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Abstract

Background: Ocrelizumab and rituximab are frequently used treatments for multiple sclerosis (MS). Data
on switching from rituximab to ocrelizumab is limited.

Objectives: To assess the frequency, severity, and factors of infusion related reactions (IRRs) in patients
with MS who switch from rituximab to ocrelizumab, compared to those who stay on rituximab.
Methods: Prospective study on MS patients aged 18—65, on rituximab for at least 2 cycles, who either
switched to ocrelizumab (switch group) or stayed on rituximab (comparator group) (n=100 each).
Participants were followed for IRRs, safety, and tolerability over 12 months.

Results: The proportion of IRRs in patients who continue on rituximab (14%) were similar to those who
switched to ocrelizumab on Day 1 (14%; p =1.000) and Week 24 (12%; p =0.647) but higher than at Day
15 (4%; 0.005). The risk of IRRs for the switch group was associated with the presence of B cells (CD19
and/or CD20 counts >1%) increasing by 5.01 (1.49, 16.82) times on Day 1 (p=0.007). Antidrug anti-
bodies to ocrelizumab were not associated with IRRs. No other safety concerns were identified in switch-
ing to ocrelizumab.

Conclusion: IRRs are similar between both groups, which suggests that it is safe to switch from rituximab

to ocrelizumab.
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Introduction

The treatment of multiple sclerosis (MS) with B-cell
directed therapies that target CD20 have proven benefi-
cial.' Rituximab, a chimeric monoclonal antibody
(mAb), has been used off-label in the treatment of MS
with the phase 2 HERMES study showing reductions
in contrast enhancing lesions and the proportion of
patients that were relapse free,” and the phase 2/3
OLYMPUS study demonstrating further safety and pos-
sibly some benefit in decreasing disability progression in
primary progressive patients in subgroups that were
younger or those with contrast enhancing lesions.’
Ocrelizumab is a humanized mAb associated with
increased antibody-dependent cell-mediated cytotoxic
effects and reduced complement-dependent cytotoxic
effects as compared to rituximab.* As a humanized mole-
cule, ocrelizumab is expected to be less immunogenic

with repeated infusions and thus may present a more
favourable safety profile when compared to rituximab.’

The HERMES group showed that a significantly
higher number of patients in the rituximab group
versus the placebo group had infusion related reaction
(IRR) events within 24 hours after the first infusion
(78.3% vs 40.0%). However, the rate of IRR after
the second dose two weeks later decreased to
20.3%. For all IRRs on rituximab, 92.6% were classi-
fied as grade 1 or 2 with the remaining 7.4% being
grade 3. Other studies on MS patients treated with
rituximab report a 19%-26% rate of IRRs classified
as grade 1 or 2, with no IRRs classified as >3.5°

Data from the OPERA I and II and ORATORIO
phase 3 trials on ocrelizumab for relapsing and
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progressive MS patients showed that IRRs were the
most common adverse events (AEs).'® The percentage
of relapsing MS patients experiencing IRRs was
higher in the ocrelizumab group compared with the
interferon p-1a group (34.3% vs. 9.7%) in the OPERA
studies* and compared to placebo (39.9% vs 25.5%)
in ORATORIO.'"" The rate of IRRs was highest
during the first infusion and decreased over time with
subsequent infusions for the ocrelizumab group.10 The
reported IRRs were primarily mild to moderate in sever-
ity in both studies. Severe IRRs for participants treated
with ocrelizumab occurred in 2.4% and 1.2% of relap-
sing and progressive patients, respectively.

With the FDA approval of ocrelizumab in March
2017, patients treated with rituximab were some-
times switched to ocrelizumab for a variety of
reasons, such as insurance preference, availability
due to FDA approval, and/or increased comfort.
The worldwide use of ocrelizumab continues to
grow with over 200,000 MS patients treated globally
as of April 2021.'%' Ocrelizumab is the only MS
disease modifying agent approved for the treatment
of relapsing forms of MS, active secondary progres-
sive MS (SPMS), clinically isolated syndrome
(CIS), and primary progressive MS (PPMS) in the
United States. Ocrelizumab is approved for active
relapsing forms of MS and early PPMS in the
European Union (EU). Rituximab continues to
remain a first line treatment in Sweden,14 and it is
commonly used off-label in the US to treat MS,
although the dosing remains variable. In the United
States, rituximab is covered in some states by
Medicaid and Medicare as well as some commercial
payers including Kaiser Permanente.
Immunogenicity results from the OPERA I and II
trials showed that only 3 patients (0.4%) showed
treatment-induced anti-drug antibodies (ADA) to
ocrelizumab.” Of these, 1 patient tested positive
for neutralizing antibodies (NAB) to ocrelizumab.
During the open label extension phase, the preva-
lence of ADA continued to remain low with post
baseline incidence of 1.9% (2/103 with treatment
induced ADA). Currently there is little evidence
examining the prevalence of treatment-induced
ADAs to both rituximab and ocrelizumab in patients
that switch from the former.

It is therefore important to demonstrate whether
switching from a chimeric anti-CD20 to a fully huma-
nized anti-CD20 leads to an unexpected increase in
infusion reactions. Accordingly, we examined IRRs
in patients who switched from rituximab to ocrelizu-
mab compared to those continuing on rituximab,

specifically to explore the magnitude of the IRRs
and subsequent tolerability of ocrelizumab in a real-
world population. Factors associated with IRRs
were also explored.

Materials and methods

Study population

Patients with relapsing or progressive forms of MS,
aged 18-65, were recruited from the Rocky
Mountain MS Center at the University of Colorado
and who were on rituximab for at least 2 courses
given 6 months apart, with the last dose having
been administered within 12 months of screening.
Participants were enrolled after a clinical decision
was made with their provider about whether they
would continue on rituximab or switch to
ocrelizumab.

Study design

This prospective open-label cohort trial in MS
patients (Figure 1) was approved by the Institutional
Review board. Participants who switched from ritux-
imab to ocrelizumab (switch group) and those who
stayed on rituximab (comparator group) were
matched 1:1 on gender and age. See Figure 1 for
the schedule of events. Patients in the switch group
received the split first dose of ocrelizumab of
300 mg on Day 1 and Day 15, followed by 600 mg
at Week 24. Participants in the comparator group con-
tinued with standard of care rituximab, which
included safety labs and IRR information. Infusion
premedication consisted of 50 mg oral diphenhydra-
mine, 1000 mg oral acetaminophen and 100 mg intra-
venous methylprednisolone, which could be modified
at the discretion of the treating neurologist

Infusion related reactions (IRRs)

Following each infusion, nursing staff recorded IRRs
using the National Cancer Institute’s Common
Terminology for Adverse Events Scale: 0 =No infu-
sion reaction; 1 =Mild reaction, infusion interruption
not indicated, intervention not indicated; 2 = Requires
therapy or infusion interruption but responds
promptly to symptomatic treatment; prophylactic
medications indicated for 24 hours, 3 =Prolonged,
recurrence of symptoms following initial improve-
ment, hospitalization indicated for other clinical
sequelae; 4 =Life threatening consequences, urgent
intervention indicated; 5 = Death.'® The post-infusion
observation period was 1| hour for both groups.
Patient self-assessment of IRRs was also captured.

www.sagepub.com/msjetc



Alvarez et al.

5 z Visit Assessments
Ocrelizumab (Switch) Group Screening Visit:
N=100 - Informed Consent
- Medical/Physical Exam
Medical/Physical E:
I - Demographics/MS Disease History
- Concomitant Meds
- Hepatitis Band C
| 5 s
I - TBtest
= a | 3(;0 mg 3(:0 mg 6(:(())215 Blood - EDSS & PDDS
§ -% | OROCR alOCR o Draw Post-screening Visits:
w3 - Blood draw
= E | ¢ . & L] - Concomitant Meds
g vital Si
=9 I Day1 Dpayis Week 24 Week 52 - Mitaldigns
g_ £ - IRRs/AEs
g = | 1 - PDDS (Week 52 only)
=) I 1
>z — .
x|
Nl [ Day1 Week 24 Visit Assessments ‘
| Standard of Standard of = [Follow/up assessiriefits
Care RTX Care RTX performed per standard of care ‘
I & are_ = are_ - IRRs collected via medical record
infusion infusion
|
‘ Rituximab (Comparator) Group
Screening Visit N =100

Figure 1. Study design. One hundred patients with multiple sclerosis (MS) were recruited into the switching group to
receive ocrelizumab where they were followed for a year and into the comparator group where they continued rituximab and
were followed for two infusions. OCR = ocrelizumab, RTX = rituximab, EDSS = Expanded Disability Status Scale,
PDDS = Patient Determined Disease Steps, IRR = infusion related reaction, AEs = adverse events.

Laboratory assessments

Safety labs included a negative tuberculosis, Hepatitis
B, and C recorded in the patient’s chart in the 3 years
prior to the screening visit, or it was drawn 30 days
prior to infusion. Once enrolled, pre-infusion labs
included complete blood count with differential, B
and T cell subsets, complete metabolic panel, and
an immunoglobulin panel measured at the
University of Colorado Hospital Laboratory.
Anti-ocrelizumab, and anti-rituximab
binding-antibodies were measured in patients who
switched to ocrelizumab at baseline and week 24 by
PPD Bio A Laboratories (Richmond, VA) and by
QPS (Groningen, Netherlands), respectively.

Physical disability assessments

The Expanded Disability Status Scale (EDSS) was
used to assess for the disability status of MS patients
using unbiased clinical raters in the baseline visit.'®
Additionally, the Patient-Determined Disease Steps
(PDDS) was completed by the patient in both study
groups and was administered at the screening and ter-
mination visits (Week 24)."”

Statistical analysis

Categorical variables were compared between treat-
ment groups with chi-square/Fisher’s exact associ-
ation tests, and continuous variables were compared
between treatment groups with T-tests. The 1% and

2" comparator infusions were similar and combined
as one group. Relative risk models were fit for the
dichotomized IRR outcomes (present/absent), with
the groups: Rituximab, Ocrelizumab Day 1,
Ocrelizumab Day 15, and Ocrelizumab Week 24, as
the explanatory variables. Generalized estimating
equations (GEE), with robust variance estimation,
incorporated repeated measures correlation within
the same patient. Additional GEE relative risk regres-
sion models adjusted for number of previous rituxi-
mab infusions (time varying), treatment interaction
with log of number of previous rituximab infusions
(time varying), baseline age, gender, MS duration,
BMI and/or B-cell reconstitution, if either CD19 +
and/or CD20 + were >1%. Number of previous ritux-
imab infusions was logarithmically transformed
because of its skewed distribution, as every patient
started with a minimum of two. Significance was set
at alpha=0.05. Tests were performed univariately
(without multiple testing adjustment) and in multi-
variate models. Models were selected with backwards
elimination. Statistics were performed in SAS 9.4.

Results

Enrolment took place over 12 months (1/30/17-2/6/
18) and details of study participation are shown in
Figure 2. The baseline characteristics were similar
between the patients who stayed on rituximab (com-
parator) arm (n=100) and those that changed their
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Figure 2. Patient recruitment and enrollment flow chart. For the ocrelizumab (switch) group, 7 patients were lost to follow
up at the 12 month visit and lab data was available for only 98 patients on Day 1. n=number.

therapy to ocrelizumab (switch) group (n=100) as
seen in Table 1 at the start of the study. The mean
MS disease duration was 11.3 years (SD=7.9).
Over 90% of participants had been on other treat-
ments prior to starting rituximab with a mean duration
of rituximab of 2.4 years (SD =1.4) and number of
doses of 4.4 (SD=2.7). Mean time since last rituxi-
mab infusion was 219 days (SD =57) in the switch
group and 194 days (SD=45) in the comparator
group (p =0.0006).

The percent of IRRs in the comparator group (14%),
was similar to the switching group on Day 1, (14%,
p=1.00) and on Week 24 (12%, p=0.65)
(Figure 3). Patients in the switch group receiving
the second half of the split dose of ocrelizumab on
Day 15 had fewer IRRs (4%; p=0.0075, 0.0209,
and 0.0053 for comparison to switching group day
1, switching group week 24, and comparator group
respectively). Twenty-one out of 100 patients (21%)
in both the switching group and the comparator
group had at least one IRR during the 12-month
period of the study (p=1.00). No differences were
found in IRRs between comparator and Day 1 or
week 24 of the switch group, or between Day 1 and
Week 24 within the switching group when further
analyses were modeled with covariate adjustments

for age, gender, MS disease duration, and BMI. The
severity of IRRs were all between 0 (none) and 2
(moderate) with no participants in the comparator or
switch groups having an IRR >3 that required hospi-
talization (Supplementary Table 1). Six of the 12
patients who had an infusion reaction at week 24
also had an IRR on Day 1.

For patients in the switch group, safety monitoring
bloodwork is summarized in Table 2. the proportion
of patients with IgG levels <500 mg/dL did not appre-
ciably change during the study period: 7.1% on day 1,
6.0% on week 24 and 5.5% at month 12. The propor-
tion of switching patients with CD19 counts <1%
increased from 57.1% on Day 1 to 92.0% at Week
24 and 90.3% at 12 months. Similarly, the proportion
of switching patients with CD20 counts <1%
increased from 56.7% on Day 1 to 92.0% at Week
24 and 88.6% at 12 months. This was associated
with a longer mean time since last infusion in the
switch group on day 1 of 219 days (SD =57) versus
the expected 180 days if infused every 6 months.
There were no differences from Day 1 to week 52
in mean IgA, IgG or IgM. However due to the right
skew in the data, the geometric (transformed) means
of IgA and IgM decreased statistically significantly
from Day 1 to Week 52 by 3.2% [(0.6, 5.8); p=

www.sagepub.com/msjetc
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Table 1. Patient baseline demographics. n = number, SD = standard deviation, IQR = interquartile range, NA =
not available, MS = multiple sclerosis, DMT = disease modifying therapy.

0.012] and 5.8% [(2.7, 8.9); p<0.001], respectively.
The geometric mean of IgG had a non-statistically
significant drop of 5.3% [(-1.7, 11.7); p=0.171].

We examined factors associated with IRRs (Table 3)
on Day 1 in the switching group. Univariately, the risk
of an IRR decreased by 7.1% [risk ratio=10.929;

(0.856, 1.008); p=0.044] per year of MS duration.
The risk of IRR was 26.83% in patients having evi-
dence of B cell reconstitution (defined as having
CD19 and/or CD20 counts >1%), compared to only
5.36% of the non-reconstituted patients [risk ratio =
5.0081; (1.491, 16.818); p=10.007]. In a multivariate
model, B cell reconstitution, adjusting for the number

www.sagepub.com/msjetc
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Figure 3. Proportion of patients with an infusion related reaction. The relative risks and p values are indicated with
significant comparisons shown in red for patients who stayed on rituximab (comparator group) or those who switched to

ocrelizumab.

of the log of the prior rituximab infusions, time since
last rituximab infusion, age, gender, MS disease dur-
ation, and BMI, increased the risk of IRR by 287.2%
[risk ratio =3.872, (1.208, 12.404) p value =0.0198].
Backward elimination, starting from the full model,
eliminated all explanatory variables for an increased
the risk of IRR except B cell reconstitution
(Table 3). The same analysis could not be applied to
Week 24 of the switching group because there were
too few B cell reconstituted patients (n=38).
However, at Week 24 for the 12 patients with an
IRR, 6 had an IRR at Day 1 (Kendal Tau correl-
ation=0.379, p=0.0015). B cell data was not avail-
able for the comparator group.

Only one patient was found to have antidrug anti-
bodies to ocrelizumab. These antibodies were
already present on Day 1 prior to ocrelizumab expos-
ure and were still present at week 24. This patient did
not have an infusion reaction and was CD19 and
CD20 depleted (<1%). Six additional patients had a
positive test on screening, and only one of these
patients had an IRR. Anti-ocrelizumab antibodies
were not associated with IRR (p=1.000), or with
CD19 or CD20 repletion (p=0.233 and 0.135,
respectively).

Of the 100 participants who switched to ocrelizumab,
16 had ADA to rituximab at Day 1, which decreased
to 7 participants by week 24 with 5 having them at
both time points (p value of McNemar test=

0.0386). An increased number of rituximab infusions
prior to switching to ocrelizumab (log scale) was
associated with a decreased chance of rituximab anti-
bodies [risk ratio=0.250 per doubling of rituximab
infusions, (0.069, 0.909); p=0.003]. Each increase
by 7 days since the last rituximab infusion was asso-
ciated with a decrease in the chance of screening anti-
ocrelizumab antibodies by 21.8% [(4.7, 35.9); p=
0.026].

Adverse events (AEs) besides IRRs reported during
the study are presented in Supplementary Table 2.
The most common AEs experienced by participants
in this trial were upper respiratory infections, head-
ache/migraine, nausea, numbness in extremities, and
fatigue. No Serious AEs (SAEs) were reported, and
no patients dropped out due to an adverse drug
experience.

Discussion

Rituximab has been used as an off-label treatment for
MS in some MS centers since completion of the
HERMES and Olympus trials. Since approval of ocre-
lizumab in March of 2017, it has become the most
commonly prescribed treatment for MS in patients
starting a new treatment in the United States.'
Switching between these two anti-CD20 mAbs has
become commonplace as patients change insurance.
Here we show that safety and tolerability are compar-
able when switching from rituximab to ocrelizumab.

www.sagepub.com/msjetc
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Table 2. Comparison of safety laboratories at Day 1, week 24, and week 52. Units for each row are listed only

for the reference range column. SD = standard deviation.

Our results demonstrate that there is no increase in
frequency or severity of IRRs when switching from
rituximab to ocrelizumab. The IRR rate and severity
with the first 300 mg dose of ocrelizumab (14%) or

www.sagepub.com/msjetc

600 mg at 24 weeks (12%) was similar to those in
patients who continued on to received rituximab infu-
sions (14%). These patients who had prior anti-CD20
exposure had a lower rate of IRRs than treatment
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Table 3. Factors influencing the risk of IRRs on Day 1. Univariate, multivariate, and multivariate analysis with
backward elimination models are presented. *The only factor that remained in the multivariate analysis with
backward elimination was B cell reconstitution CD19 and/or CD20 >1%.

Univariate Analysis

Multivariate analysis (All
variables included)

Multivariate Analysis*
(Backward elimination)

P
Factors Risk ratio P value Risk ratio P value Risk ratio value
Age (per year) 1.007 0.728 1.020 0.318 --
(0.968, (0.982,
1.048) 1.059)
Gender (Male vs 1.523 0.424 1.170 0.714 --
Female) (0.577, (0.509,
4.020) 2.687)
MS Duration (per 0.929 0.044 0.944 0.133 --
year) (0.856, (0.878,
1.008) 1.016)
BMI (per 5 units) 1.096 0.626 0.997 0.985 --
(0.805, (0.721,
1.493) 1.379)
Number of Prior 0.548 0.065 0.867 0.678 --
Rituximab (0.270, (0.435,
Infusions 1.112) 1.726)
(Doubling)
Days since last 1.050 0.128 1.029 0.298 --
Rituximab Infusion (1.005, (0.983,
(per 7 Days) 1.097) 1.077)
CD19 and/or CD20 5.008 0.007 3.872 0.020 5.008 0.007
>1% (Yes vs No) (1.491, (1.208, (1.491,
16.818) 12.404) 16.818)

naive patients receiving the first 300 mg dose of ocre-
lizumab in the OPERA studies where 27.5% of sub-
jects had an IRR.* Similar to the current study, most
IRRs in the OPERA trials were evaluated to be mild
to moderate and occurred mainly with the first dose
of ocrelizumab. In OPERA, 1.7% of patients had
severe reactions with one life-threatening IRR,
which we did not observe in this study, but were
not powered to detect. The overall IRR rates were
similar to those seen in other studies such as
ORATORIO for progressive MS patients'® (27.4%
for the first infusion) and ENSEMBL PLUS'®
(23.1% in the conventional infusion and 24.6% in
the shorter infusions at Day 1). The rate of IRRs in
subsequent infusions in more observational (and less
controlled) trials for a rapid infusion protocol are
more variable ranging from 12.4% in the CHORDS
study to 48.4% in the SaROD study.'® However, the
frequency and length of follow up differed quite sub-
stantially between these trials such at the reporting
probably was higher in OPERA where participants

were followed every 4 weeks via phone along with
an ascertainment bias in studies specifically designed
to look at IRRs and especially those that were open
label such as SaROD. These results suggest that
there does not appear to be a difference in IRR rate
or severity between a chimeric anti-CD20 mAb
versus a humanized mAb with increased antibody-
dependent cell-mediated cytotoxic activity.

This is a pragmatic study and was limited by the
nature of the comparator group, as we utilized a
sample of convenience. Although we did not have
any IRRs rated above 2, it is still a relatively small
sample and thus does not rule out the possibility of
more severe IRRs occurring on rare occasions for
patients on anti-CD20 mAbs. Additionally, as we
enrolled participants after the decision to either
remain on rituximab or switch to ocrelizumab was
made, which could include some selection bias as
the patients who switched may have had more reac-
tions on rituximab, for example. The main reason,

www.sagepub.com/msjetc
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however, for switching was due to insurance changes
due to the FDA approval of ocrelizumab.
Measurement bias may have resulted in differences
on IRR, as the rituximab patients received their infu-
sions as standard of care while ocrelizumab patients in
the switch arm were infused in a research unit. To
help minimize this, a training was conducted for infu-
sion nurses at both locations on measuring IRRs.
ADAs were evaluated in this study but were not
found to be associated with IRRs. Seven patients
had anti-ocrelizumab antibodies on screening and
only 1 was confirmed to have these antibodies. This
patient did not have an IRR and was still B-cell
depleted making the significance of these antibodies
unknown. These antibodies may be associated with
serum sickness,?® but the lack of a commercial test
limits the ability to assess this for ocrelizumab.
However, these antibodies have been associated
with serum sickness in rituximab,?! which can be
tested commercially. Serum sickness is an immune-
complex mediated hypersensitivity reaction that
occurs 7-10 days after an infusion. Antibodies to
rituximab, as expected, were not found to be asso-
ciated with IRRs to ocrelizumab but were also not
found to be associated with B cell reconstitution.
However, patients who had longer exposure to ritux-
imab were found to have a higher likelihood of having
anti-rituximab antibodies. Lower levels of rituximab
have been previously associated with the formation
of these antibodies in rheumatoid arthritis patients,
which did not affect clinical outcomes.**

The only factor that did associate with having IRRs
was the presence of B-cells. This is suggested by the
much lower rate of IRR in the second dose of the
initial course of infusions with ocrelizumab seen
in this study (4%), as well as in OPERA (4.7%)
and ORATORIO (7.3%).'> We could explore this
further on Day 1 of this study, as some participants
had a delay in getting their infusions and began to
have B-cell reconstitutions. In a multivariate ana-
lysis, the only factor associated with IRRs was
found to be a CD19 and/or CD20 count >1%. At
subsequent infusions, IRRs were associated with
having had a prior IRR.

In this study, we report good safety and tolerability in
switching from rituximab to ocrelizumab. No new
safety concerns were identified in this study and
IRRs were similar when switching treatments in
patients with MS. Many patients with IRRs will
tend to push off infusions but this study suggests
that patients with IRRs should be infused on a more
regular and possibly frequent schedule to minimize

the chance of reconstitution. Specifically, patients
switching from rituximab to ocrelizumab should be
infused around 6 months from their last infusion or
at least not have their infusions extended to minimize
IRRs if their B-cells are reconstituting prior to their
next infusions.

Declaration of conflicting interests

The author(s) declared the following potential conflicts of
interest with respect to the research, authorship, and/or publi-
cation of this article: Enrique Alvarez, MD has received com-
pensation for activities such as advisory boards, lectures and
consultancy with the following companies and organizations:
Actelion/Janssen, Bayer, Biogen, Celgene, EMD Serono,
Genentech, Genzyme, Novartis, and TG Therapeutics. He
has received research support from the following: Biogen,
Genentech, Novartis, TG Therapeutics, Patient Centered
Outcomes Research Initiative (PCORI) and Rocky
Mountain MS Center. Kavita V Nair, PhD consults for
Bristol Meyers Squibb, Novartis, Genentech, Biogen and
EMD Serono and has grants from Genentech, Novartis and
Bristol Meyers Squibb. John Corboy, MD has received com-
pensation for activities such as advisory boards, lectures and
consultancy with the following companies and organizations:
Mylan, Novartis, Prime CME, Rocky Mountain MS. He has
received research support from the following: MedDay,
Novartis, National MS Society, Patient Centered Outcomes
Research Initiative (PCORI). Timothy Vollmer, MD has
received compensation for lectures and consultancy with
the following: Biogen IDEC, Genentech/Roche, Siranax,
Celgene, EMD Serono and Novartis. He has received research
support from the following: Rocky Mountain MS Center;
Biogen; Actelion; Roche/Genentech; F. Hoffman-La Roche,
Ltd and TG Therapeutics, Inc. The remaining authors
declare that they have no conflicts of interest.

Funding

This study was an investigator sponsored trial funded by
Genentech.

ORCID iD

Rebecca Seale (2 https:/orcid.org/0000-0001-6855-6329

Supplemental material

Supplemental material for this article is available online.

References

1. Voge NV and Alvarez E. Monoclonal antibodies in
multiple sclerosis: present and future. Biomedicines
2019; 7: E20.

2. Hauser SL, Waubant E, Armold DL, et al. B-cell deple-
tion with rituximab in relapsing—remitting multiple
sclerosis. N Engl J Med 2008: 358: 676-88.

3. Hawker K, O’Connor P, Freedman MS, et al.
Rituximab in patients with primary progressive multi-
ple sclerosis: results of a randomized double-blind

www.sagepub.com/msjetc


https://orcid.org/0000-0001-6855-6329
https://orcid.org/0000-0001-6855-6329

Multiple Sclerosis Journal—Experimental, Translational and Clinical

10.

11.

12.

placebo-controlled multicenter trial. Ann Neurol 2009;
66: 460-471.

. Hauser SL, Bar-Or A, Comi G, et al. Ocrelizumab

versus interferon Beta-1a in relapsing multiple sclero-
sis. N Engl J Med 2017; 376: 221-234.

. Kappos L, Li D, Calabresi PA, et al. Ocrelizumab in

relapsing-remitting multiple sclerosis: a phase 2, rando-
mised, placebo-controlled, multicentre trial. Lancet
2011; 378: 1779-1787.

. Dunn N, Juto A, Ryner M, et al. Rituximab in multiple

sclerosis: frequency and clinical relevance of anti-drug
antibodies. Mult Scler 2018; 24: 1224-1233.

. Yamout BI, El-Ayoubi NK, Nicolas J, et al. Safety and

efficacy of rituximab in multiple sclerosis: a retrospec-
tive observational study. J Immunol Res 2018; 2018:
€9084759.

. Alping P, Frisell T, Novakova L, et al. Rituximab

versus fingolimod after natalizumab in multiple sclero-
sis patients. Ann Neurol 2016; 79: 950-958.

. Vollmer BL, Wallach Al, Corboy JR, et al. Serious

safety events in rituximab-treated multiple sclerosis
and related disorders. Ann Clin Transl Neurol 2020;
7: 1477-1487.

Mayer L, Kappos L, Racke MK, et al. Ocrelizumab infu-
sion experience in patients with relapsing and primary
progressive multiple sclerosis: results from the phase 3
randomized OPERA I, OPERA 1I, and ORATORIO
studies. Mult Scler Relat Disord 2019; 30: 236-243.
Montalban X, Hauser SL, Kappos L, et al. Ocrelizumab
versus placebo in primary progressive multiple sclero-
sis. N Engl J Med 2017; 376: 209-220.

New Data Further Reinforce Genentech’s Ocrevus
(ocrelizumab) as a highly effective treatment for
people with multiple sclerosis, https:/www.businesswire.
com/news/home/2020091000608 1/en/New-Data-Further-
Reinforce-Genentech%E2%80%99s-Ocrevus-ocrelizumab-
as-a-Highly-Effective-Treatment-for-People-With-Multiple-
Sclerosis (2020, accessed 16 December 2020).

13.

14.

15.

17.

18.

19.

20.

21.

22.

Genentech: Press Releases | Thursday, Apr 15, 2021,
https:/www.gene.com/media/press-releases/14905/
2021-04-15/new-data-for-genentechs-ocrevus-ocrelizu
(accessed 12 July 2021).

Granqvist M, Boremalm M, Poorghobad A, et al.
Comparative effectiveness of rituximab and other
initial treatment choices for multiple sclerosis. JAMA
Neurol 2018; 75: 320-327.

National Cancer Institute. National Cancer Institute
Updates CTCAE to v.4.0, http:/www.oncology.tv/
SymptomManagement/NationalCancerlnstituteUpdates
CTCAEtov403.aspx (accessed 4 May 2020).

. Kurtzke JF. Rating neurologic impairment in multiple

sclerosis: an expanded disability status scale (EDSS).
Neurology 1983; 33: 1444-1444.

Learmonth YC, Motl RW, Sandroff BM, et al.
Validation of patient determined disease steps
(PDDS) scale scores in persons with multiple sclerosis.
BMC Neurol 2013; 13: 37.

Hartung H-P. Ocrelizumab shorter infusion: primary
results from the ENSEMBLE PLUS substudy in patients
with MS. Neurol Neuroimmunol Neuroinflamm 2020; 7:
e807.

Vollmer TL, Cohen JA, Alvarez E, et al. Safety results of
administering ocrelizumab per a shorter infusion protocol
in patients with primary progressive and relapsing multiple
sclerosis. Mult Scler Relat Disord 2020; 46: 102454.
Moreira Ferreira VF, Kimbrough DJ and Stankiewicz
JM. A possible case of serum sickness after ocrelizu-
mab infusion. Mult Scler 2021; 27: 155-158.

Wolf AB, Ryerson LZ, Pandey K, et al. Rituximab-
induced serum sickness in multiple sclerosis patients.
Mult Scler Relat Disord 2019; 36: 101402.

Thurlings RM, Teng O, Vos K, et al. Clinical response,
pharmacokinetics, development of human anti-chimaeric
antibodies, and synovial tissue response to rituximab
treatment in patients with rheumatoid arthritis. Ann
Rheum Dis 2010; 69: 409-412.

www.sagepub.com/msjetc


https://www.businesswire.com/news/home/20200910006081/en/New-Data-Further-Reinforce-Genentech%E2%80%99s-Ocrevus-ocrelizumab-as-a-Highly-Effective-Treatment-for-People-With-Multiple-Sclerosis
https://www.businesswire.com/news/home/20200910006081/en/New-Data-Further-Reinforce-Genentech%E2%80%99s-Ocrevus-ocrelizumab-as-a-Highly-Effective-Treatment-for-People-With-Multiple-Sclerosis
https://www.businesswire.com/news/home/20200910006081/en/New-Data-Further-Reinforce-Genentech%E2%80%99s-Ocrevus-ocrelizumab-as-a-Highly-Effective-Treatment-for-People-With-Multiple-Sclerosis
https://www.businesswire.com/news/home/20200910006081/en/New-Data-Further-Reinforce-Genentech%E2%80%99s-Ocrevus-ocrelizumab-as-a-Highly-Effective-Treatment-for-People-With-Multiple-Sclerosis
https://www.businesswire.com/news/home/20200910006081/en/New-Data-Further-Reinforce-Genentech%E2%80%99s-Ocrevus-ocrelizumab-as-a-Highly-Effective-Treatment-for-People-With-Multiple-Sclerosis
https://www.businesswire.com/news/home/20200910006081/en/New-Data-Further-Reinforce-Genentech%E2%80%99s-Ocrevus-ocrelizumab-as-a-Highly-Effective-Treatment-for-People-With-Multiple-Sclerosis
https://www.gene.com/media/press-releases/14905/2021-04-15/new-data-for-genentechs-ocrevus-ocrelizu
https://www.gene.com/media/press-releases/14905/2021-04-15/new-data-for-genentechs-ocrevus-ocrelizu
https://www.gene.com/media/press-releases/14905/2021-04-15/new-data-for-genentechs-ocrevus-ocrelizu
http://www.oncology.tv/SymptomManagement/NationalCancerInstituteUpdatesCTCAEtov403.aspx
http://www.oncology.tv/SymptomManagement/NationalCancerInstituteUpdatesCTCAEtov403.aspx
http://www.oncology.tv/SymptomManagement/NationalCancerInstituteUpdatesCTCAEtov403.aspx
http://www.oncology.tv/SymptomManagement/NationalCancerInstituteUpdatesCTCAEtov403.aspx

	 Introduction
	 Materials and methods
	 Study population
	 Study design
	 Infusion related reactions (IRRs)
	 Laboratory assessments
	 Physical disability assessments
	 Statistical analysis

	 Results
	 Discussion
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


