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ABSTRACT: Background: Ocrelizumab is an effective anti-CD20 therapy approved for Relapsing Remitting (RRMS) and Primary Progressive
Multiple Sclerosis (PPMS). In clinical trials, a proportion of patients developed hypogammaglobulinemia which could contribute to infection
risk. This study aimed to identify hypogammaglobulinemia and its risk factors and evaluate potentially associated serious infection risk in a
real-world cohort of patients. Methods: All MS patients treated with ocrelizumab in a Quebec City MS clinic from January 2017 to August
2021 were included and detailed patient characteristics were collected by chart review. Levels of immunoglobulins (IgM, IgA and IgG)
were assessed prior to each treatment. Serious infection was defined as an infection requiring hospitalization or emergency room treatment.
Association between hypogammaglobulinemia and serious infection was analyzed. Results: A total of 266 patients (average follow-up
2.05 years) were included (87% RRMS). After 6 infusions, 32.8%, 3.5% and 4.2% of patients had at least one IgM, IgA and IgG
hypogammaglobulinemia event respectively. Aside from pre-treatment hypogammaglobulinemia, there were no variables associated with
on-treatment hypogammaglobulinemia. There was a total of 21 serious infections (3.36 and 12.33 per 100-person-years in RRMS and
PPMS). Developing hypogammaglobulinemia during treatment was not associated with serious infection. A regression analysis did
not show associations between serious infection and key disease characteristics. Conclusion: Similar to ocrelizumab extension studies,
our cohort demonstrated a significant rate of hypogammaglobulinemia over time, mostly with IgM. No association was found between
hypogammaglobulinemia and serious infection.

RESUME : L’hypogammaglobulinémie et le risque d’infection dans une cohorte de sujets atteints de sclérose en plaques et traités par
Pocrélizumab. Contexte : L'ocrélizumab est un médicament anti-CD20 efficace, approuvé pour le traitement de la sclérose en plaques
récurrente rémittente (SP-RR) et de la sclérose en plaques progressive primaire (SP-PP). Toutefois, 'hypogammaglobulinémie, facteur
susceptible d’accroitre le risque d’infection, a été observée chez un certain nombre de sujets participant a des essais cliniques. L’étude décrite ici
visait donc & déceler la présence d’hypogammaglobulinémie et des facteurs de risque associés, et a évaluer les risques d’infection grave
potentiellement associés au traitement dans une cohorte réelle de patients. Méthode : Tous les patients atteints de SP et traités par
l'ocrélizumab, de janvier 2017 & aoit 2021, dans une clinique de traitement de la SP située & Québec, ont participé a 'étude. La collecte de
données sur les caractéristiques détaillées des sujets s’est faite par I'examen des dossiers. Il y a eu évaluation des taux de différentes
immunoglobulines (IgM, IgA, IgG) avant chaque traitement. On entendait par infection grave une infection suffisamment sérieuse pour
nécessiter I’hospitalisation ou un traitement au service des urgences. A suivi une analyse d’association entre ’'hypogammaglobulinémie et les
infections graves. Résultats : Dans 'ensemble, 266 patients (durée moyenne du suivi : 2,05 ans) ont participé a I'étude (SP-RR : 87 %). Au bout
de 6 perfusions, 32,8 %, 3,5 % et 4,2 % des patients présentaient au moins un type d’hypogammaglobulinémie touchant respectivement les IgM,
les IgA oules IgG. A part 'hypogammaglobulinémie avant le traitement, aucune autre variable n’a été associée a I'hypogammaglobulinémie en
cours de traitement. Au total, 21 infections graves (3,36 et 12,33 pour 100 personnes-années, pour la SP-RR et la SP-PP) ont été relevées. La
présence d’hypogammaglobulinémie en cours de traitement n’a pas été associée a des infections graves. D’ailleurs, une analyse de régression
n’a pas permis d’établir d’association entre les infections graves et les principales caractéristiques de la maladie. Conclusion : A 'instar d’études
de prolongation sur 'ocrélizumab, un taux important '’hypogammaglobulinémie, notamment de type IgM, a été observé au fil du temps, dans
la cohorte a I'étude. Toutefois, aucune association n’a été établie entre 'hypogammaglobulinémie et les infections graves.
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Introduction

Multiple sclerosis (MS) is a chronic neuroinflammatory and
neurodegenerative demyelinating disease implicating both cell-
mediated and humoral immunity. The role of B-cell mechanisms
has emerged as a focal point in better understanding the disease’s
pathophysiology. As a result, the CD20 B-cell surface molecule has
become the target of several of the most effective disease-modifying
therapies (DMTs).! The anti-CD20 therapy rituximab was first
approved in 1997 for hematologic cancers followed by its
introduction to autoimmune disease with rheumatoid arthritis
in 2006. It is considered an off-label option in MS and was
previously evaluated as a DMT.? Ocrelizumab, a B-cell depleting
humanized anti-CD20 monoclonal antibody, was subsequently
approved for MS.> More recently, other novel anti-CD20 agents
such as ofatumumab and ublituximab have also shown efficacy
versus teriflunomide.*®

The OPERA I/II and ORATORIO trials served as the pivotal
clinical trials demonstrating benefit of ocrelizumab use in the
relapsing remitting MS (RRMS) population with modest reduction
in the proportion of patients with progression shown in the
primary progressive MS (PPMS) trial driven primarily by younger
patients with more inflammatory activity.*” Aside from infusion-
related reactions, infections were reported as the most common
adverse event in these studies (56.9% and 71.4% respectively). The
majority of reported infections were respiratory and urinary tract
infections, of which serious infections represented a minority
(1.2% and 6.2% respectively). The ORATORIO trial illustrated an
increased risk in the PPMS population.’

Reduced B-cell differentiation into plasma cells and decreased
antibody production is believed to be a key role player in infection
risk. Multiple classes of antibodies or immunoglobulins exist
including but not limited to, IgM, IgA and IgG.® IgM is mainly
produced in the primary immune response making it useful in
facing acute exposure to various pathogens. Slightly higher in
serum quantity, IgA is found in high levels in mucosal linings
and in secretions such as saliva and breast milk. IgG represents
by far the most common and extensively studied subtype and
is synthesized mostly in the secondary immune response to
pathogens with multiple functions ranging from antibody-
dependent cell-mediated cytotoxicity to complement activation.’
While normal ranges can vary from one center to another, we
utilized the same lower limits of normal as the initial clinical trial
data to facilitate comparisons (see Methods section). Long-term
follow-up studies on the clinical trials have brought to light
abnormally low immunoglobulins or hypogammaglobulinemia as a
potential adverse event of ocrelizumab. More specifically, a 7-year
follow-up study on the patients in the OPERA and ORATORIO
trials revealed a proportion of patients who experienced decreased
immunoglobulin levels of which serious infection risk seemed to
correlate.®” This association appeared to be strongest with IgG.!%!!
A similar study revealed similar risk in a long-term rituximab-
treated MS population.!? Hypogammaglobulinemia has been found
to occur with other DMTs used in MS however to a much lesser
extent than anti-CD20 therapy.*

In this study we examined a real-world cohort of RRMS and
PPMS patients treated with ocrelizumab and being followed at our
tertiary care MS clinic with the goal of identifying patients who
develop hypogammaglobulinemia, serious infections and the risk
factors associated.
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Methods
Cohort and data collection

The study population consisted of all the patients with either PPMS
or RRMS being followed at the MS clinic at the IRDPQ (Institution
de Réadaptation en Déficience Physique) center and the affiliated
Enfant-Jésus hospital in Quebec City (QC, Canada) who had
received at least one infusion of ocrelizumab (of which the initial
treatment was divided into two doses as stated below). The
treatment was administered in standard fashion with the first
infusion being divided into two 300 mg intravenous doses two weeks
apart. Subsequent doses were 600 mg per 6 months with a few delays
according to specific patient differences and contexts. A secondary
list provided by the Roche patient assistance program COMPASS
enabled verification of inclusion of all treated patients. Patients who
received at least one dose of ocrelizumab were included regardless of
whether treatment was suspended or terminated at the final review
date. Local institutional research ethics board approval was obtained
prior to initiation of the data collection phase.

A chart review was completed using clinical database software
at the IRDPQ center. Data such as patient demographics, disease
characteristics at time of treatment initiation, hospitalization and
serious infection during treatment were identified. Laboratory
values were obtained using the provincial Quebec Health Record
platform and identification of serious infections was done using a
combination of the single center clinical database software and the
electronic medical records of the CHU de Québec comprising 5
affiliated hospital centers.

Study outcomes and variables

One author (SN) systematically and retrospectively searched the
hospital and provincial database, for every patient, to collect data
on: age, sex, MS clinical phenotype (RRMS, PPMS), number of
previous DMTs, date of MS diagnosis, disease duration, Expanded
Disability Status Scale (EDSS) at time of first infusion, serious
infections, and follow-up duration. Individual MS clinical
phenotypes were categorized according to the diagnosis given in
the chart by the patient’s neurologist using the 2017 McDonald
Criteria.!* The data was collected by SN who was not involved in
the care or charting of the patients. Follow-up duration was
measured as being the time from the first infusion administration
to the final review date (August 1*', 2021). The number of infusions
and the reason for suspending or stopping ocrelizumab treatment
was also noted. Suspension was defined as delaying of treatment
beyond the regular 6-month interval for reasons such as
pregnancy, losing a patient to follow-up or treatment risk
decision-making made by the clinician.

The primary objective of this study was to characterize the
frequency of hypogammaglobulinemia. For each patient, baseline
immunoglobulins (IgM, IgA, IgG) were measured (if available) as
well as subsequent periodic measures at the time of infusions. The
term hypogammaglobulinemia was used if IgM < 0.40 g/L, IgA <
0.70 g/L and IgG < 5.65 g/L based on the threshold values used by
Hauser et al.!” to facilitate comparisons with clinical trial data.
CD19 and CD20 levels were always measured as well as complete
blood counts. Of note, laboratory tests were conducted within a
few weeks or on the same day of treatment infusion. This was
further emphasized during the SARS-CoV-2 global pandemic so
as to reduce additional visits.
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The secondary objective was to characterize serious infection
rate. Serious infections were characterized as infections requiring
either a hospitalization or an antimicrobial treatment after a visit in
the emergency department.

Statistical analysis

The study population characteristics and the treatments received
were described via central tendency and dispersion measures (95%
confidence interval, mean, median, standard deviation and
quartiles) for continuous variables and with relative frequencies
for categorical variables. The Student T test or Wilcoxon Mann-
Whitney test was used for quantitative variables while Exact
Pearson Chi-Squared tests were used for qualitative variables to
compare characteristics according to MS phenotype.

The immunoglobulin subtype quantification over time and
cumulative incidence of hypogammaglobulinemia according to
predefined thresholds at each infusion was analyzed. Univariate
logistic regression models were used, and odds ratios were calculated
to evaluate the association of various risk factors and laboratory
values with hypogammaglobulinemia at baseline and each
subsequent treatment. The mean rate of annual variation of each
immunoglobulin subtype was estimated using a linear regression
model with a generalized estimating equation (GEE) method.

Poisson regression models enabled calculation and comparison
of serious infection rates according to MS phenotype and with
respect to presence or absence of hypogammaglobulinemia.

A Kaplan-Meier curve was used to evaluate survival without
serious infection. The survival analysis was conducted based off the
total patient treatment exposures including those with suspended
and restarted regimens. Those who only had one round of treatment
without further laboratory and follow-up data were not included
(6 patients). A Cox regression multivariate analysis allowed for
evaluation of various risk factors (MS phenotype, sex, age, number
of previous treatments, disease duration, EDSS) on this survival.

Analyses were conducted using the SAS 9.4 analytic software.
A p value < 0.05 was considered as being statistically significant.

Results
Patient demographics

We identified 266 patients with MS who received at least one
ocrelizumab treatment. The majority of patients received between
3 and 5 infusions (Table 1). When considering suspended
and restarted infusions, the mean follow-up time was 2.05 years
(241 for PPMS, 2.00 for RRMS). At the study cutoff date,
20 patients had stopped treatment and 15 patients had a treatment
suspension. Reasons for stopping treatment included: treatment
failure (10 patients), treatment intolerance (7 patients) diagnostic
uncertainty (1 patient), one patient due to chemotherapy initiation
after the discovery of a metastatic colorectal cancer and one patient
due to pregnancy followed by treatment switch. Reasons for
treatment suspension included pregnancy (11 patients), fear of
Covid-related complications (2 patients), repeated infections
(1 patient) and one lost to follow-up. Of the patients with
treatment suspension, 7 restarted their infusion at a later date.
Table 1 illustrates the demographics and baseline bloodwork
values. Of note, 68% (181/266) of patients were female and 87.2%
were of the RRMS phenotype. PPMS patients were significantly
older than RRMS patients (53.1 vs 40.2 years old, p <0.0001).
There was a significant difference in the usage of prior DMTs
between MS phenotypes as the majority of patients with PPMS
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were treatment-naive (85.3%) contrary to RRMS patients (19%).
Initial EDSS scores were significantly higher in the PPMS group
(5 vs 3, p < 0.0001).

No baseline immunoglobulin levels were measured for 16%
(42/266) of patients. Absent immunoglobulin data at least once at
time of infusion occurred in 18% (49/266) of patients. Very few
patients had baseline immunoglobulin levels compatible with
hypogammaglobulinemia (IgM 8.5%, IgA 2.2%, IgG 4.5%). There
were no significant differences in baseline CD19/20 levels and
complete blood count values (not shown) across MS phenotypes.

Hypogammaglobulinemia

At least one individual hypogammaglobulinemia event occurred
after at least one treatment in 32.8% for IgM (< 0.40 g/L), 3.5% for
IgA (< 0.70 g/L) and 4.2% for IgG (< 5.65 g/L). The reported rates
of individual hypogammaglobulinemia at the time of each infusion
up to 6 treatments is represented in Table 2. Of note, IgM
hypogammaglobulinemia occurred earlier whereas IgA and IgG
hypogammaglobulinemia became slightly more frequent over
time. The immunoglobulin levels per treatment reflected this pattern
and the grouped mean level for all 3 immunoglobulins never went
below the inferior limit of normal threshold (Supplementary
Material Table e-1, e-2, e-3). No significant differences were detected
between PPMS and RRMS immunoglobulin levels.

GEE regression revealed a significant decrease in immuno-
globulin rate over time for IgM (—0.1892 g/L/year, -0.2103 - -0.1681,
p = < 0.0001), IgA (-0.0602, -0.0826 — -0.0377, p = < 0.0001) and
IgG (-0.1761, -0.2789 - -0.0733, p = 0.0015).

Variables such as age, duration of disease, initial EDSS and
number of prior DMT's were not associated with the occurrence of
a hypogammaglobulinemia event during ocrelizumab treatment
(Supplementary Material e-4, e-5, e-6). There was a significant
association between having baseline hypogammaglobulinemia and
subsequent hypogammaglobulinemia events while under treat-
ment (IgM p < 0.0002, IgA p < 0.0001, IgG p < 0.0001). There was
no association between the above-mentioned demographic
variables with complete blood count values and CD19/20 levels
in simultaneous analyses.

Serious infections

There was a total of 21 serious infections in 17 patients (4.65 per
100-person-years) including 8 urinary sepsis cases and 1 simple
urinary infection, 4 cellulitis, 2 pneumonias, 1 influenza case,
1 SARS-CoV-2 infection, 1 Shingles, 1 appendicitis, 1 diverticulitis
and 1 finger abscess. Only two patients had recurring infections
including one patient with 4 episodes of urinary sepsis and another
one with 2 cases of pyelonephritis. There was a higher rate of
serious infections in PPMS patients compared with RRMS patients
(12.33 vs 3.36 per 100-person-years, p = 0.0038) (Table 3).

Having a single hypogammaglobulinemia event was not
significantly associated with serious infection for both IgM (6.76
with and 3.39 without hypogammaglobulinemia, p=0.123) and
IgG (4.55/100-person-years with and 4.52/100-person-years with-
out hypogammaglobulinemia, p=0.9939) (Table 3). No serious
infections occurred for the 9 patients with IgA hypogammaglobu-
linemia events.

77 patients had lymphopenia after 1% treatment (29.3%)
although the majority (74/77 patients) were of grade I or II severity
(defined as 0.8-0.999 and 0.5-0.799 x 10°/L). Similarly, more
patients had neutropenia following the 1 treatment (23 patients,
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Table 1: Demographics and clinical characteristics at baseline

The Canadian Journal of Neurological Sciences

RRMS PPMS Total p value
Total patients (% of total MS patients) 232 (87.2%) 34 (12.8%) 266
Age at first infusion (years, minimum-maximum) 40.2 (19-68) 53.1 (34-70) 41.8 (19-70) <0.0001%**
Sex (% Female) 162/232 (69.8%) 19/34 (55.9%) 181/266 (68%) 0.1169
Number of ocrelizumab Infusions (%) 0.0571"
1 11 (4.6%) 1 (2.9%) 12 (4.4%)
2 39 (16.4%) 3 (8.6%) 42 (15.4%)
3 46 (19.3%) 7 (20%) 53 (19.4%)
4 69 (29%) 5 (14.3%) 74 (27.1%)
5 36 (15.1%) 10 (28.6%) 46 (16.8%)
6 19 (8%) 8 (22.9%) 27 (9.9%)
7 13 (5.5%) 1 (2.9%) 14 (5.1%)
8 3 (1.3%) 0 3 (1.1%)
9 0 0 0
10 2 (0.8%) 0 2 (0.7%)
Number of Prior DMTs (%) <0.0001 %"
0 44 (19%) 29 (85.3%) 73 (27.4%)
1 65 (28.1%) 3 (8.8%) 68 (25.6%)
2 64 (27.7%) 2 (5.9%) 66 (24.8%)
3 31 (13.4%) 0 31 (11.7%)
4 19 (8.2%) 0 19 (7.1%)
5 8 (3.5%) 0 8 (3.0%)
Duration of disease (years, min-max) 6.95 (0-37) 5.59 (0-29) 6.80 (0-37) 0.3105
Initial EDSS (years, min-max) 3.00 (0-7) 5.00 (2-7) 3.25 (0-7) <0.0001%**
Follow-up Duration (years, min-max) 2 (0.041-4.63) 2.41 (0.58-3.27) 2.05 (0.041-4.63)
Immunoglobulins (g/L, min-max) and Hypogammaglobulinemia at baseline
1gG 8.93 (1-16.1) 9.86 (7.08-16.4) 9.04 (1-16.4)
Hypo-IgG, < 5.65 g/L (%) 10/224 (4.5%)
IgA 1.84 (0.45-4.47) 2.33 (0.71-4.5) 1.90 (0.45-4.5)

Hypo-IgA, < 0.70 g/L (%)

5/224 (2.2%)

IgM

0.98 (0-3.63) 1.39 (0.26-4.9) 1.03 (0-4.9)

Hypo-IgM, < 0.40 g/L (%)

19/224 (8.5%)

MS = Multiple Sclerosis; RRMS = Relapsing Remitting Multiple Sclerosis; PPMS = Primary Progressive Multiple Sclerosis; DMT = Disease Modifying Therapy; EDSS = Expanded Disability Scale.

*kk

= statistically significant (p < 0.05).

Tp-values represent comparisons between RRMS and PPMS patients for the number of ALL ocrelizumab infusions and of ALL prior DMTs.

8.8%) which were also all of grade I or II severity (Supplementary
Material e-7, e-8)

A Kaplan-Meier survival curve for serious infections revealed
an 87.96% survival rate without serious infection at 54 months
post-treatment initiation (Fig. 1). Cox Regression analysis did not
reveal any significant associations between serious infection and
other variables. With this analysis, PPMS patients tended to have
higher rates of serious infection, but contrary to the Poisson
regression model, it was not statistically significant (RR 2.075,
0.353-12.209, p =0.4196). Women tended to have less serious
infections compared to men although this was also not significant
(RR 0.46, 0.170-1.250, p = 0.1278).
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Discussion

This study represents the largest real-world cohort to date
examining the presence of hypogammaglobulinemia and serious
infection in ocrelizumab-treated MS patients. We showed in this
cohort that at least one individual hypogammaglobulinemia
event occurred in 32.8% of patients for IgM, 3.5% for IgA and
4.2% for IgG. We also demonstrated a significant rate of decrease
in all immunoglobulins subtypes over time. Moreover, there
was a total of 21 serious infections in our cohort of 266 patients
with a higher rate in the PPMS subgroup. We did not find any
association between hypogammaglobulinemia and serious infec-
tion risk.
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Table 3: Serious infection risk
Serious Rate/100- 95% Confidence
Infection Total Number  person-years Interval P value
Overall (%) 21/266 (7.89%) 4.65 (3.03-7.13) 0.0038*
PPMS (%)  8/34 (23.5%) 12.33 (6.17-24.7)
RRMS (%)  13/232 (5.6%) 3.36 (1.95-5.79)

Serious Infection Risk and at least one Hypogammaglobulinemia event

Hypo-IgA 0.9998
Yes 0/9 0

No 20/250 4.65 (3.00-7.21)

Hypo-IgG 0.9939
Yes 1/11 4.55 (6.42-32.33)

No 19/248 4.52 (2.88-7.08)

Hypo-IgM 0.123
Yes 10/85 6.76 (3.64-12.57)

No 10/174 3.39 (1.83-6.31)

In the second part of the table, serious infections in patients who either had or did not have
(yes, no) a hypogammaglobulinemia (IgA, 1gG, IgM) event are shown. Totals not adding up to
266 patients are due to missing lab values.

*P value is for the comparison between serious infections in PPMS and RRMS.

Hypogammaglobulinemia is a known risk of MS therapies and
especially anti-CD20 agents. A study of 1845 patients revealed that
anti-CD20 therapy represents the bulk of this risk accounting for
nearly 90% of hypogammaglobulinemia cases.'* Moreover, it was
initially detected as a potential adverse event of ocrelizumab
therapy in the original pivotal trials.%” It has already been known to
be a significant potential consequence of rituximab therapy.!®
Similar findings have been found in MS studies confirming risk of
hypogammaglobulinemia with rituximab and interaction with
serious infection risk.!%!¢

Rates of hypogammaglobulinemia have been shown to vary
across different real-world cohorts ranging roughly from 3% to
40% but with similar distinction between rate of decreases across
immunoglobulin subtypes and with IgM tending to have higher
incidence of this complication.!”~2°

Our study is consistent with prior data indicating that there
is a cumulative treatment effect leading to increasing risk of
hypogammaglobulinemia over time for patients continuing
ocrelizumab therapy. After 7 years of follow-up on the original
trial data, a mean decrease of -0.78g/L was found for IgM
and -0.33g/L/year for IgG with similar values for IgA.!° The rates
detected in our study were higher for IgM but lower for IgG and
IgA. The differences may be partially explained by shorter
follow-up time especially given that IgG and IgA levels seem to
decrease more slowly over time which was also seen in our study.

Our study did not show any associations between multiple risk
factors and hypogammaglobulinemia aside from having hypo-
gammaglobulinemia at baseline. A study of more than 500 patients
treated with anti-CD20 therapy (17.6% switching to ocrelizumab
therapy) suggested that higher cumulative doses of treatment
also influenced hypogammaglobulinemia risk.!”” Age increased
lymphopenia but not hypogammaglobulinemia risk.!” A 14-year
rituximab Neuromyelitis Optica (NMO) study also revealed
baseline hypogammaglobulinemia, duration of treatment, mean
annual dose as risk factors as well as history of mitoxantrone use
and elevated body mass index.?!
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Figure 1: Total at-risk episodes represent all Overall
patients having received at least one treatment of At risk 267 259
ocrelizumab and those resuming treatment after  censored 0 6
temporary suspension. Of the total 273 episodes, Events 0 2

6 were excluded due to lack of follow-up time.

Infections have been known to be elevated in MS patients.?>??

Moreover, anti-CD20 agents appear to be amongst the DMTs
placing patients in the highest category of risk for infections.**
Associations with more severe SARS-CoV-2 infection have
similarly been found with ocrelizumab.”® In our study, 7.89%
patients had a serious infection with higher rates detected in the
PPMS subgroup (23.5%). While the higher risk in PPMS patients is
consistent, these represent higher rates than those detected in the
OPERA and ORATORIO trials.%” This could be due to multiple
cohort-specific reasons including better baseline functional (EDSS)
status and fewer comorbidities in the clinical trials and a stronger
representation of treatment-naive patients specifically in RRMS
patients in OPERA. Moreover, it is possible that our more
permissive study definition of serious infection influenced the
results.

Trial and associated real-world data for rituximab has shown
rates of serious infection to be within the 4.5-10% range with
higher values found in the NMO population.>!>!2! Real-world
ocrelizumab data is limited however more recent studies have
shown rates similar to ours ranging from 2.7 to 8.3% rate of
hospitalization due to infections with varying representations of
MS phenotypes.'”1#2° The majority of infections in our study were
urinary infections (8 urinary sepsis and 1 simple urinary tract
infection) consistent with the MS population known to have high
rates of bladder dysfunction with risk of bacterial colonization.
Of the total 21 serious infections, one PPMS patient had 4 episodes
of recurring urinary sepsis partially explaining the increased rate in
the PPMS subgroup.

Higher serious infection risk in progressive MS patients has
been reported in multiple national databases often being
attributed at least in part to the older age, higher disability,
longer DMT usage and higher number of comorbidities in this
subgroup.?®?” While our cohort did reveal higher risk in PPMS
patients, other co-factors such as age, sex, EDSS, disease duration
and total number of DMT's did not show a link. Insufficient power
compared to large national database studies could explain this.
Moreover, it is possible that the intrinsic nature of the debilitating
PPMS phenotype renders patients more vulnerable to infection,
insufficiently captured by EDSS alone. Differences in
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comorbidity burden could also have played a role as this is
known to be higher in progressive patients and is itself linked to a
more elevated risk of infection.?%%8

There was no association between hypogammaglobulinemia
and serious infection in this cohort. This could partially be
explained by a lack of power or the nature of the analysis which did
not involve analyzing risk during specific hypogammaglobuline-
mia epochs like in the pivotal trials. Long-term follow-up data did
show an association between low IgG (<5.65g/L) and serious
infection.!? Increased rates of infections have already been linked
to hypogammaglobulinemia in the context of anti-CD20 therapy
with rituximab.!%?*° Several real-world ocrelizumab studies
have shown mixed results with one demonstrating reduced
infection risk with elevated IgG and IgA but others showing no
interaction.!”!®2° Other variables like age, sex and EDSS show
inconsistent associations with infection risk probably reflecting the
non-uniform risk profile across MS patients.

The SARS-CoV-2 pandemic has put a larger emphasis on
better understanding infection risk and optimizing infection
prevention strategies. Moreover, it has been shown that anti-
CD20 agents subject patients to higher risk of severe SARS-CoV-2
infection.?>*! While there are no current specific MS studies looking
at hypogammaglobulinemia’s impact on SARS-CoV-2 evolution,
small non-MS cohorts do suggest higher rates of severe infection,
superinfections, need for mechanical ventilation and prolonged
disease course.*> While our cohort had low rates of SARS-CoV-2
infection, likely in the context of heightened precautionary measures
and the timing of the data collection, we believe this further
emphasizes the importance of monitoring immunoglobulin levels,
especially in people with MS treated on ocrelizumab who are
experiencing recurrent and/or severe infections.

We note that a very small minority of patients in our cohort had
baseline hypogammaglobulinemia (of which the majority were
IgM). There are currently no guidelines on ocrelizumab initiation
strategies in this context. We believe that for minor decreases in
immunoglobulins it could be reasonable to retest levels to see if
they normalize. However, in contexts with more significant levels
of hypogammaglobulinemia before treatment, it might be safer to
consider alternative DMT options.
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There are several limitations in this study. This study has an
observational retrospective design. The follow-up duration was
similar to other real-world studies but considerably shorter
than the safety data from pivotal trials, potentially explaining
differences in rates of hypogammaglobulinemia, especially for
slowly declining subtypes like IgG and IgA. Timing between
infusions was considerably affected for several patients during the
SARS-CoV-2 pandemic which could have underestimated the
rates of hypogammaglobulinemia and infection. A significant
proportion of patients had missing baseline data with a higher
representation coming from patients with treatment initiation at
the beginning of the follow-up period. Serious infection definition
varies significantly between studies which could explain discrep-
ancies and there is possibility of reporting bias considering data
was only obtained from one hospital center’s electronic medical
records. The pandemic and its associated precautionary measures
may also have created a protective effect resulting in a lower-than-
normal infection risk. It is important to note that evaluating only
serious infection risk allowed us to avoid underestimating non-
serious infection risk given these circumstances.

Conclusion

Overall, our large real-world cohort confirms the risk of
hypogammaglobulinemia across all immunoglobulin subtypes
with a cumulative effect for MS patients under ocrelizumab
therapy. We also showed significant serious infection risk, worse in
the PPMS subgroup emphasizing the need to be more cautious
when prescribing anti-CD20 therapy in this population. There was
no interaction found between hypogammaglobulinemia and
serious infection risk. These real-world studies add much needed
generalizability to the pivotal trial data and emphasize the risks
associated with anti-CD20 therapy.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/cjn.2024.21.
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