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Abstract

Background: Rituximab is a monoclonal antibody directed at CD20 positive B-lymphocytes and a
potential therapeutic option in the treatment of multiple sclerosis. The safety of recurrent dosing is
not established.

Objectives: The objective of this work was to report the experience of long-term rituximab adminis-
tration in a comprehensive multiple sclerosis care clinic.

Methods: This was a single-center retrospective observational analysis of patients receiving rituximab
for the treatment of multiple sclerosis from 2004 to 2015. Different dosing regimens were reviewed to
determine whether frequency or dose may affect safety. CD19 and CD20 counts were collected to
evaluate B-cell suppression during therapy. Relapses, magnetic resonance imaging activity and ritux-
imab-related adverse events were collected by chart review and prospective database entry.

Results: Of 107 patients included, the average duration of treatment was 33.2 months. Seventy-seven
patients received recurrent rituximab dosing after initiation. CD19/20 reconstitution occurred in
approximately 20% of patients at 6 months, regardless of dosing strategy. Despite CD19/20 counts of 0,
three patients had relapses or magnetic resonance imaging activity. Mostly mild side effects in relation

to therapy were seen, with the exception of three patients requiring hospitalization for urinary tract

infections.

Conclusions: In our clinic population, rituximab was well tolerated and safe with recurrent

administration.
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Introduction

Evidence has accumulated suggesting that B cells are
involved either directly or indirectly in the patho-
physiology of multiple sclerosis (MS). Rituximab
is a monoclonal antibody directed at CD20 positive
B-lymphocytes resulting in cell-mediated apoptosis."
A phase II double blinded randomized controlled
trial of rituximab in a relapsing MS population
demonstrated robust efficacy on clinical measures
and magnetic resonance imaging (MRI) with an
acceptable safety profile.? Ocrelizumab was recently
shown to be effective and safe in two phase 111 trials
conducted in relapsing—remitting patients showing
an annualized relapse rate reduction of 46/47%, 43/
37% risk reduction in confirmed disability progres-
sion and 94/95% reduction in total number of gado-
linium enhancing lesions in the OPERA I and II

studies, respectively.’ Ofatumumab was also
successful in phase II.* These monoclonal antibodies
all deplete CD20 B cells, but differ in their chimeric
(rituximab), humanized (ocrelizumab), or fully
human (ofatumumab) molecular composition as
well as their ability to stimulate complement and
antibody dependent cellular cytotoxic effector
mechanisms.

The safety profile of recurrent long-term dosing is
not yet established in an MS population. Rituximab
has been used extensively in many patient popula-
tions after its approval in 1997 for non-Hodgkin’s
lymphoma. Although overall patient exposure is
unknown, over 300,000 patients with rheumatoid
arthritis are known to have been treated with ritux-
imab. A recent study demonstrated that rituximab
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was safe in a follow-up of a rheumatoid arthritis trial
population of 1246 patients with over 5 years of
recurrent exposure.” The recommended dosing regi-
men of rituximab in rheumatoid arthritis patients is
1000 mg intravenous infusions separated by 2 weeks
with subsequent re-dosing at 6 months.® Although
safety complications, including progressive multi-
focal leukoencephalopathy, have arisen, it is unclear
how this applies to an MS patient population — a
generally younger cohort with fewer co-morbidities
than other rituximab treated groups. No significant
safety signals have been evident in the phase II trials
of rituximab, ocrelizumab and ofatumumab,
although long-term follow-up data are lacking for
these trials.”™*

In addition, no established dosing schedule exists for
MS.” In the rituximab phase II trial, patients were
dosed with rituximab 1000mg with a subsequent
1000mg dose 15 days later and were followed for
48 weeks.” No longer term follow-up of this cohort
has been published. Some data do exist for neuro-
myelitis optica, however. Pellkofer and colleagues
reviewed rituximab experience for 10 neuromyelitis
optica patients, and based on their results concluded
that a fixed dosing schedule every 6—9 months was
advisable.® Greenberg and colleagues also retro-
spectively reviewed rituximab dosing in a neuromye-
litis optica clinical cohort and concluded that patients
should be re-dosed prior to evidence of B-cell recon-
stitution by CD19/20 counts, and also reported evi-
dence of reconstitution in a small population of
patients less than 6 months (17%) after a 1000 mg
rituximab dose was administered.” Kim et al.
reported that measuring CD274 memory B cells
was a better measure of B-cell repopulation and
that 83% of patients had evidence of reconstitution
by 6 months.'® In other disease states like rheuma-
toid arthritis and myasthenia gravis there is also no
consensus about the proper dosing schedule.'!? In
addition, Gottenberg et al. looked for evidence of a
link between B-cell reconstitution and clinical events
in rheumatoid arthritis and could find no relation-
ship.'®> The objective of this observational study is
to evaluate the safety of long-term rituximab admin-
istration and review different dosing strategies at our
comprehensive MS care clinic.

Methods

Patients

This was a single-center retrospective observational
analysis of medical records and available compre-
hensive longitudinal investigation in MS database
(CLIMB) information for patients treated with

rituximab at a tertiary academic medical center
between 2004 and 2015. Brigham and Women’s
Hospital institutional review board approval was
obtained prior to initiation of the study (protocol
1999-P-010435). We included patients for analysis
if they were 18 years old or older and had a con-
firmed diagnosis of MS by 2001 McDonald’s cri-
teria. Patients were excluded if the start date of
rituximab therapy could not be determined or if
they were treated with a concomitant disease mod-
ifying agent other than steroids.

Clinical assessment

Baseline demographic information, duration of treat-
ment, relapse incidence, MRI data and CD19/CD20
laboratory results for all patients were collected and
analyzed. Rituximab has been reported to deplete B
cells from the circulation within 1 month after
administration and sustain suppression for up to 8
months."* We followed patients for 9 months after
their last rituximab infusion or the end of the study
period, whichever was sooner, resulting in a min-
imum duration of treatment of 9 months. Relapses
were included if there was documentation of a
relapse or exacerbation in the patient chart and/or
the patient received at least three consecutive days
of intravenous  methylprednisolone therapy.
Neuroradiologist MRI reports were reviewed to
determine the presence of T2 or fluid-attenuated
inversion recovery (FLAIR) change when compared
to previous MRI. MRI scans were collected at the
discretion of the provider and based on clinical need.
All scans were acquired and interpreted at Brigham
and Women’s Hospital. Over the duration of the
study period, MRI scan acquisition varied as proto-
cols continued to be improved. MRIs of the brain
and/or spinal cord were included for analysis only
if a previous baseline MRI had been performed while
on rituximab. Both brain and spinal cord MRIs were
included for analysis. In addition, the presence of
gadolinium enhancing T1 lesions was collected to
determine disease activity. No prior MRI was
required if an enhancing lesion was identified. No
quantitative analysis was performed due to the vari-
ability in the acquisitions of MRI. CD19 and CD20
laboratory results were collected per clinician discre-
tion while the patient was on rituximab therapy.
CD19 and CD20 counts were divided into three
cohorts in accordance with previous reports of ritux-
imab use monitoring strategies for autoimmune dis-
orders such as neuromyelitis optica: CD19 and CD20
counts equal to 0 are <2%, or are >2%."> The tol-
erability of long-term rituximab therapy and reports
of adverse effects were determined by chart review.
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Table 1. Baseline characteristics.

Baseline characteristics % (n=107)

Men 25.2 (27/107)
Women 74.8 (80/107)
Average age at the start of 46 (20—76)

therapy in years (range)

Ethnicity
Caucasian 85.0 (91/107)
African American 11.2 (12/107)
Hispanic 0.9 (1/107)
Not reported/other 2.8 (3/107)
Duration of rituximab 33.2+24.43

treatment (months)®
Multiple sclerosis diagnosis
Relapsing—remitting
Secondary progressive

50.5 (54/107)
34.5 (37/107)

Primary relapsing 5.6 (6/107)

Primary progressive 4.7 (5/107)

Unclassified 4.7 (5/107)
RRMS patients baseline

characteristics (n = 54)

Average age at the start of 42.2 (19-71)

therapy in years (range)

Duration of rituximab 32.9+25.0

treatment (months)?

EDSS score at baseline® 29+1.6

EDSS score at the end of 25+1.8

treatment®

“Data presented as average + standard deviation.
RRMS: relapsing—remitting multiple sclerosis; EDSS:
Expanded Disability Status Scale.

Results

Patient characteristics

A total of 107 patients were identified as meeting our
inclusion criteria for this study, representing 296
patient years. Baseline characteristics are summar-
ized in Table 1. The timing of re-dosing of rituximab
was at the discretion of the prescribing clinician. The
majority of patients (90%) received a rituximab start-
ing dose of 1000 mg at week 0 and a subsequent
repeat 1000 mg dose approximately 14 days later.
The remaining patients at initiation either received
a single dose of rituximab 1000 mg (9%) or a sin-
gle dose of rituximab 100mg (1%). In total, 28%
(30/107) of patients only received a starting dose
of rituximab therapy with no subsequent administra-
tions, resulting in 72.0% (77/107) of patients having
received recurrent rituximab dosing. Subsequent
doses were observed to have intra and inter-patient
variability, ranging from 500mg x one dose,

1000mg x one dose, or 1000mg x two doses
14 days apart. In total, 501 doses were administered
(including the initial dosing regimen), with 446 of
these doses 1000 mg (either at initiation or follow-
up). Fifty-four follow-up doses were 500 mg, and a
single 100 mg initiating dose was given.

For those that received subsequent doses after initi-
ation, the average duration of rituximab treatment was
43.0 months (range 9.4—86.0 months) and is described
in Figure 1. Seventy-three patients (68.2%) were trea-
ted with rituximab for at least 12 months, with the
remaining 31.8% receiving rituximab treatment for
less than 1 year. The average interval between ritux-
imab doses was 11 months (range 2.6—42.2 months).
Approximately half, 48.7% (97/199), of rituximab
doses were administered 6—9 months after the previ-
ous dose, with 10% administered between 10 and 12
months and 37% administered more than 12 months
between doses.

CD19 and CD20 reconstitution

Of 107 patients evaluated, 105 (98.1%) had at least
one follow-up CD19 and CD20 count after the first
rituximab administration. CD19 and CD20 follow-up
levels occurred an average of 138.3+121.4 days
apart. CD19 and CD20 counts of patients who
received 1000 mg with a recurrent 1000 mg dose 2
weeks later were above 0 by 6 months in 20% of
patients, and 3% of patients had a CD19/20 percent-
age above 2%. Of patients receiving a single ritux-
imab 1000mg dose, 20% had a CD19/20 count
above 0 by 6 months, and 5% above 2% by 6
months. Further details are available in Figure 2.

Adverse events

Rituximab therapy was well tolerated in our patient
population, with 18% (19/107) of patients reporting
mild side effects related to therapy. No clear rela-
tionship was seen between duration of therapy and
adverse events (Figure 3). Infusion-related reactions
despite pre-treatment prophylaxis occurred in 8% (8/
107) of patients. No serious infusion reactions
occurred. Infections were reported in 36% (38/107)
of patients. The most common infections were urin-
ary tract infections (13%) and upper respiratory tract
infections (12%). Three patients diagnosed with a
urinary tract infection required hospitalization.
Patient 1 (baseline Expanded Disability Status
Scale (EDSS) 6) was diagnosed with pyelonephritis
approximately 43.8 months after starting rituximab
treatment, and had last received a dose of rituximab
2 weeks prior to hospitalization. Patient 2 (baseline
EDSS 4) had two hospitalizations related to recurrent
urinary tract infections. The first hospitalization was
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Figure 1. Duration of rituximab therapy.
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Figure 2. Comparison of dosing strategies and CD19/CD20 reconstitution.

for an infection limited to the urinary tract 49.8  hospitalizations 1 and 2, respectively. The third
months after initiation of therapy, while the second  patient (baseline EDSS 6) also required two hospi-
hospitalization was for urosepsis 70.6 months after  talizations for recurrent urinary tract infections, with
initiation of therapy. Approximately 11 and 9 months  the first being limited to the urinary tract and the
had lapsed since the previous dose of rituximab and  second having progressed to urosepsis. The first
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Figure 3. Time to adverse event occurrence from first infusion.

hospitalization for this patient occurred 37.6 months
after initiation of rituximab therapy, while the
second occurred 61.0 months after initiation of ther-
apy. Patient 3 had a history of recurrent urinary tract
infections prior to starting rituximab treatment.
The patient had last received rituximab approxi-
mately 8 months and 3 weeks prior to hospitaliza-
tions 1 and 2, respectively. For each of these patients
CD19/20 counts were obtained during hospitaliza-
tion and were 0. No malignancies were observed
secondary to rituximab treatment.

Relapses and MRI change

In the relapsing—remitting MS patients (n = 54), 29
relapses were reported among 14 patients after initi-
ation of therapy. Of these, 83% of patients received
intravenous methylprednisolone infusions after
symptom report. In the relapsing—remitting MS
patient population, patients on average received
rituximab  therapy every 10.94+4.6 months
(Figure 4). Of patients who relapsed, 55.2% of
patients received a dose less than 6 months from
their relapse, 20.7% 6—9 months from their relapse,
and 24.1% were dosed over 9 months from when
their relapse occurred. Fifteen CDI19 and CD20
counts were collected within 30 days of patient

relapse and 26.6% of counts were equal to O,
20.0% 2 or less, and 53.3% of counts collected
were over 2%. Seven relapses occurred with patients
having CD19/20 counts less than 2%, four of these
patients had CD19/20 counts of 0. Five patients
without overt evidence of reconstitution (CD
19/20 < 2%) who experienced a relapse were contin-
ued on therapy. One of these five patients went on to
another relapse during our study. Of interest, no
enhancement was seen on T1 post-contrast imaging
patients scanned within 30 days of relapse (n=10),
although three patients had MRIs with new T2/FLAIR
change on subsequent MRI. However, enhancement
may not have been observed because all patients
received 3 days of intravenous methylprednisolone for
the treatment of MS relapse prior to imaging.

A total of 122 MRI scans in 43 patients were col-
lected for the overall relapsing—remitting MS patient
population, with a mean scan interval of 10 months
(Supplemental Figure e2). There was heterogeneity
in whether MRIs were obtained at regular intervals
or in response to patient relapse. Approximately 3%
(3/122) exhibited gadolinium enhancing T1 lesions
and 11% (13/122) displayed T2/FLAIR lesion
changes when compared to previous on-rituximab

@ Reported Infection
B Infusion Reaction
A Adverse Reaction

& Rituximab Dose
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Figure 4. Relapsing—remitting multiple sclerosis patient relapse.

scan. Two patients with MRI showing enhancement
on T1 sequences had CD19/20 drawn within 30 days.
In both cases CD19/20 counts were 0. Of patients
experiencing activity on MRI 76.9% received a dose
less than 6 months prior to MRI change, 15.3% 6—9
months prior to MRI change, and 7.7% dosed over 9
months prior to MRI change. One patient only
received an initial starting dose of rituximab.

An additional 61 MRI scans were performed in
patients classified as having progressive MS. Of
these, 3/61 (4.9%) scans showed MRI activity,
taken from two patients. The first patient had three
successive MRIs with new gadolinium enhancing T1
lesions and concurrent T2/FLAIR change, the second
patient had one MRI with T2/FLAIR change and had
a worsening disability over time.

Three patients experienced relapses and MRI activ-
ity, 11 patients with relapses only, and five with MRI
activity only, so a total of 19 patients had clinical
evidence of breakthrough disease.

Discussion

In our patient population rituximab was relatively
well tolerated, although wurinary tract infections
were more frequently seen, similar to what was
reported in the past with B-cell agent trials.>™
Infections did not occur more frequently in patients
who had been receiving rituximab for a longer period
of time. Three patients were hospitalized due to

infection. These patients had more disability, but
the rituximab may have contributed given that
CD19/20 counts were 0. No opportunistic infections
were seen. It should be noted that CD19 and CD20
levels may not accurately estimate a patient’s risk for
infection while on rituximab therapy. While IgG
levels were not monitored in our patient population,
low IgG levels before the initiation of rituximab
treatment have been associated with a high risk of
severe infection.'® Recurrent rituximab dosing has
resulted in an increased risk of low IgG levels in
patients in clinical trials and an increase in infections
in this patient population, although non-
significant.'®'’

Based on the design of our study we are not able to
reach a conclusion with regard to proper dosing fre-
quency. In the absence of definitive trial data in this
regard the best surrogate may be a study published
by Mease et al. in rheumatoid arthritis.'®
Investigators dosed patients with 1000 mg rituximab
spaced 2 weeks apart and then randomly assigned
them to either placebo or a follow-up 1g dose at
week 24. They found that patients with rheumatoid
arthritis who were re-dosed at 24 weeks had a similar
safety profile and better response than those dosed
yearly, with patients that received a single dose
beginning to show clinical breakthrough at 28 weeks.

We did find that a subpopulation of our patients
(20%) experienced reconstitution of CD19/20 earlier

www.sagepub.com/msjetc
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than 6 months, similar to what has been reported in
the neuromyelitis optica literature.'”

Also as reported in the neuromyelitis optica cohorts,
we have identified a population of patients who have
either relapsed or experienced new MRI activity
without evidence of reconstitution by CD19/20.*°
Three possible explanations exist for these occur-
rences. The first is that some or all of these patients
were ‘non-responders’ to rituximab. A second possi-
bility is that they developed antibodies to rituximab.
A third possibility is that peripheral CD19/20 meas-
ures are inadequate to capture what is occurring with
B-cell populations in different tissues. A number of
patients that could have been considered ‘non-
responders’ due to relapse or MRI activity despite
CD19/20 counts of 0 received further doses of
rituximab without evidence of recurrent disease
activity. It is possible that these patients have been
not been followed long enough forward to conclude
definitively that with recurrent rituximab they will
remain therapeutic and that they are in fact
‘non-responders’ as previously suggested. It is also
possible, however, that they have the potential to
respond to rituximab and that CD19/20 counts in
the periphery do not mark the beginnings of B-cell
reconstitution. We know, for example, that B-cell
depletion is less effective in lymphatic tissue and
differs due to microenvironmental factors.'
Although many theories abound for how B-cell
depleting agents have an effect in MS, the true mech-
anism is currently unclear. If one accepts that some
of these patients were sub-therapeutic on rituximab
despite having CD19/20 counts of 0 then one might
conclude that re-dosing to keep patients at 0 may not
be sufficient to be assured that the patient is ade-
quately therapeutic. As such, a fixed dosing schedule
similar to what has been done in rheumatoid arthritis
may be advisable. Further strengthening this argu-
ment is what was seen in this real-life chart
review. Many patients were non-compliant with
follow-up blood draws so that the average patient
in our group was re-dosed at 11 months, with
many patients having CD19/20 counts above 2%
when checked prior to re-infusion. Taken together
we assert that given extant data the best approach
would be to check CD19/20 counts monthly for the
first 6 months after dosing in order to identify early
reconstitution and prevent possible relapses and then
re-dose 1000 mg regardless of the CD19/20 count at
6 months. This recommendation is similar to that
given by investigators who have explored dosing in
neuromyelitis optica.>” An even better approach
may be to assay for CD27 4+ B memory cell re-emer-
gence in peripheral blood mononuclear cells or to

identify subpopulations at higher genetic risk for
insufficient memory B-cell depletion, but these
options are not currently clinically available.'®*°

During this study, the timing of rituximab re-dosing
was at the discretion of the treating neurologist and
was not standardized. As a result, a wide variety of
dosing frequencies was observed and a large propor-
tion of patients were re-dosed more than 10 months
apart. A standardized fixed dosing schedule would
help avoid this scenario.

Limitations

This was a single-center retrospective chart and data-
base review with a small sample size (73 patients
were dosed over a year). We focused our study on
safety and dosing strategy and did not collect treat-
ment history prior to starting rituximab or rationale
for use in particular patients. CD19/CD20 counts and
MRIs were obtained at clinician discretion, and were
not systematically collected. This may have intro-
duced unmeasured confounders, which may have
impacted our results. MRI scan information is help-
ful to assess disease activity. In our study it should
be interpreted with caution given that the MRIs were
collected based on clinical need and that scanners
and protocols varied over time.

Conclusion

Long-term treatment with rituximab did not increase
the risk of safety events in our cohort. A few patients
with CD19/20 counts of 0 experienced relapse or
new MRI events, but remained stable with subse-
quent retreatment. A subpopulation of patients
experienced reconstitution as measured by CD19/
20 counts prior to 6 months. Based on our clinical
review and review of the literature we believe a
monthly monitoring for early reconstitution followed
by a fixed 1000 mg dose at 6 months may be the best
strategy for long-term dosing.
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