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Understanding the impacts of COVID-19 pandemic in people with multiple sclerosis treated 
with ocrelizumab 

A B S T R A C T   

The coronavirus disease 2019 (COVID-19) pandemic, caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has led to major challenges in the 
therapeutic management of patients living with multiple sclerosis (PLwMS), particularly regarding the use of disease-modifying therapies. Despite an extraordinary 
scientific effort to study SARS-CoV-2 in PLwMS, the heterogeneity of COVID-19 manifestations, immunological mechanisms induced by the natural infection or the 
vaccines, and the extent of protection through the vaccines, major knowledge gaps remain. Here, we describe the scientific evidence generation plan developed by 
Roche/Genentech to better understand the impact of the COVID-19 pandemic in PLwMS treated with the B-cell depleting monoclonal antibody ocrelizumab.   

The first patient living with multiple sclerosis (PLwMS) treated with 
ocrelizumab who developed COVID-19 was reported in April 2020 
(Novi et al., 2020). He was a 58-year-old white man, with an Expanded 
Disability Status Scale (EDSS) score of 6.0, diagnosed with primary 
progressive multiple sclerosis (PPMS) in 2009. Prior to ocrelizumab 
treatment every 6 months starting in January 2018, he had received 
interferon beta-1a, glatiramer acetate, and fingolimod. The patient, who 
had a positive PCR test for severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), was hospitalized for three days. A chest X-ray 
showed no infiltrations nor other signs of pneumonia, and arterial blood 
gas test showed normal oxygenation. The patient was treated with 
symptomatic therapy for fever (paracetamol), with a complete remission 
of symptoms within two days. 

At the time of this first case report, the pandemic had only just been 
declared. Little was known about the new SARS-CoV-2, coronavirus 
disease-19 (COVID-19), or immune responses against this new virus, 
including whether an immune memory would develop following infec-
tion, which may confer protection against subsequent infections. Since 
then, with a few hundred thousand articles published, a wealth of 
knowledge has been generated at an unprecedented speed. Nevertheless, 
it is still unknown why, in the general population, some individuals have 
a mild or asymptomatic disease course, whereas others develop severe 
manifestations and even fatal outcomes. 

This uncertainty is more significant for individuals on immunosup-
pressive treatments, including patients on B-cell depleting therapies. 
Ocrelizumab is a humanized anti-CD20 monoclonal antibody approved 
for the treatment of relapsing MS (RMS) and PPMS. It depletes periph-
eral CD20+ B cells, while preserving the capacity for B-cell reconstitu-
tion and pre-existing humoral immunity (Hauser et al., 2017; 
Montalban et al., 2017). 

Safety is of high importance in MS treatment, and understanding the 
potential risks for patients treated with ocrelizumab during this 
pandemic has been a priority from the start. The majority of 
ocrelizumab-treated patients who became infected with SARS-CoV-2 
developed a mild-to-moderate disease course without hospitalization 
(Hughes et al., 2021; Louapre et al., 2020; Sormani et al., 2021), with 
risk factors for severe COVID-19 in line with those reported in the 

general population, including older age, and comorbidities such as 
obesity, diabetes, hypertension, coronary heart disease, chronic pul-
monary or kidney disease, and cancer (Hauser et al., 2021). However, 
there were also PLwMS treated with ocrelizumab who experienced se-
vere or even fatal disease. Despite what we have learned about the 
importance of age and comorbidities associated with more severe pre-
sentations of COVID-19, the reasons for the dramatic variability in 
COVID-19 presentations are yet not understood, neither in 
ocrelizumab-treated patients nor in the general population. 

By the end of November 2020, 613 COVID-19 reports out of the over 
200,000 PLwMS treated worldwide with ocrelizumab had been received 
from the post-marketing pharmacovigilance source in the Roche/Gen-
entech Global Safety Database, in addition to 193 reports out of 3,974 
patients being treated in unblinded Roche/Genentech clinical studies 
(Hauser et al., 2021). 

In the attempt to provide PLwMS treated with ocrelizumab and the 
wider MS community with the answers they need, we developed an 
evidence generation plan around three main scientific questions:  

1) Are people treated with ocrelizumab at a higher risk of developing 
COVID-19, or at higher risk for severe COVID-19?  

2) What is the impact of ocrelizumab on the immune response against 
the virus?  

3) Are vaccines administered to patients receiving ocrelizumab eliciting 
a protective immune response sufficient to provide protection 
against COVID-19 and severe COVID-19? 

The following section details our scientific evidence generation 
strategy. 

1. COVID-19 risk and severity 

In the urgency of the pandemic, the MS community has drawn on 
real-world evidence to study the severity and risk factors for COVID-19 
in PLwMS, to understand how and why different populations contracted 
the disease, the outcomes, and how those vary based on their underlying 
comorbidities and other factors (MS type, disability or type of disease- 
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modifying therapies [DMTs]). Among the breadth of real-world data 
sources, several registries and data-sharing initiatives have been 
implemented to study COVID-19 in PLwMS (e.g., without claim of 
completeness, the Italian MuSC-19 [Sormani et al., 2021], the French 
registry CoViSEP [Louapre et al., 2020], the North American CoViMS 
[Salter et al., 2021], and the MS Data Alliance Global Data Sharing 
Initiative [Peeters et al., 2020]). Studies using electronic health records 
(EHR) or health insurance claims databases have also emerged (Kov-
vuru et al., 2021). 

As described in Table 1, to better understand risk factors for COVID- 
19 and disease severity in patients treated with ocrelizumab, we have 
undertaken a number of initiatives using: i. internal sources such as 
pharmacovigilance data from the post-marketing setting and clinical 
trials; ii. US healthcare databases (EHR linked to claims data); and iii. 
collaborative prospective studies with academic centers. The strengths 
of pharmacovigilance data from the post-marketing setting and clinical 
trial data sources include a broad pool of reporters, global coverage, 
standardized adverse event (AE) reporting, systematic assessment of 
seriousness and severity grading of AEs, and follow-up of cases with 
missing information. However, AE reporting is voluntary and post- 
marketing pharmacovigilance reports often provide incomplete infor-
mation. There is commonly a reporting bias for more significant out-
comes, which may result in an overrepresentation of more severe cases 
(Hughes et al., 2021). For example, positive PCR in asymptomatic pa-
tients is usually not reported as an AE and no testing has been mandated 
in our clinical trials. These factors may help to contextualize the vari-
ability in case fatality rates for ocrelizumab-treated patients observed 
across registry data (ranging from 0/38 [Louapre et al., 2020] and 1/89 
(1.1%) [Sormani et al., 2021] up to 11/484 (2.3%) [Salter et al., 2021]), 
US EHR database 1/48 (2.1%) (Hughes et al., 2021), and that reported 
from our post-marketing data 17/307 (5.5%) and clinical trials 3/51 
(5.9%) (Hughes et al., 2021). Note that overlap between these data 
sources cannot be excluded. Studies implemented in collaboration with 
centers in the US and Switzerland will further explore the clinical course 
and outcomes of COVID-19 across DMTs in real-world cohorts of pa-
tients with MS established prior to the pandemic. Our analyses using 
EHR linked to claims data will investigate clinical risk factors for 
COVID-19 in PLwMS. Commitment to continue understanding 
COVID-19 clinical course in vaccinated versus non-vaccinated ocreli-
zumab-treated patients will continue in the post-vaccination era. 

2. Immunity to SARS-CoV-2 

Although the immune correlates of protection against SARS-CoV-2 
are not yet fully elucidated, broad evidence suggests that cell-based 
immunity (CD4+ T cells, CD8+ T cells) (Tan et al., 2021), in addition 
to neutralizing antibodies (Lucas et al., 2021) contributes to the control 
of SARS-CoV-2 in both non-hospitalized and hospitalized cases of 
COVID-19 (Sette and Crotty, 2021). While antibodies play a role in viral 
clearance and preventing infection, successful recovery from COVID-19 
is also observed in individuals with undetectable or low antibody titers 
(Gallais et al., 2021; Nelde et al., 2021). In addition, the correlation 
between antibody titers and COVID-19 severity is still controversial and 
the absence of antibodies, the serum titers of which vary over time, 
appears not to translate into absence of immunity (Rydyznski Moder-
bacher et al., 2020; Sette and Crotty, 2021). 

Early in the pandemic, concerns were raised regarding the effect of 
immunosuppressive or immunomodulatory agents, the mainstay treat-
ment for MS, on the antiviral response of PLwMS. Given the B-cell 
depleting effect of ocrelizumab, understanding how ocrelizumab may 
affect the development of SARS-CoV-2-specific immune responses 
following infection or vaccination is of particular importance. Attenu-
ated or even undetectable antibody responses in patients treated with 
ocrelizumab following SARS-CoV-2 infection have been reported 
(Conte, 2021). These results are not unexpected given the mechanism of 
action of ocrelizumab. Moreover, T-cell responses against SARS-CoV-2 

appeared not to be affected by anti-CD20 treatment in an initial report 
(Asplund Högelin et al., 2021). 

We are collaborating with several academic partners with the com-
mon goal of characterizing the immune response against SARS-CoV-2 
following infection in PLwMS treated with ocrelizumab (Table 1). 
Using both gold-standard methodologies and cutting-edge technologies 
to assess antibody and T-cell responses, we aim to get clarity on the 
impact of ocrelizumab on the quantity, quality, and longevity of the 
immune response against SARS-CoV-2, and potential influence of time 
on ocrelizumab or time since last infusion. 

Preliminary data suggest that PLwMS receiving ocrelizumab develop 
an immune response (antibodies and/or T cells) against SARS-CoV-2 
that persisted up to more than nine months after infection in some pa-
tients (Kister et al., 2021). Anti-SARS-CoV-2 antibodies were detected in 
58% of the patients receiving ocrelizumab and 97% in patients receiving 
other DMTs (as determined with Elecsys anti-SARS-CoV-2 assay), and 
neutralizing antibodies (using a live virus assay) were detectable in 62% 
of the patients receiving ocrelizumab and 84% of patients treated with 
other DMTs, although at lower titers in ocrelizumab-treated patients. 
Since the biological role of anti-SARS-C>oV-2 antibodies is yet to be 
fully understood, the clinical significance of these preliminary findings 
remains to be elucidated. Importantly, functional SARS-CoV-2-specific T 
cells, producing the cytokines interferon-γ and interleukin-2, were 
detected (by T-cell ELISpot) in more than 80% of ocrelizumab-treated 
patients and did not differ from those detected in PLwMS treated with 
other DMTs. Further results from this study and from other collaborative 
studies will be published once available. 

3. COVID-19 vaccination 

The development of a protective immune response following vacci-
nation involves multiple mechanisms in which T and B cells are variably 
involved (Sette and Crotty, 2021). As discussed in a recent editorial in 
this journal (Vishnevetsky et al., 2021), understanding the relative 
contributions of humoral and cellular immunity to the protective 
response elicited by COVID-19 vaccines will help guide management 
decisions in patients receiving anti-CD20 therapies such as ocrelizumab. 
Several COVID-19 vaccines, including the mRNA vaccine BNT162b2, 
elicit robust antibody and T-cell responses (Sahin et al., 2020). 
Vaccine-induced neutralizing antibody titers were found to be predictive 
of immune protection from symptomatic infection (Khoury et al., 2021). 
However, antibodies may not be strictly necessary for protection 
(Vishnevetsky et al., 2021), as observed by the early efficacy 12 days 
after one dose of BNT162b2 (Polack et al., 2020), when neutralizing 
antibodies are still not detected (Sahin et al., 2020). This may be 
explained, at least in part, by the robust T-cell response induced after 
one dose of BNT162b2 (Kalimuddin et al., 2021). 

Data from our Phase III studies show that pre-existing humoral im-
munity is not affected by ocrelizumab treatment (Ziemssen et al., 2017). 
In a recent vaccination study (VELOCE), PLwMS treated with ocrelizu-
mab were able to produce a protective antibody response, albeit atten-
uated, to various (non-COVID-19) non-live vaccines and the neo-antigen 
keyhole limpet hemocyanin (Bar-Or et al., 2020). Other immune re-
sponses, such as cellular responses, were not investigated in VELOCE 
and remain an important unanswered question. Therefore, the priority 
in our COVID-19 evidence generation plan is to provide a comprehen-
sive assessment of both cellular (namely T cells) and humoral immunity 
induced by COVID-19 vaccines. Antibody responses to COVID-19 vac-
cines may be attenuated in ocrelizumab-treated patients, as recently 
shown (Achiron et al., 2021; Guerrieri et al., 2021); however, as dis-
cussed above, this may not translate into a lack of efficacy, in particular 
against severe disease (Vishnevetsky et al., 2021), given that ocrelizu-
mab is not expected to affect other immune components elicited by these 
vaccines. Indeed, evidence is emerging that PLwMS treated with 
anti-CD20 generate T-cell responses (CD4 and CD8) after COVID-19 
mRNA vaccination (Apostolidis et al., 2021). 
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To this end, we have initiated an exploratory vaccination objective in 
three global Phase IIIb/IV ocrelizumab studies in which consenting 
patients will take part in blood analyses at various time points before 
and after vaccination Table 1). We aim to shed light on the effect of 
ocrelizumab on different arms of the immune response elicited by vac-
cines, the longevity of the response, the potential impact of time since 
last ocrelizumab infusion with respect to vaccination, the potential 
impact of ocrelizumab therapy duration, and the potential variability of 
immune responses elicited by the multiple vaccine platforms. 

In addition, we have partnered with centers around the world in 
multiple collaborations to study T-cell responses as well as antibody 
responses to various COVID-19 vaccines (Table 1). Through these sci-
entific collaborations, we hope to provide the MS community with a 
better understanding of the immune response following COVID-19 
vaccines in PLwMS treated with ocrelizumab. A better understanding 
of the potential effects of timing of COVID-19 vaccination relative to 
ocrelizumab infusion schedule, also planned in these studies, may also 
provide treatment strategy elements for the community that wishes to 
continue to control MS as best as possible, while reaching levels of 
COVID-19 immunity that are deemed satisfactory. In this regard, in-
formation on characteristics of any potential COVID-19 infections post- 
vaccination will be also monitored in the above-mentioned studies. 

In conclusion, major questions regarding clinical outcomes of 
COVID-19 and the immune response to SARS-CoV-2 and to COVID-19 
vaccines in PLwMS treated with ocrelizumab remain unanswered. The 
evidence generation plan described here will help the MS community to 

address these important questions and increase the understanding of the 
impact of COVID-19 on PLwMS treated with ocrelizumab, with new data 
planned to be released as soon as they become available. 
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3,974 on OCR  √   √ a  Any locally 
approvede 
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AE, adverse event; AZ, AstraZeneca; COVID-19, coronavirus disease 2019; DMT, disease-modifying therapy; J&J, Johnson and Johnson; LatAm, Latin America; MS, 
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b Approximate number of COVID-19 patients in Italian registry and MS centers as of June 15, 2021. 
c Planned to enroll up to 300 patients on ocrelizumab depending on feasibility. 
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e All types of SARS-CoV-2 vaccine that will be administered to patients with MS in therapy receiving ocrelizumab as per local national guidelines. 
f Immunology analysis will be conducted in a subset of patients. 
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