
of COVID-19 in people with MS treated with ocrelizumab (April 30,
2020 data cut-off [Hughes et al., 2020]), there were over 3.5 million
confirmed COVID-19 cases (243,401 fatal) reported worldwide (World
Health Organization 2020a). As we write this update, the figure of
confirmed COVID-19 cases now stands at over 38 million (1 million
fatal) (World Health Organization 2020b).

2. Methodology
Clinical trial and spontaneous post-marketing case analysis

Suspected or confirmed COVID-19 cases were identified from
ongoing Roche/Genentech clinical trials and from spontaneous post-
marketing case reports of COVID-related events recorded in the
Roche/Genentech global safety database. The validity and seriousness of
cases were assessed according to the International Council for Harmo-
nisation of Technical Requirements for Pharmaceuticals for Human Use
(ICH) guidelines (European Medicines Agency [CH Harmonised Tripar-
tite Guideline E2A, 1995), including a check for duplicate cases.

Clinical trial and post-marketing cases were assessed as confirmed
COVID-19 if they had a laboratory confirmation using either a positive
SARS-CoV-2 real-time polymerase chain reaction (RT-PCR) test or a
serological test. Post-marketing cases were also conservatively assessed
as confirmed if radiological evidence consistent with COVID-19 pneu-
monia (e.g. ground-glass opacities) was reported or if the cases were
described by the reporter as confirmed COVID-19. Cases were consid-
ered suspected if only signs or symptoms consistent with COVID-19
(European Centre for Disease Prevention and Control, 2020) were pre-
sent and SARS-CoV-2 infection was suspected by the reporter.

In the absence of an agreed COVID-19 severity classification
(Louapre et al., 2020; National Institutes of Health, 2020; Siddiqi &
Mehra, 2020; World Health Organization, 2020c; Wu & McGoogan,
2020), we adopted the following approach:

For clinical trial cases, the National Cancer Institute’s Common
Terminology Criteria for Adverse Events (CTCAE [v5.0]) grading system
was used, which categorizes cases into mild, moderate, severe, life-
threatening, or fatal (U.S. Department of Health and Human Services
NIH, National Cancer Institute, 2017). Due to reporting heterogeneity,
for post-marketing reports, severity categories were assigned based on
information provided, using the following classification (Hughes et al.,
2020): asymptomatic if it was explicitly stated that no symptoms were
present, mild if non-hospitalized symptoms such as low-grade fever or
cough were described, moderate if shortness of breath was reported,
severe if pneumonia was present, and critical if requiring intensive care
and/or mechanical ventilation.

Outcome for clinical trial cases was captured as recovered/recov-
ering, recovered/recovering with sequelae, not recovered/not resolved
or fatal. For post-marketing cases, outcome was classified as recovered,
recovering (e.g. “doing well at home”, or “improving™), not recovered at
the time of the report, or fatal.

If no information was provided for a given parameter, this was noted
as “missing” for clinical trial cases and “not reported” for post-marketing
cases.
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Table 1
Demographic data and COVID-19 severity and outcomes in clinical trial, post-
marketing, and RWD study cohorts of ocrelizumab-treated people with MS.

Clinical Post- RWD
trials marketing  study*
COVID-19 cases, n (%)
n 51 307 48
Confirmed 26 (51) 263 (85.7) 48 (100)
Suspected 25 (49) 44 (14.3)
Age, years
n 51 229 48
Mean 40.7 45.0 48.5
Range 19-62 16-84 19-73
Gender, n (%)
n 51 307 48
Female 34 (66.7) 171 (55.7) 33 (68.8)
Male 17 (33.3) 94 (30.6) 15 (31.2)
Not reported - 42 (13.7) -
Type of MS, n (%)
n 51 307
RMS/RRMS 38 (74.5) 128 (41.7)
PPMS/SPMS 13 (25.5) 47 (15.3)
Not reported 0 132 (43.0)
Seriousness', n (%)
Serious 16 (31.4) 131 (42.7)
COVID-19 disease severity, n (%)
n 51 307 48
Asymptomatic/mild/moderate 35 (68.6) 143 (46.6)
Severe 10 (19.6) 52 (16.9)
Critical/Life-threatening 0 15 (4.9) -
Fatal 3(5.9) 17 (5.5) 1(2.1)
Not reported/missing 3.9 7 80 (26.1) 47 (97.9)
Hospitalization
Hospitalized, n (%) 16 (31.4) 100 (32.6) 12 (25)
Mean age of hospitalized patients, years  42.0 50.1 55.1
COVID-19 disease outcome, n (%)
n 51 307 48
Recovered/Recovering 43 (84.3) 211 (68.7)
Not recovered 2 (3.9 19 (6.2)
Died 3(5.9 17 (5.5) 121
Not reported/missing 3(5.9° 60 (19.5)

COVID-19, coronavirus 2019; ICH, International Council for Harmonisation of
Technical Requirements for Pharmaceuticals for Human Use; MS, multiple
sclerosis; PPMS, primary progressive multiple sclerosis; RMS, relapsing multiple
sclerosis; RRMS, relapsing-remitting multiple sclerosis; RWD, real-world data;
SPMS, secondary progressive multiple sclerosis.

* RWD study cases could not be identified at the patient level, so deduplication
was not possible. These numbers should not be combined with clinical trials and
post-marketing.

 The validity and seriousness of cases were assessed according to ICH
guidelines (European Medicines Agency ICH Harmonised Tripartite Guideline
E2A, 1995); ICH seriousness criteria, in the context of COVID-19, include events
that: result in death, are life-threatening, require inpatient hospitalization or
prolongation of existing hospitalization, or result in persistent or significant
disability/incapacity.

# The three missing cases were manually reviewed after the data cut-off: two
cases were grade 2 (moderate) and one case was grade 3 (severe).

§ The three missing cases were manually reviewed after the data cut-off: two
cases had recovered/resolved, and one case had not resolved but patient had
been discharged from hospital.

Real-world data study

The OPTUM® de-identified COVID-19 EHR database contains pa-
tients assessed for suspected COVID-19, sourced from patient-level
medical and administrative records from hospitals, emergency de-
partments, outpatient centers, and laboratories from across the USA.
Confirmed or clinically diagnosed patients are identified from this
dataset via the presence of COVID-19 or coronavirus diagnosis codes, or
a positive diagnostic test (Rizzo et al., 2020). To identify an MS cohort,
>3 MS-related encounters from any combination of inpatient,
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outpatient or DMT use within one year of COVID-19 diagnosis was
required and at least one outpatient MS diagnosis code (Culpepper et al.,
2019; Earla et al., 2020). Inclusion in the ocrelizumab cohort was
defined by an ocrelizumab infusion within six months prior to COVID-19
diagnosis, and all ocrelizumab-treated patients were also considered
eligible for the MS cohort.

COVID-19 outcome was categorized using an abbreviated version of
the ordinal scale recommended by the WHO (World Health Organiza-
tion 2020d): not hospitalized; hospitalized (not requiring invasive me-
chanical ventilation); hospitalized (requiring invasive mechanical
ventilation); death. Discharge status of hospitalized patients was also
captured. The Charlson Comorbidity Index (CCI) was evaluated to
describe the comorbidity burden (Glasheen et al., 2019).

3. Results

Table 1 shows a summary of data from the clinical trial, post-
marketing, and RWD study cohorts of ocrelizumab-treated people with
MS. Full details for each data source are presented separately in the
Appendix (Tables A.1, A.2, A.3).

COVID-19 was reported in 51 out of 4,000 (1.3%) ocrelizumab-
treated patients across 10 clinical trials. Twenty-six (51%) of these
cases were confirmed and 25 (49%) were suspected.

In the global safety database, 307 post-marketing cases reporting
COVID-19-related events were recorded. Based on an estimated total
global exposure to ocrelizumab to July 31, 2020 of 167,684, an inci-
dence rate of 0.18% could be proposed; however, the limitations of post-
marketing data affect the ability to define a relevant numerator and a
relevant denominator and make such an incidence rate unreliable. Of
the 307 cases, 263 (85.7%) were confirmed COVID-19 cases and 44
(14.3%) were suspected.

The OPTUM® database included records for almost 1.2 million pa-
tients with suspected COVID-19 in the USA, 130,500 of whom met the
criteria for confirmed/clinically diagnosed COVID-19. A total of 357
patients with MS were identified in this confirmed COVID-19 cohort,
and of those, 48 (13.4%) patients had been treated with ocrelizumab in
the previous six months. With a total exposure to ocrelizumab in the USA
to July 31, 2020 of 97,502, an incidence rate of 0.05% could be pro-
posed; however, this figure is not reliable as the OPTUM® dataset does
not capture all COVID-19 cases in the USA.

Demographics and MS characteristics

In the clinical trial cohort, the mean age of all COVID-19 patients was
40.7 years; it was 42.0 years in hospitalized patients and 42.8 years in
the reference population of 4,000 clinical trial patients (the reference
population refers to all patients ongoing in OPERA I, OPERA II, ORA-
TORIO, Phase II, LIBERTO, CONSONANCE, ENSEMBLE, VELOCE at the
clinical cut-off date of January 3, 2020; June 19, 2020 for ORATORIO-
HAND and July 13, 2020 for OCARINA). In the post-marketing cohort,
the mean age was 45.0 years in all cases (age known in 74.6% of cases),
while it was 50.1 years in hospitalized patients. In the RWD study, the
mean age of COVID-19 cases in the overall ocrelizumab cohort was 48.5
years while it was 55.1 years in the hospitalized ocrelizumab-treated
patients.

In the clinical trial cohort, the proportion of male patients with
COVID-19 was 33.3% (n=17); for hospitalized patients the proportion
was 50.0% (n=8). In the post-marketing cohort, males accounted for
30.6% (n=94) of all cases and 39% (n=39) of hospitalized cases. In the
RWD study, the proportion of males among ocrelizumab-treated patients
with COVID-19 was 31.2% (n=15).

Relapsing forms of MS were more common than progressive forms
(74.5% vs 25.5%, respectively) in the clinical trial cohort and these
proportions were similar in hospitalized clinical trial patients (75.0% vs
25.0%, respectively). In the post-marketing cohort, relapsing forms of
MS were also more common than progressive forms (41.7% vs 15.3%,
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Fig. 1. Rates of hospitalization, invasive ventilation, and death in patients with MS in the RWD study.
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Fig. 2. Discharge disposition at end of COVID-19 hospital stay for patients treated with ocrelizumab in the RWD study.

respectively). Type of MS was not reported in 132 (43.0%) cases. In
hospitalized patients, the proportion of patients with relapsing forms of
MS was similar (43.0%) to the post-marketing cohort but the proportion
with progressive forms of MS was higher (27.0%). MS type was not re-
ported in 30 (30.0%) cases. Information on MS type was not available in
the RWD study.

Clinical severity, hospitalization, and outcomes

The majority of cases (n=35, 68.6%) in the clinical trial cohort had a
mild or moderate presentation, with 10 (19.6%) being classified as se-
vere. Information on severity was initially missing for three (5.9%) pa-
tients but, on follow-up, two of these patients had moderate disease
severity and one had severe disease. In the post-marketing cohort,
among cases for which severity was reported (n=227, 73.9%), COVID-
19 was asymptomatic, mild, or moderate in 143 (63.0%) cases, severe
in 52 (22.9%) cases, and critical in 15 (6.6%) cases.

Hospitalization was reported for 16 (31.4%) clinical trial cases and
100 (32.6%) post-marketing cases.

Most patients in the clinical trial cohort had recovered or were
recovering (n=43, 84.3%), two (3.9%) had not recovered, and in three
(5.9%) cases the event had a fatal outcome. Outcome was not initially
reported in three (5.9%) cases but, on follow-up, two of the events had

resolved and in the third case the event had not resolved but the patient
had been discharged from hospital. In the post-marketing cohort, the
majority of patients had recovered or were recovering (n=211, 68.7%),
19 (6.2%) patients had not recovered at the time of the report, and 17
(5.5%) patients had died. Outcome was not reported in 60 (19.5%)
cases. Case fatality rate in hospitalized patients was 18.8% (3/16) and
11.0% (11/100) in the clinical trials and post-marketing settings,
respectively. Details of all fatal cases can be found in the Appendix,
Tables A.4 and A.5.

In the RWD study, rates of hospitalization, invasive ventilation, and
death were similar between the ocrelizumab-treated and non-
ocrelizumab-treated people with MS (Fig. 1). Mortality rate in
ocrelizumab-treated people with MS was 2.1% compared with a mor-
tality rate of 3.9% in non-ocrelizumab-treated patients with MS, and
8.3% and 16.0%, respectively, for hospitalized patients. This is an un-
adjusted comparison and differences in the age and comorbidities of the
two cohorts exist (Table A.3). Discharge status for the ocrelizumab-
treated cohort is shown in Figure 2.

Comorbidities and risk factors

In clinical trials, the proportion of patients in the COVID-19 cohort
with comorbidities (51%) was higher than in the reference population
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COVID severity by number of risk factors
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Fig. 3. COVID severity according to number of risk factors in post-marketing cases.
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Fig. 4. Severity of COVID-19 according to age in patients treated with ocrelizumab in the post-marketing setting.

(35.0%). The proportion was even higher in hospitalized COVID-19
patients (56.3%). Underlying respiratory comorbidities (e.g. asthma)
were reported in 43.8 % of hospitalized cases, 31.4% of all COVID-19
cases, and in 11.6% of patients in the reference population.

Information on risk factors associated with severe COVID-19 was
available for 134/307 post-marketing cases. In 85.8% (n=115) of these
cases at least one of the following risk factors was reported: age >50
years (n=82, 61.2%), obesity (n=28, 20.9%), hypertension (n=27,
20.1%), chronic pulmonary disease (n=13, 9.7%), diabetes (n=10,
7.5%), cancer (n=3, 2.2%), coronary heart disease (n=1, 0.7%), and
chronic kidney disease (n=1, 0.7%). A higher number of risk factors
appeared to be associated with greater disease severity (Fig. 3).

In the RWD study, MS patients hospitalized for COVID-19 were on
average older, proportionally more likely to be male, and had more
underlying comorbidities reflected in a higher median CCI and a higher
prevalence of many individual comorbidities associated with more se-
vere COVID-19 (Table A.3.).

Age

Within the 51 cases with suspected/confirmed COVID-19 in clinical
trials, the proportion hospitalized tended to be higher in the age group
above 50 years (Table A.1). For those individuals in the post-marketing
cohort for whom age was reported (n=229, 74.6%), older age was
associated with an increased risk of severe COVID-19. In those aged <50
years (n=142, 46.3%), the majority (n=84, 59.2%) experienced
asymptomatic, mild, or moderate disease, whereas 34 (23.9%) experi-
enced severe, critical, or fatal disease. In those aged >50 years (n=87,
28.3%), a lesser proportion of patients (n=30, 34.5%) experienced
asymptomatic, mild, or moderate disease, and a greater proportion
(n=38, 43.7%) experienced severe, critical, or fatal disease than those in
the <50-years age group. This pattern of increasing severity remained
evident across age groups by decade (Fig. 4).

Expanded Disability Status Scale (EDSS)

In clinical trials, the proportion of patients with EDSS >3.0 was
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higher for hospitalized patients (43.8%) than for all COVID-19 patients
(33.3%). For post-marketing cases, despite the extent of missing EDSS
data (n=265, 86.3%), a positive trend for more severe outcomes with
higher EDSS was noted (Table A.6). EDSS was not available in the RWD
study, but among hospitalized patients the proportion of patients with
reported hemiplegia/paraplegia was higher (26.4%) compared with
non-hospitalized patients (10.4%) (Table A.3).

Serum immunoglobulin (Ig) levels

Total serum Ig measurements were collected up to January 3, 2020,
and were available for 1,883/4,000 (47.2%) patients in the reference
clinical trial population; IgG levels were below the lower limit of normal
(LLN) (5.65 g/L) in 138/1,883 (7.3%) of these patients, none of whom
reported COVID-19. Among COVID-19 patients with previous serum Ig
status (27/51, 52.9%) in clinical trials, all (27/27, 100%) had IgG levels
within the normal range. With regards to IgA and IgM, 7.4% (2/27) and
48.1% (13/27), respectively, had levels below LLN, compared with 6.4%
(120/1,883) and 35.7% (671/1,880) in the reference clinical trial
population. Measurements were taken at a median of 29 weeks before
COVID-19 infection. At the time of reporting, there were no measure-
ments available during or after COVID-19 infection.

Duration of exposure to ocrelizumab

In clinical trials there was a maximum duration of exposure of eleven
years and six months. No association between duration of exposure to
ocrelizumab and rates of COVID-19 was apparent. Rates of hospitali-
zation were also not associated with time on treatment with ocrelizumab
(Fig. 5).

The maximum duration of exposure in the post-marketing period was
three years and four months (ocrelizumab was launched on March 28,
2017). Information on duration of exposure and COVID-19 severity was
reported in approximately half of post-marketing cases (n=151, 49.2%);
however, the information on ocrelizumab start date and onset of COVID-
19 symptoms was frequently imprecise (e.g. “Ocrelizumab therapy
started in 2018” or “COVID-19 symptoms began in March or April
20207), precluding meaningful assessment of the data.

4. Discussion

Evidence regarding COVID-19 in people with MS from clinical trials
is scarce, so data from all possible sources should be considered. This
report derived its findings from numerous data sources, including
ongoing ocrelizumab clinical trials, post-marketing safety reports and
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OPTUM®, a RWD set. The results show that where severity was re-
ported, the majority of SARS-CoV-2 infections resulted in mild-to-
moderate disease, which did not require hospitalization, and in most
cases, infections had either resolved or were resolving. No association
between duration of exposure to ocrelizumab and rates of COVID-19 was
observed. All COVID-19 cases with available Ig status had an IgG level
within the normal range.

As expected from known risk factors for a more severe course of
COVID-19 in the general population and in cohorts of people with MS
(older age, disability status, male, and comorbidities) (CDC, 2020a;
ISARIC, 2020; Parrotta et al.,, 2020; Williamson et al.,, 2020),
ocrelizumab-treated people with MS with known risk factors appeared
to experience a more severe disease course. Hospitalization was required
in 25-33% of cases in the clinical trials, post-marketing safety reports
and in the OPTUM® RWD study, which is relatively consistent with the
rates reported for patients receiving ocrelizumab in other MS cohorts
(Loonstra et al., 2020; Louapre et al., 2020). However, it should be noted
that approximately one-quarter of the hospitalized cases in clinical trials
had only moderate COVID-19. This suggests a potential referral bias
likely driven by the general concern at the start of the pandemic and
reflected in several guidelines, that patients on immunosuppressive/-
depleting drugs were at potential risk for severe disease and ocrelizumab
infusions should be delayed (Brownlee et al., 2020; Giovannoni et al.,
2020; Hamdy et al., 2020).

Overall, the case fatality rates in ocrelizumab-treated people with MS
were similar to other data sources for people with MS, ranging from
1.6% to 4.9% (COViMS Registry, 2020; Loonstra et al., 2020; Louapre
et al., 2020; Sormani et al., 2020). Where ocrelizumab-specific case fa-
tality rates were presented, this ranged from 0.0% to 5.2% (COViMS
Registry, 2020; Loonstra et al., 2020; Louapre et al., 2020; Sormani
etal., 2020). In the post-marketing cohort, fatal cases occurred mainly in
patients with underlying risk factors and one of the three fatal cases from
clinical trials occurred in a 60-year-old male with multiple risk factors.
The other two fatal clinical trial cases occurred in patients in their 20s.
Whilst it is much less common for COVID-19 to be associated with a fatal
outcome in patients of this age, both cases were reported in Mexico, and
although it is not possible to exclude a potential contribution of ocreli-
zumab, it should be noted that Mexico has been very badly affected by
the pandemic and has experienced a higher case fatality rate
(Cortés-Tellés et al., 2020; Johns Hopkins University, 2020) and a higher
proportion of deaths in younger patients than has been seen in Europe or
the US (Joannidis et al., 2020).

As population mortality estimates are subject to considerable vari-
ability, it is useful to consider published mortality rates in patients
requiring hospitalization, which range from 9.7% to 27.6% (Chawla
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et al., 2020; ISARIC, 2020; Louapre et al., 2020; Richardson et al., 2020;
Salje et al., 2020). The largest body of evidence to date for hospitalized
patients is from the International Severe Acute Respiratory and
Emerging Infections Consortium (ISARIC), which presented data for 88,
463 patients (including 76,421 with recorded outcomes), of whom 52,
000 patients recovered and 24,421 died (27.6% of all patients, 32.0% of
patients with recorded outcomes).

Global efforts for more harmonized data collection in MS are un-
derway (Peeters et al., 2020), but the current differences in study design,
methodology, and classification of severity between reported COVID-19
case series (categories used and assignment criteria) make direct com-
parisons challenging. Especially for COVID-19 mortality outside of
clinical trials, accurate estimates are difficult to determine and the
variability of reported case fatality rates is well documented and likely
related to factors including frequency of testing, demography, under-
lying comorbidities, and differences in definitions for confirmed disease
and COVID-19-related deaths (Johns Hopkins University, 2020; World
Health Organization 2020e). These COVID-specific limitations apply to
this assessment, and post-marketing data and RWD are also associated
with well-recognized non-COVID-specific limitations. Adverse event
reporting is voluntary and post-marketing pharmacovigilance reports
often provide incomplete information. There is commonly a reporting
bias for more significant outcomes, which may result in an over-
representation of more severe cases. Reporting rates can be influenced
by various external factors and this may be particularly relevant in a
pandemic situation. Conversely, the current strain on healthcare systems
may reduce reporting or reduce the quality of reports leading to higher
levels of missing data. Thus, the determination of COVID-19 prevalence,
severity, and potential risks related to MS (and to the use of specific
DMTs) is challenging given the impossibility to estimate the at-risk pa-
tient population as a denominator. The RWD study in this analysis
employed a convenience sampling methodology of suspected COVID-19
patients, thus precluding evaluation of patients without COVID-19.
Furthermore, as inclusion in the study required encounters at certain
health settings, selection bias into the dataset is likely to exist whereby
patients with symptoms of COVID-19 and certain comorbidities or drug
treatments may be more likely to attend a health setting.

The immunology of a SARS-CoV-2 infection, the host-pathogen
interaction and the course of COVID-19 are not yet fully understood
(Vabret et al., 2020). The innate immune response serves as a first line of
defense and is fundamental in the immunity to viruses in which T cells
play an essential role (Chen & Subbarao, 2007). The adaptive humoral
and cellular immune response is critical for the clearance of viruses and
is a major part of the memory response that prevents reinfection. The
role and interplay of the innate and adaptive immune system in response
to SARS-CoV-2 is complex (Tay et al., 2020) and it has been postulated
that the immunological pathways themselves are likely to contribute to
disease severity and death via a state of hyperinflammation (Gustine &
Jones, 2020; Mehta et al., 2020). During the COVID-19 pandemic, many
neurologists have adopted a cautious approach to treating MS by
delaying or stopping DMTs, due to concerns that DMTs may increase the
risk of a SARS-CoV-2 infection or the severity of COVID-19. To date,
most published data on COVID-19 outcomes in people with MS are based
on smaller case series including patients with various DMTs (Zheng
et al., 2020). In general, the emerging data seem to suggest that patients
treated with DMTs are not at higher risk of contracting SARS-CoV-2 and
seem to have similar risks and outcomes to the general population
(Zheng et al., 2020). Risks of infection and hospitalization, and
COVID-19 outcome have been reported and some studies suggested a
potential increased risk in people treated with anti-CD20 therapies
relative to other DMTs (Kieseier et al., 2020; Louapre et al., 2020;
Simpson-Yap et al., 2020; Sormani et al., 2020, Safavi et al., 2020;
Sahraian et al., 2020). Case reports of patients treated with B
cell-depleting agents have, in general, shown similar COVID-19 out-
comes to the general population (Ghajarzadeh et al., 2020; Iannetta
et al., 2020; Meca-Lallana et al., 2020; Montero-Escribano et al., 2020;

Multiple Sclerosis and Related Disorders 49 (2021) 102725

Novi et al., 2020; Suwanwongse et al., 2020; Woo et al., 2020; Wurm
et al, 2020). Failure or attenuation of the development of
anti-SARS-CoV-2 antibodies after COVID-19 in ocrelizumab-treated
patients has been reported in the recent literature (Conte et al., 2020;
Lucchini et al., 2020; Meca-Lallana et al., 2020; Thornton & Harel,
2020), but is also observed in the general population (Wu et al., 2020).
This reduced humoral response was not associated with a more severe
disease in most of these cases. In this context, it is interesting to note a
recent report on two cases of X-linked agammaglobulinemia patients
who developed pneumonia as COVID-19 manifestation, but recovered
despite complete absence of B cells from peripheral blood (Soresina
et al., 2020); however, it should be noted that these patients were
treated with intravenous immunoglobulins, which may offer some
protection against SARS-CoV-2 (Diez et al., 2020). The long-term effect
of a reduced humoral response on potential reinfection and potential
implications for future vaccine readiness is unclear (Baker et al., 2020a).
A recent study on the effect of ocrelizumab on vaccine responses in
people with MS showed that the humoral response to non-live vaccines
after ocrelizumab treatment is present, albeit attenuated compared with
untreated or interferon beta-treated patients, but vaccination can still be
expected to be protective (Bar-Or et al., 2020; Killestein et al., 2020). In
addition, the development of a protective immune response against
infection involves multiple mechanisms, in which T and B cells are
variably involved. Whether or how ocrelizumab interferes with such
mechanisms and may affect the ability of upcoming vaccines to induce
disease protection, and whether antibody production will be the
appropriate or sole immune correlate of protection, remain open ques-
tions for future studies.

To better understand how immunosuppression in general and DMTs
in people with MS affect susceptibility to SARS-CoV-2 infection and
COVID-19 outcome, further research is required, especially regarding
the potential effects of immune-modulation on the hyperinflammatory
phase of the disease. It will be critical to understand whether neutral-
izing antibodies and/or SARS-CoV-2-specific T-cell responses are suffi-
cient to prevent clinical disease and transmission and if the protective
adaptive immune responses following natural infection (or future
vaccination) are long-lasting, offering extended immunity against rein-
fection (Cox & Brokstad, 2020). Depending on the mode of action of a
DMT for MS, this may lead to different considerations for patient man-
agement. Current risk categorizations of DMTs are mostly based on
theoretical considerations around the mode of action and the biology of
COVID-19 (Amor et al., 2020; Baker et al., 2020b; Giovannoni et al.,
2020; Zheng et al., 2020). In future, the potential impact of each DMT on
SARS-CoV-2 vaccines will need to be considered and may depend on the
type of vaccine used (Zheng et al., 2020).

5. Conclusions

The present work represents the most complete analysis to date of
ocrelizumab-treated people with MS with confirmed or suspected
COVID-19 and combines high-quality data from clinical trials and data
from a large cohort of patients in the post-marketing setting reported to
the Roche/Genentech pharmacovigilance database.

Notwithstanding the limitations of the data sources, the experience
of ocrelizumab-treated people with MS with COVID-19 appears in line
with the reported data from the general population and MS datasets.
During this pandemic, optimal management of MS must remain a key
consideration for clinicians, and all treatment decisions should be taken
in partnership with patients according to their individual benefit-risk
profile.
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Appendix

Patient demographics and adverse event summary in ocrelizumab-treated people with MS in clinical trials with suspected or confirmed COVID-19.

Reference population

All COVID-19 cases

Confirmed COVID-19 cases Hospitalized COVID-19 cases

(n=4,000) (n=51) (n=26) (n=16)
Age class*, years, n (%)
n 4,000 51 26 16
18-20 34 (0.9) 2(3.9) 1(3.8) 1(6.3)
>20-40 1,688 (42.2) 20 (39.2) 9 (34.6) 5 (31.3)
>40-60 2,066 (51.7) 27 (52.9) 16 (61.5) 10 (62.5)
>60 212 (5.3) 2(3.9 0 0
Age class*, years, n (%)
n 4,000 51 26 16
<50 2,895 (72.4) 40 (78.4) 20 (76.9) 11 (68.8)
>50 1,105 (27.6) 11 (21.6) 6(23.1) 5 (31.3)
Age', years
n 4,000 51 26 16
Mean (SD) 42.8 (11.1) 40.7 (11.3) 40.8 (11.2) 42.0 (11.6)
Median 43.0 42.0 42.0 42.5
Range 18-68 19-62 19-60 20-60
Gender, n (%)
n 4,000 51 26 16
Male 1,600 (40.0) 17 (33.3) 12 (46.2) 8 (50.0)
Female 2,400 (60.0) 34 (66.7) 14 (53.8) 8 (50.0)
Type of MS, n (%)
n 4,000 51 26 16
RMS/RRMS 2,733 (68.3) 38 (74.5) 18 (69.2) 12 (75.0)
PPMS 950 (23.8) 10 (19.6) 6(23.1) 3(18.8)
SPMS 317 (7.9) 3(5.9) 2(7.7) 1(6.3)
Geographical location, n (%)
n 4,000 51 26 16
Brazil 63 (1.6) 2(3.9) 2(7.7) 0
Canada 209 (5.2) 1(2.0) 0 0
France 244 (6.1) 3(5.9 1(3.8) 0
Germany 146 (3.7) 2(3.9) 2(7.7) 1(6.3)
Great Britain 117 (2.9) 3(5.9) 1(3.8) 1(6.3)
Italy 375 (9.4) 4(7.8) 2(7.7) 1(6.3)
Mexico 139 (3.5) 7 (13.7) 5(19.2) 3(18.8)
Netherlands 74 (1.9) 1(2.0) 1(3.8) 1(6.3)
Poland 450 (11.3) 3(5.9 1(3.8) 0
Russia 107 (2.7) 3(5.9) 2(7.7) 3(18.8)
Spain 145 (3.6) 6 (11.8) 1(3.8) 1(6.3)
Sweden 30 (0.8) 2(3.9) 1(3.8) 1(6.3)
Ukraine 207 (5.2) 4(7.8) 2(7.7) 2 (12.5)
United States of America 674 (16.9) 10 (19.6) 5(19.2) 1(12.5)

(continued on next page)
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Table A.1 (continued)

Multiple Sclerosis and Related Disorders 49 (2021) 102725

Reference population

All COVID-19 cases

Confirmed COVID-19 cases

Hospitalized COVID-19 cases

(n=4,000) (n=51) (n=26) (n=16)
BMI at study entry, n (%)
n 4,000 51 26 16
<30 3,184 (79.6) 42 (82.49) 21 (80.8) 13 (81.3)
30-<35 445 (11.1) 2(3.9) 2(7.7) 1(6.3)
>35 281 (7.0) 6 (11.8) 2(7.7) 1(6.3)
Missing 90 (2.3) 1(2.0) 1(3.8) 1(6.3)
Race, n (%)
n 4,000 51 26 16
American Indian or Alaska Native 31 (0.8) 1(2.0) 1(3.8) 1(6.3)
Asian 35 (0.9) 0 0 0
Black of African American 95 (2.4) 1 (2.0) 0 0
Native Hawaiian or other Pacific Islander 7 (0.2) 1(2.0) 1(3.8) 1(6.3)
White 3,450 (86.3) 40 (78.4) 20 (76.9) 12 (75.0)
Other 55 (1.4) 0 0 0
Multiple 69 (1.7) 3(5.9) 2(7.7) 1(6.3)
Unknown 216 (5.4) 5(9.8) 2(7.7) 1(6.3)
Not reported 22 (0.6) 0 0 0
Missing 20 (0.5) 0 0 0
Serious AE, n (%)
n 51 26 16
Yes N/A 16 (31.4) 13 (50.0) 14 (87.5)
No 32 (62.7) 13 (50.0) 0
Missing 3 (5.9 0 2(12.5)
COVID-19 severity (highest AE grade), n (%)
n 51 26 16
Mild 14 (27.5) 7 (26.9) 0
Moderate N/A 21 (41.2) 9 (34.6) 3(18.8)
Severe 10 (19.6) 8(30.8) 8 (50.0)
Life-threatening 0 0 0
Fatal 3(5.9 2(7.7) 3(18.8)
Missing 3(5.9)7 0 2(12.5)
AE outcome for COVID-19, n (%)
n 51 26 16
Fatal 3(5.9 2(7.7) 3(18.8)
Not recovered/not resolved N/A 2(3.9 1(3.8) 1 (6.3)
Recovered/resolved 35 (68.6) 16 (61.5) 8(50.0)
Recovered/resolved with sequelae 239 2(7.7) 2 (12.5)
Recovering/resolving 6 (11.8) 5(19.2) 0
Missing 3 (5.9 0 2(12.5)
Patients with >1 comorbidity, n (%)
n 1,400 (35.0) 26 (51.0) 15 (57.7) 9 (56.3)
Respiratory, thoracic and mediastinal disorders 464 (11.6) 16 (31.4) 11 (42.3) 7 (43.8)
Metabolism and nutrition disorders 732 (18.3) 12 (23.5) 8 (30.8) 4 (25.0)
Vascular disorders 562 (14.1) 10 (19.6) 5(19.2) 3 (18.8)
Cardiac disorders 156 (3.9) 3(5.9) 1(3.8) 1(6.3)
EDSS, n (%)
n 4,000 51 26 16
<3 2,279 (57.0) 34 (66.7) 18 (69.2) 9 (56.3)
>3-5 853 (21.3) 12 (23.5) 7 (26.9) 6 (37.5)
>5-6.5 740 (18.5) 5(9.8) 1(3.8) 1(6.3)
>7 113 (2.8) 0 0 0
Missing 15 (0.4) 0 0 0
Confirmation, n (%)
n 51 26 16
PCR and/or antibody N/A 25 (49.0) 25 (96.2) 11 (68.8)
Imaging criteria 1(2.0) 1(3.8) 1(6.3)
Clinical criteria 20 (39.2) 0 4 (25.0)
Clinical and epidemiological 5(9.8) 0 0
AE duration (days)
n 40 20 13
Mean (SD) N/A 26.68 (16.70) 28.85 (17.01) 31.85 (17.68)
Median 20.0 26.50 31.00
Range 8.0-80.0 9.0-80.0 14.0-80.0
AE onset time since first dose of ocrelizumab (y)
n 48 26 14
Mean (SD) N/A 3.90 (2.86) 3.58 (2.75) 4.72 (3.03)
Median 2.79 2.72 5.24
Range 0.0-10.9 0.0-8.4 0.7-8.4

Countries shown include at least one patient with COVID-19.

Seriousness was based on investigators’ judgement; AE duration was based on resolved AEs only. Patients from blinded studies (ORATORIO-HAND) were considered to
be on ocrelizumab.

AE, adverse event; BMI, body mass index; CCOD, clinical cut-off date; COVID-19, coronavirus disease 2019; EDSS, Expanded Disability Status Scale; MS, multiple
sclerosis; PCR, polymerase chain reaction; PPMS, primary progressive multiple sclerosis; RMS, relapsing multiple sclerosis; RRMS, relapsing-remitting multiple
sclerosis; SPMS, secondary progressive multiple sclerosis; SD, standard deviation.
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" Reference population, age class at CCOD; COVID-19 population, age class at onset of AE.

T Reference population, age at CCOD (partial birth dates, where only year is collected, are imputed with first day of the month where day is missing or first month of
the year where month is missing. ORATORIO-HAND: day of birth was not collected and is imputed with 15th day of month); COVID-19 population, age at onset of AE.

# The three missing cases were manually reviewed after the data cut-off: two cases were grade 2 (moderate) and one case was grade 3 (severe).

5 The three missing cases were manually reviewed after the data cut-off: two cases had recovered/resolved, and one case had not resolved but patient had been
discharged from hospital.

Table A.2
Demographics, symptom severity, and outcomes for COVID-19 cases in patients treated with ocrelizumab in post-marketing settings.
All COVID-19 cases (n=307) Confirmed COVID-19 cases (n=263) Hospitalized COVID-19 cases* (n=100)
Age, years
n 229 200 86
Mean (range) 45.0 (16-84) 45.6 (16-84)" 50.1 (18-84)°
Gender, n (%)
n 307 263 100
Male 94 (30.6) 84 (31.9) 39 (39.0)
Female 171 (55.7) 143 (54.4) 54 (54.0)
Not reported 42 (13.7) 36 (13.7) 7 (7.0)
Type of MS, n (%)
n 307 263 100
Relapsing forms 128 (41.7) 106 (40.3) 43 (43.0)
Progressive forms 47 (15.3) 42 (16.0) 27 (27.0)
Not reported 132 (43.0) 115 (43.7) 30 (30.0)
Geographical location, n (%)
n 307 263 100
Australia 3(1) 3(1.1) 0
Austria 1(<1) 1(<1) 0
Belgium 11 (3.6) 8(3.0) 4 (4.0)
Brazil 4 (1.3) 2 (1) 0
Canada 10 (3.3) 6(2.3) 1(1.0)
Chile 4(1.3) 4(1.5) 1(1.0)
Czech Republic 1(<1) 1(<1) 1(1.0)
Denmark 1(<1) 1(1) 1(1.0)
Dominican Republic 1(<1) 1(<1) 0
Egypt 2() 21 0
Finland* 1(<D) 0 1(1.0)
France 10 (3.3) 10 (3.8) 7(7.0)
Germany 13 (4.2) 9(3.4) 0
Iran 3(D) 2(1) 0
Israel 5(1.6) 4 (1.5) 0
Italy 18 (5.9) 17 (6.5) 7 (7.0)
Mexico 1(<D) 1(<1) 1@1.0
Puerto Rico 1(<1) 1D 1(1.0)
Saudi Arabia 1(<1) 1(<1) 0
Serbia 1(<1) 1(<1) 0
Spain 37 (12.1) 32(12.2) 16 (16.0)
Switzerland 21) 21) 1(1.0)
United Kingdom 4(1.3) 21 0
United Arab Emirates 1(<1) 1(<1) 1Q1.0
United States of America 171 (55.7) 151 (57.4) 57 (57.0)
Case seriousness, n (%)
n 307 263 100
Reported as serious 131 (42.7) 127 (48.3) 100 (100.0)
COVID-19 severity, n (%)
n 307 263 100
Asymptomatic 10 (3.3) 9(3.4) 0
Mild 105 (34.2) 81 (30.8) 3(3.0)
Moderate 28 (9.1) 20 (7.6) 3(3.0)
Severe 52 (16.9) 52 (19.8) 44 (44.0)
Critical 15 (4.9) 15 (5.7) 15 (15.0)
Fatal 17 (5.5) 17 (6.5) 11 (11.0)
Not reported 80 (26.1) 69 (26.2) 24 (24.0)
Outcome for COVID-19, n (%)
n 307 263 100
Recovered 165 (53.7) 145 (55.1) 53 (53.0)
Recovering 46 (15.0) 38 (14.4) 18 (18.0)
Not recovered at time of report 19 (6.2) 17 (6.5) 10 (10.0)
Died 17 (5.5) 17 (6.5) 11 (11.0)
Not reported 60 (19.5) 46 (17.5) 8(8.0)

COVID-19, coronavirus 2019; MS, multiple sclerosis.

" All but one of the cases reported as hospitalized were also reported as confirmed, the only hospitalized suspected case had radiological evidence of COVID-19 but
reported as “suspected COVID, resolved”.

 Calculated on all cases where age was reported (74.6%, n=229).

# Calculated on all confirmed cases where age was reported (76.0%, n=200).

§ Calculated on all hospitalized cases where age was reported (86%, n=86).
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Table A.3
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Patient demographics and disease history of the MS cohort in the real-world data study, stratified by hospitalization and ocrelizumab use in the six months prior to

COVID-19 diagnosis.

Stratified by hospitalization

Stratified by ocrelizumab use

Not hospitalized Hospitalized Non-ocrelizumab-treated MS patients Ocrelizumab-treated MS patients
(n=270) (n=87) (n=309) (n=48)
Age, years
n 270 87 309 48

Median (IQR)
Gender, n (%)
n
Male
Female
Weighted CCI
n
Median (Q1, Q3)
Comorbidities, n (%)
n
Hypertension
Obesity
Diabetes
Individual CCI comorbidities, n (%)
n
AIDS/HIV
Any malignancy
Cerebrovascular disease
Chronic heart failure
Chronic pulmonary disease
Dementia
Diabetes with complications
Diabetes without complications
Hemiplegia/paraplegia
Mild liver disease
Moderate/severe liver disease
Myocardial infarction
Peptic ulcer disease
Peripheral vascular disease
Renal disease
Rheumatic disease
Time, years since MS diagnosis
n
Mean (SD)

Ocrelizumab in past 6 months, n (%)

n
Yes

Time, years since ocrelizumab initiation

n
Mean (SD)

56.0 (44.0, 66.8)

270 87

64 (23.7) 27 (31.0)
206 (76.3) 60 (69.0)
270 87

1.0 (0.0, 3.0) 2.0 (1.0, 5.5)
270 87

139 (51.5) 54 (62.1)
67 (24.8) 26 (29.9)
60 (22.2) 24 (27.6)
270 87
1(0.4) 0 (0.0)
58 (21.5) 20 (23.0)
26 (9.6) 14 (16.1)
32(11.9) 22 (25.3)
68 (25.2) 29 (33.3)
30 (11.1) 14 (16.1)
31 (11.5) 17 (19.5)
56 (20.7) 21 (24.1)
28 (10.4) 23 (26.4)
16 (5.9) 6 (6.9)
2(0.7) 1(1.1)
15 (5.6) 6 (6.9)
6(2.2) 334
37 (13.7) 18 (20.7)
30 (11.1) 13 (14.9)
15 (5.6) 6 (6.9)
270 87

5.7 (3.5) 6.4 (4.0)
270 87

36 (13.3) 12 (13.8)
36 12
1.3(0.8) 1.2 (0.8)

64.0 (53.5, 71.0)

60.0 (49.0, 69.0)

309
76 (24.6)
233 (75.4)

309
2.0 (0.0, 4.0)

309

176 (57.0)
83 (26.9)
78 (25.2)

309
1(0.3)
62 (20.1)
37 (12.0)
52 (16.8)
90 (29.1)
42 (13.6)
71 (23.0)
46 (14.9)
50 (16.2)
21 (6.8)
3(1.0)
20 (6.5)
7 (2.3)
52 (16.8)
42 (13.6)
21 (6.8)

309
6.0 (3.7)

47.5 (40.5, 60.0)

48
15 (31.2)
33 (68.8)

48
1.0 (0.0, 2.0)

48

17 (35.4)
10 (20.8)
6 (12.5)

48

0 (0.0)
16 (33.3)
3(6.2)
2(4.2)
7 (14.6)
2(4.2)
6 (12.5)
2(4.2)
121
121
0 (0.0)
121
2(4.2)
3(6.2)
121
0 (0.0)

48
5.3(3.4)

48
48 (100)

48
1.3 (0.8)

All ocrelizumab-treated patients were included regardless of whether they met the MS case definition. Five ocrelizumab-treated patients did not meet the MS case
definition, and in particular, omitting the requirement for the availability of outpatient data may result in an underreporting of comorbidities for the ocrelizumab

cohort.

CCI, Charlson Comorbidity Index; COVID-19, coronavirus 2019; IQR, interquartile range; MS, multiple sclerosis; Q, quartile; SD, standard deviation.

Table A.4

Patients with fatal outcomes in clinical trial cases of ocrelizumab-treated people with MS.

Patient Age Sex MS Geographical Risk factors EDSS  Case description

number type location

1 21 F RRMS Mexico No 1.5 Cause of death atypical pneumonia possibly due to COVID-19 (SARS-CoV-2
test not carried out). BMI at study entry was
28.3 kg/m?2. Medical history included hyperpolymenorrhea.

2 27 F RRMS Mexico No 2.0 Patient lived with grandparents who both tested positive for SARS-CoV-2 and
died of COVID-19. Medical history included polycystic ovaries, depression,
and anxiety. Patient was prescribed numerous concomitant medications.

3 60 M SPMS Netherlands >50; Hypertension; 6.0 Mechanical ventilation was not pursued as patient had a ‘do not resuscitate’

chronic pulmonary
disease

order. Medical history included chronic obstructive pulmonary disorder,
emphysema, duodenal ulcers, cerebrovascular accident, and depression.

Some of the fatal cases have already been reported in the literature, so numbers from different sources should not be added together due to the risk of duplicate cases.
BMI, body mass index; COVID-19, coronavirus 2019; EDSS, Expanded Disability Status Scale; F, female; M, male; MS, multiple sclerosis; RRMS, relapsing-remitting

multiple sclerosis; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SPMS, secondary progressive multiple sclerosis.
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Table A.5
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Patients with fatal outcomes in post-marketing cases of ocrelizumab-treated people with MS.

Patient Age  Sex MS Geographical Risk factors EDSS  Case description
number type location
1 39 F RRMS USA Diabetes, obesity, cancer NS Nursing home resident with severe cognitive impairment,
depression, anxiety, and left nephrectomy following kidney cancer.
2 43 M NS USA Hypertension NS MS diagnosed in 2003. Several previous DMTs.
3 43 M PPMS USA Hypertension 9.0 Nursing home resident. Several previous DMTs.
4 44 F SPMS USA Not reported 6.0 Former smoker. No further medical history provided.
5 45 F NS Egypt Not reported NS Physician report with no patient or event details. Method of COVID-
19 diagnosis not reported.
6 50 F SPMS Italy No 6.0 No comorbidities but a 27-year history of MS. Several previous
DMTs.
7 51 M NS USA Age >50, hypertension 6.0 African American patient with EDSS of 6. Patient had
hyperlipidemia and hypothyroidism.
8 52 M PPMS USA Age >50, hypertension, 6.5 PPMS diagnosed in 1997. Former smoker.
diabetes, obesity
9 56 F RMS USA Age >50, asthma, diabetes, 6.5 Patient had renal insufficiency.
obesity
10 57 F SPMS USA Age >50, Obesity 7.0 Nursing home resident with 34-year history of MS.
11 58 M NS Serbia Age >50 NS Patient had dementia.
12 60 M NS France Age >50 NS Physician report. No MS or medical history provided.
13 62 M NS Spain Age >50, asthma NS Regulatory Health Authority report. No MS history provided.
14 63 F RRMS USA >50; Hypertension; chronic NS MS history not reported. Several previous DMTs. The patient was a
pulmonary disease; CHD smoker and had a coronary artery stent.
15 66 M SPMS USA Age >50 NS Patient had a 33-year history of MS and was a former smoker with a
history of prostate and testicular cancer.
16 74 M NS Spain Age >50, hypertension NS Regulatory Health Authority report. No MS history provided.
17 Unk Unk NS France Not reported NS Physician report regarding a patient of unknown demography. No

details of the event or the patient were provided.

Some of the fatal cases have already been reported in the literature, so numbers from different sources should not be added together due to the risk of duplicate cases.
CHD, coronary heart disease; COVID-19, coronavirus 2019; DMT, disease-modifying therapy; EDSS, Expanded Disability Status Scale; F, female; M, male; MS, multiple
sclerosis; NS, not specified; PPMS, primary progressive multiple sclerosis; RRMS, relapsing-remitting multiple sclerosis; SPMS, secondary progressive multiple scle-

rosis; Unk, unknown.

Table A.6
EDSS scores for patients treated with ocrelizumab in post-marketing settings.

EDSS Severity of COVID-19

Not reported (n=80) Asymptomatic, mild, or moderate (n=143) Severe (n=>52) Critical (n=15) Fatal (n=17)
Not reported 79 (98.8%) 125 (87.4%) 40 (76.9%) 11 (73.3%) 10 (58.8%)
<3 0 13 (9.1%) 7 (13.5%) 3 (20.0%) 0
>3-5 0 0 2(3.8%) 0 0
>5-6.5 1 (1.3%) 2 (1.4%) 2 (3.8%) 1 (6.7%) 5 (29.4%)
>7 0 3(2.1%) 1 (1.9%) 0 2 (11.8%)

COVID-19, coronavirus disease 2019; EDSS, Expanded Disability Status Scale.
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