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Abstract
Background: Anti-CD20 agents are commonly used in MS, NMOSD, and MOGAD. Few studies have
compared strategies to address hypogammaglobulinemia.
Objective: To compare strategies to manage secondary hypogammaglobulinemia in neuroimmunology
patients, including reducing anti-CD20 dose and dosing frequency, IVIG/SCIG, anti-CD20 cessation,
and DMT switches.
Methods: All MS, NMOSD, and MOGAD patients at our institution with hypogammaglobulinemia on
anti-CD20 agents from 2001 to 2022 were analyzed. The median change in IgG, infection frequency,
and infection severity before and after the treatment was calculated.
Results: In total, 257 patients were screened, and 30 had a treatment for hypogammaglobulinemia. IVIG/
SCIG yielded the largest increase in IgG per year (674.0mg/dL), followed by B-cell therapy cessation
(34.7mg/dL), and DMT switch (5.9mg/dL). Dose reduction had the largest decrease in yearly infection
frequency (2.7 fewer infections), followed by IVIG/SCIG (2.5 fewer), DMT switch (2 fewer), and
reduced dosing frequency (0.5 fewer). Infection grade decreased by 1.9 for reduced dosing frequency
(less severe infections), by 1.3 for IVIG/SCIG, and by 0.6 for DMT switch.
Conclusion: This data suggests that IVIG/SCIGmay yield the greatest recovery in IgG while also reducing
infection frequency and severity. Stopping anti-CD20 therapy and/or switching DMTs also increase IgG
and may lower infection risk.

Keywords: B cell depletion, anti-CD20 monoclonal antibodies, hypogammaglobulinemia, multiple
sclerosis, neuromyelitis optica, neuroimmunology

Date received: 14 December 2022; accepted: 31 May 2023

Introduction
B-cell-depleting anti-CD20 monoclonal antibodies are
increasingly used as therapies for autoimmune diseases
of the CNS. Rituximab, a chimeric anti-CD20 monoclo-
nal antibody,1 is a commonly-used off-label therapy for
aquaporin-4-positive neuromyelitis optica spectrum dis-
orders (AQP4 IgG positive NMOSD).2,3 Rituximab is
also used off-label in some patients with MS and
myelin oligodendrocyte glycoprotein antibody-asso-
ciated disease (MOGAD).4,5 In addition, ocrelizumab
and ofatumumab,6,7 which are humanized anti-CD20
monoclonal antibodies, are FDA-approved and effective
therapies for relapsing MS. Ocrelizumab also reduces
disability in primary progressive MS.8

B-cell-depleting therapies often produce long-term
sustained clinical responses in neuroinflammatory
diseases; however, a subset of patients may
develop secondary hypogammaglobulinemia and
serious infections related to prolonged immunother-
apy.9 Variable definitions and cut-offs for hypogam-
maglobulinemia are employed in the literature,
leading to wide variations in incidence estimates.
Hypogammaglobulinemia of all subtypes – IgA,
IgM, and IgG – can occur with B-cell depletion, but
reduced levels of IgG have been particularly
linked to increased infection risk.10–12

Hypogammaglobulinemia is therefore commonly
defined as a deficiency in serum levels of IgG below
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600–700mg/dL.13–16 Studies investigating the inci-
dence and consequences of hypogammaglobulinemia
associated with anti-CD20 therapy in neuroinflamma-
tory diseases have yielded conflicting results. A
limited number of real-world observational studies
have shown that long-term rituximab therapy in
NMOSD9,14,17 and MOGAD14 is associated with
hypogammaglobulinemia (IgG < 600–700mg/L) in
60%–70% of patients and serious infection in 10%–
20% of those patients. One study of rituximab use
in NMOSD further found that hypogammaglobuline-
mia was present prior to rituximab treatment in 36%
of patients with low IgG in the setting of prior
immunotherapy.17

There is currently no consensus about the optimal
approach to managing secondary hypogammaglobuli-
nemia in patients treated with anti-CD20 agents.
Conservative management strategies such as
extended dosing intervals of anti-CD20 agents, dose
reductions, or switching disease-modifying therapy
(DMT) to an agent that does not cause low
IgG levels are frequently utilized. However, intraven-
ous immunoglobulin (IVIG) and subcutaneous
immunoglobulin (SCIG) offer a potential strategy to
proactively treat the secondary hypogammaglobuline-
mia. Although few studies have examined immuno-
globulin replacement therapy for neuroinflammatory
diseases, studies in other autoimmune diseases13,18

and lymphoma16 have found that immunoglobulin
replacement reduces infection risk in patients with
symptomatic hypogammaglobulinemia. IVIG and
SCIG can reduce severe infection risk, but high
costs, need for administration at infusion centers for
intravenous access, and risk of acute kidney injury
and thromboembolism may limit the utility of these
treatments.19

This retrospective study aims to compare the efficacy of
strategies to manage hypogammaglobulinemia in MS,
NMOSD, and MOGAD patients treated with rituximab,
ocrelizumab, or ofatumumab. Specifically, we examined
the outcomes after anti-CD20 dose reduction, reduced
dosing frequency, anti-CD20 therapy cessation, DMT
switches, and immunoglobulin replacement therapy in
patients with hypogammaglobulinemia. The impact of
these strategies was compared in terms of the effect on
immunoglobulin levels and infection risk.

Materials and methods
All MS, NMOSD, and MOGAD patients within the
Mass General Brigham system with hypogammaglo-
bulinemia (IgG < 650mg/dL) taking rituximab, ocre-
lizumab, or ofatumumab from 2001 to 2022 were

identified using the Mass General Brigham Research
Patient Data Registry (RPDR).20 While 650 mg/dL
is not particularly low, this cutoff was chosen based
on the lower limit of reference interval (95%) and
reflects thresholds commonly reported in the literature.21

Patients who had comorbid cancer diagnoses on chemo-
therapy, patients with a history of hematopoietic stem
cell transplant, and patients younger than 18 years
were excluded. Ethics committee approval and waiver
of informed consent was obtained (Mass General
Brigham IRB #2019P003556).

Electronic medical records were used to determine the
following in the identified patients: age, sex, and date
of birth; other major comorbidities; CNS disease
phenotype; date of CNS disease onset; dose and
dosing interval of anti-CD20 therapy; date of initial
hypogammaglobulinemia and subsequent IgG levels
during anti-CD20 therapy (typically checked at
6-month intervals); use of IVIG/SCIG, including fre-
quency and duration; cessation of anti-CD20 therapy
and/or switch to other DMTs; number of clinical
relapses per year; CD19+/CD20+ B-cell repopula-
tion; number of infections per year while on
anti-CD20 therapy; and severity of infections.

Relapses were defined as objective worsening of
existing symptoms or new neurological symptoms
lasting at least 24 h and preceded by at least 30 days
of clinical stability. CD19+/CD20+ B-cell repopula-
tion was defined as cell counts of 10/uL or higher or
percentages of >0.2%. Infections were graded based
on the Common Terminology Criteria for Adverse
Events v4.0 as follows: grade 1: asymptomatic, patho-
logic, or radiographic findings only; grade 2: loca-
lized, local, or noninvasive intervention indicated;
grade 3: IV antibiotic, antifungal, or antiviral inter-
vention indicated, interventional radiology or opera-
tive intervention indicated; grade 4: life-threatening
consequences (septic shock, hypotension, acidosis,
and necrosis); and grade 5: death.22 Infections were
documented based on those mentioned in electronic
medical records from neurology, infectious disease,
and allergy/immunology providers (as available).
Baseline IgG levels were documented as the first
recorded IgG< 650mg/dL during B-cell therapy, as
we aim to study the impact of treatments for
hypogammaglobulinemia.

Patients were divided into the following groups
according to the strategy used to address hypogamma-
globulinemia: dose reduction, reduced dosing fre-
quency, DMT switch, cessation of B-cell therapy,
IVIG/SCIG, and an untreated group. Outcomes
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measured during the treatment included repopulation
of CD19+/CD20+ B-cells, the number of clinical
relapses at any point during treatment, and the
median follow-up time between the initiation of the
treatment for hypogammaglobulinemia and the last
recorded time a patient was seen. Outcomes measured
before and after the treatment included change in IgG
per year; number of infections per year; and infection
severity. While current guidelines recommend treat-
ing only symptomatic hypogammaglobulinemia, we
included all patients treated for hypogammaglobuli-
nemia regardless of their tendency toward infection
to limit selection bias and better understand the
impact of the studied treatments.

All analyses were performed using SAS software
(Cary, NC). Medians and quartiles were reported for
continuous variables and frequencies and relative
frequencies were reported for categorical variables.
The nonparametric Kruskal-Wallis test was used to
compare groups with continuous variables and
pairwise comparisons were performed using the
Wilcoxon rank-sum test. Spearman’s rank-order cor-
relation was used to evaluate the association
between two ranked variables. P-values <0.05 were
considered significant.

Results
A total of 257 patients with hypogammaglobulinemia
meeting inclusion criteria were identified, of which 39
had a documented strategy to address hypogamma-
globulinemia and were included in the treated
groups. A total of three patients had a dose reduction;
eight had decreased dosing frequency; seven stopped
B-cell therapy; seven switched DMTs; five received
IVIG/SCIG; nine took extended treatment holidays
out of caution during the COVID-19 pandemic.
Dose reductions ranged from 25% to 50% reductions
of standard doses (i.e., 500–750 mg of rituximab and
300 mg of ocrelizumab). Interval extensions ranged
from receiving B-cell therapy every 7–14 months
rather than the standard 6 months. Immunoglobulin
levels and infections were monitored for these
patients, and dosing intervals were adjusted as neces-
sary according to clinical judgement. Dosing regi-
mens for IVIG/SCIG ranged from 0.4 to 2 g/kg
monthly. The median BMI of the five patients who
received IVIG/SCIG was 23.1 kg/m2 (20.8, 28.3).

Table 1 summarizes baseline clinical characteristics
before the treatment as well as outcomes during the
treatment for these 39 patients. Of note, two patients
experienced a combination of two strategies to
address hypogammaglobulinemia and were not

included in Table 1 or in the final analysis due to an
inability to assess the differential impact of the two
strategies. An additional 10 patients underwent a
strategy to address hypogammaglobulinemia but
were not included in the treated groups due to a
lack of follow-up assessing infectious history and/or
change in IgG. These patients were included in the
untreated group in Table 1, which includes 216
patients.

Two patients had CD19+/CD20+ B-cell repopulation
in the reduced dosing frequency group, and one
patient relapsed in the IVIG/SCIG group (Table 1).
The patient who relapsed had secondary progressive
MS treated with rituximab but stopped rituximab
and started IVIG due to recurrent infections. While
off rituximab, the patient had two mild relapses that
resolved spontaneously.

The nine patients who took extended treatment holi-
days during the COVID-19 pandemic were included
as a separate “extended treatment holiday” group
that was not compared with the other five treated
groups, as treatment pauses were not one of the five
strategies to address hypogammaglobulinemia that
we intended to study. Overall, the median total treat-
ment holiday was 18 months. Median IgG levels
increased by 42.8mg/dL per year during the treatment
holiday and decreased by 45.9mg/dL per year after
the holiday. Also, the median change in the number
of infections per year and infection severity were
both 0 during and after the holiday. Importantly, no
patients in this group relapsed during or after the
holiday. However, two patients had repopulation of
CD19+/CD20+ B-cells toward the end of their treat-
ment holidays. Figure 4 shows the change in IgG
(Figure 4(a)), infection frequency (Figure 4(b)), and
infection severity (Figure 4(c)) in these patients
before, during, and after the extended treatment
holidays.

The median annual change in IgG among the five
treated groups and the untreated group is summarized
in Table 2. As expected, IVIG/SCIG supplementation
yielded the largest increase in IgG per year (674.0mg/
dL), followed by cessation of B-cell therapy (34.7mg/
dL), and DMT switch (5.9mg/dL). IgG decreased by
2.3mg/dL per year in the reduced dosing frequency
group, by 18.2mg/dL in the untreated group, and by
35.8mg/dL in the dose reduction group. For the stat-
istical analysis comparing IgG levels between treated
groups, the IVIG/SCIG group was excluded due to
the significant and artificial increase in IgG. Among
the four remaining treated groups, no significant
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differences were observed in terms of the median
change in IgG per year. Likewise, no significant dif-
ferences in the change in IgG were observed
between the four treated groups and the untreated
group. Figure 1 illustrates the annual change in IgG

among the five treated groups before and after
treatment.

Table 3 summarizes the change in yearly infection
number among the five treated groups and the

Table 1. Clinical characteristics of the treated and untreated groups.

Treated Groups
(n= 39)

Untreated Group
(n= 216)

Median Age, (Q1, Q3) 57.9 (49.6, 65.8) 58.6 (53.2, 66.0)
Female Patients, n (%) 27 (69.2) 155 (71.8)
Patients w/ MS, n (%) 30 (76.9) 202 (93.5)
Patients w/ NMOSD, n (%) 8 (20.5) 8 (3.7)
Patients w/ MOGAD, n (%) 1 (2.6) 6 (2.8)
Patients w/ Other Major Comorbidities, n (%) 33 (84.6) 157 (72.7)
Patients w/ History of Rituximab Use, n (%) 32 (82.1) 100 (46.3)
Patients w/ History of Ocrelizumab Use, n (%) 16 (41.0) 156 (72.2)
Patients w/ History of Ofatumumab Use, n (%) 0 7 (3.2)
Median Baseline Level of Hypogammaglobulinemia during
B-cell Therapy (mg/dl)

537 (438, 619) 591 (534, 641)

Patients w/ Hypogammaglobulinemia Before Starting B-cell
Therapy, n (%)

7 (17.9) 53 (24.5)

Patients w/ Infections During B-cell Therapy (before the treatment
for hypogammaglobulinemia in treated groups), n (%)

27 (69.2) 53 (24.5)

Outcomes
Patients who Relapsed During Treatment for
Hypogammaglobulinemia, n (%)

1 (2.6) N/A

Patients w/ B-cell Repopulation During Treatment for
Hypogammaglobulinemia, n (%)

4 (10.3) N/A

Median Follow-up Time During Treatment for
Hypogammaglobulinemia (months)

22.4 (11.8, 31.1) N/A

Figure 1. Xy scatter plot depicting the change in median IgG per year before and after strategies were implemented to
address hypogammaglobulinemia.
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untreated group. The dose reduction group had the
largest decrease in the number of infections per year
(2.7 fewer infections), followed by IVIG/SCIG (2.5
fewer), DMT switch (2 fewer), and reduced dosing
frequency (0.5 fewer). Among the five treated
groups, no significant differences were observed in
terms of the median change in the number of infec-
tions per year. Pairwise comparisons between the
treated groups and the untreated revealed that the
dose reduction, DMT switch, cessation of B-cell
therapy, and IVIG/SCIG groups all had significantly
fewer infections per year compared to the untreated
group. Figure 2 illustrates the change in yearly infec-
tion number among the five treated groups before and
after treatment.

Median infection grade decreased by 1.9 in the
reduced dosing frequency group (less severe infec-
tions), by 1.3 in the IVIG/SCIG group, and by 0.6
in the DMT switch group (see Table 4).
Median change in infection severity was 0 in the
dose reduction, cessation of B-cell therapy, and
untreated groups. Among the five treated groups, no
significant differences were observed in terms of the
median change in infection severity. Pairwise com-
parisons between the treated and untreated groups
revealed that the reduced dosing frequency, DMT
switch, and IVIG/SCIG groups had significantly
fewer infections compared to the untreated group.
Figure 3 illustrates the median infection severity
among the five treated groups before and after the
treatment.

Table 5 demonstrates the strength and direction of the
association between changes in IgG levels and infection
frequency and severity for the treated and untreated
groups. Among the treated patients, the spearman’s
rank correlation between change in IgG levels and infec-
tion frequency and severity was −0.23 and −0.11,
respectively, meaning that increases in IgG were asso-
ciated with reduced infection frequency and severity.
However, these associationswere not statistically signifi-
cant. For the 216 untreated patients, there was a smaller
negative correlation between change in IgG levels
and infection frequency (r=−0.05) and severity (r=
−0.06), with no significant associations found.

Discussion
Few studies have examined the impact and efficacy of
strategies other than immunoglobulin replacement
therapy to address secondary hypogammaglobuline-
mia in neuroinflammatory disease. Our study offers
preliminary insight into the differential impact of
other strategies on IgG recovery, infection frequency,T
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infection severity, B-cell repopulation, and clinical
relapses. Only one patient (IVIG/SCIG group) experi-
enced mild relapses and two patients (reduced dosing
frequency) had early B-cell repopulation, although an
extended follow-up period is necessary to adequately
assess the risk of relapse and waning efficacy of treat-
ment in the therapy cessation group.

As expected, immunoglobulin replacement therapy
yields the greatest recovery in IgG levels. While no sig-
nificant differences were observed between the other
treated groups and the untreated group, B-cell therapy

cessation and switching DMTs to agents other than
anti-CD20 monoclonal antibodies may also increase
IgG over time, although our follow-up time was
limited. Reducing the dose and dosing frequency of
anti-CD20 agents may not be sufficient to boost IgG
levels over time. One study in NMOSD similarly
found no association between hypogammaglobinemia
and the number of rituximab cycles or the duration of
rituximab treatment, although their small sample size
limited robust statistical analysis.17 Interestingly, a retro-
spective study of rituximab-treated NMOSD patients
found that a low annual rituximab dose was associated

Table 3. Change in median infection frequency per year for treated groups and untreated group.

Change in Infection Rate
(# infections/ year)

Pairwise
Difference* Any Difference**

Group n Median [Q1, Q3]
Wilcoxon Rank
Sum p-value

Kruskal-Wallis
p-value

Kruskal-Wallis
p-value

Dose
Reduction

3 −2.7 [−6.0, 0] 0.004 0.001 0.5

Reduced
Dosing
Frequency

8 −0.5 [−2.8, 1.0] 0.099

DMT Switch 7 −2.0 [−2.5, −1.5] <0.001
B-cell Therapy
Cessation

7 0 [−4.0, 0] 0.007

IVIG/SCIG 5 −2.5 [−4.0, −2.0] <0.001
Untreated 216 0 [0, 0] Ref

* Testing pairwise differences, if an individual treated group is different from untreated group (Ref).
** Testing overall difference, if at least 1 individual group is different among the unshaded groups.

Figure 2. Xy scatter plot depicting the change in the median number of infections per year before and after strategies were
implemented to address hypogammaglobulinemia.
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with increased hypogammaglobulinemia risk, suggest-
ing that patients with delayed memory B-cell reconstitu-
tion may be at higher risk for
hypogammaglobulinemia.23 Another study in
rituximab-treated granulomatosis with polyangiitis
patients found that 1 gram biannual treatment increased
the risk of hypogammaglobulinemia compared to a 2
gram annual regimen, suggesting that intermittent
B-cell recovery may protect against

hypogammaglobulinemia.15 The patients in our study
with decreased IgG levels following anti-CD20 dose
reduction or reducing dosing frequency may similarly
have delayed memory B-cell repopulation and were
thus more prone to develop hypogammaglobulinemia.

Our results provide interesting observations on the
impact of hypogammaglobulinemia management
strategies on infection risk. No significant differences

Figure 3. Xy scatter plot depicting the change in median infection severity before and after strategies were implemented to
address hypogammaglobulinemia.

Table 4. Change in median infection severity for treated groups and untreated group.

Infection
Severity

Pairwise
Difference* Any Difference**

Group n
Median
[Q1, Q3]

Wilcoxon Rank
Sum p-value

Kruskal-Wallis
p-value

Kruskal-Wallis
p-value

Dose Reduction 3 0 [−2.1, 0] 0.05 0.001 0.6
Reduced Dosing
Frequency

8 −1.9 [−2.2, 0.5] 0.003

DMT Switch 7 −0.6 [−1.0, 0.5] 0.008
B-cell Therapy
Cessation

7 0 [−2.0, 1.0] 0.19

IVIG/SCIG 5 −1.3 [−1.3, -1.0] <0.001
Untreated 216 0 [0, 0] Ref

* Testing pairwise differences, if an individual treated group is different from untreated group (Ref).
** Testing overall difference, if at least 1 individual group is different among the unshaded groups.
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were found among the five treated groups in terms of
infection frequency and severity; however, IVIG/
SCIG, switching DMTs, and reducing the dosing fre-
quency trended towards decreasing both the infection

frequency and severity. The dose reduction group also
had a trend toward decreased infection frequency.
Neither the B-cell therapy cessation nor untreated
groups appeared to have any change on infection

Figure 4. Xy scatter plot depicting the change in median IgG per year (A), yearly infection frequency (B), and infection
severity (C), before, during, and after extended treatment holidays.

Table 5. Association between IgG levels and infection risk.

Group n

Spearman Correlation
Coefficient for
Infection Frequency p-value

Spearman Correlation
Coefficient for
Infection Severity p-value

Treated 30 −0.23 0.23 −0.11 0.59
Untreated 216 −0.05 0.49 −0.06 0.41
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frequency or severity. Moreover, when compared to
the untreated group, IVIG/SCIG and DMT switch
were associated with a lower infection frequency
and severity. Also, compared to the untreated group,
dose reduction and B-cell therapy cessation were
associated with lower infection frequency, and
reduced dosing frequency was associated with lower
infection severity. The overall proportion of patients
on anti-CD20 therapies with infections in our cohort
(69%) is in line with that from a similar small study
conducted at a tertiary neuroimmunology clinic
(73%),14 although the incidence of infections is
known to vary with patient disability and follow-up
time.14,23–25 The proportion of patients with infections
on B-cell therapy was greater in the treated groups than
the untreated group, although about 30% of patients
underwent a treatment for hypogammaglobulinemia
only because of low IgG and not due to a significant
infectious history, which limits selection bias.

Our results on infection frequency and severity are
largely in line with those from previous studies asses-
sing the impact of dose adjustments on lowering
infection risk while still maintaining efficacy.
Indeed, shorter rituximab dosing intervals in some
NMOSD and MOGAD patients with earlier B-cell
repopulation has been linked to higher infection risk
that is presumably related to lower IgG levels.14

Studies in rituximab-treated MS patients have also
shown that extended dosing intervals may be asso-
ciated with a low MS relapse risk.26–28 These findings
suggest that extending the dosing interval of
anti-CD20 agents may improve safety concerns
related to hypogammaglobulinemia in neuroimmu-
nology patients without necessarily compromising
efficacy. While we observed no relapses in the three
NMOSD patients treated with extended dosing inter-
vals, it is important to acknowledge that this strategy
may pose safety concerns in NMOSD, as even
minimal B-cell repopulation may provoke relapses
causing further neurologic disability.14,29 A study of
rituximab-treated rheumatoid arthritis patients found
that reduced doses decreased the rate of severe infec-
tion while maintaining adequate disease control at 5
years.30

Interestingly, although IVIG/SCIG supplementation
may yield the greatest recovery in IgG levels, it did
not seem to lower infection susceptibility as much
as other strategies in our cohort. While IVIG/SCIG
supplementation has been shown to reduce infection
frequency in rituximab-treated lymphoma16 and auto-
immune vasculitis31 patients, other reports have found
conflicting results. One study of rituximab-treated

patients with autoimmune diseases found no benefit
of immunoglobulin replacement therapy in prevent-
ing severe infections, particularly of the respiratory
tract.13 Immunoglobulin replacement therapy may
not benefit patients with certain comorbidities and
chronic airway damage.13 Another study found that
reductions in infection frequency and severity seen
in rituximab-treated vasculitis patients were not sus-
tained in patients with severe respiratory disease.31

Finally, no studies have discussed the impact of
switching DMTs in neuroimmunology patients with
hypogammaglobulinemia secondary to anti-CD20
agents. In our study, seven patients switched from
anti-CD20 agents to other DMTs such as mycopheno-
late mofetil, glatiramer acetate, fingolimod, and teri-
flunomide. DMT switch appeared to increase IgG
levels over time while also lowering infection risk
in our cohort, and while none of these patients
relapsed, it is important to recognize that these
DMTs are less efficacious than anti-CD20 therapies
and thus patients may eventually relapse.
Nevertheless, switching to other DMTs may be an
option for patients who experience severe hypogam-
maglobulinemia and significant infections while on
B-cell therapy.

The relationship between hypogammaglobulinemia
and infection risk remains controversial. Interestingly,
the treated and untreated groups in our cohort had
similar baseline levels of hypogammaglobulinemia,
suggesting that factors in addition to IgG levels
impact the decision to treat hypogammaglobulinemia.
Tendency toward infection likely played a role in our
cohort, as a higher percentage of the treated groups
had infections documented during B-cell therapy com-
pared to the untreated group.Whilewe found no signifi-
cant association between increasing IgG levels and
lowering infection frequency or severity, we observed
a small but negative correlation between these variables
in the treated and untreated groups. Furthermore, the
strength of the correlation appears larger in the treated
groups, perhaps suggesting an additional protective
effect provided by the treatments for hypogammaglo-
bulinemia. Given our small cohort sizes for the treated
groups, however, we were unable to assess the impact
of individual treatment strategies on the association
between IgG recovery and infection risk. Nonetheless,
certain strategies such as IVIG/SCIG and DMT
switches appear to increase IgG while also lowering
both infection frequency and severity.

Because B-cell-depleting therapies modulate the
immune system in several ways, infection risk may
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be related to treatment effects beyond hypogammaglo-
bulinemia.32 A retrospective study of rituximab-
treated NMOSD patients found no association
between hypogammaglobulinemia and infection risk
and instead found that high EDSS scores at rituximab
initiation and relapses during rituximab treatment
increased infection risk, likely due to increased neuro-
logic disability and need for steroid administration.23

In other studies, however, hypogammaglobulinemia
significantly increased infection risk in rituximab-
treated MS,25 NMOSD,14,33 and MOGAD14 patients.
Several other factors, such as prior immunosuppres-
sion exposure, hypogammaglobulinemia prior to
B-cell therapy initiation, and male sex have also
been shown to increase infection risk.33 The variable
definitions and cutoffs for hypogammaglobulinemia
reported in the literature may also obscure the relation-
ship between low IgG levels and infection risk. The
association between hypogammaglobulinemia and
infection risk may be attenuated in some studies if
patients stopped anti-CD20 therapy due to low IgG
before any infections occurred. Nonetheless, it is pos-
sible that low IgGmay not necessarily impact infection
risk given that rituximab only partially depletes B cells
in the bonemarrow and lymphoid organs and thusmay
spare enough B-cells in other tissues to maintain
adequate humoral immunity.23,32

Observations from the cohort of patients who took
extended treatment holidays during the COVID-19
pandemic suggest that anti-CD20 therapy withdrawal
during a median period of 18 months was associated
with increasing IgG levels and no change in infection
frequency or severity. No patients in our cohort
relapsed during the treatment holiday, and only two
patients experienced early B-cell repopulation.
Although our results suggest that extended treatment
holidays may lead to IgG recovery without greatly
impacting disease activity, the short follow-period
limits our ability to draw robust conclusions about
the safety and efficacy of this strategy.

Major limitations to our study include the small
number of patients with treated hypogammaglobuline-
mia and lack of long-term follow-up, which limit
assessment of the differential efficacy of management
strategies, including specific dosing regimens of B-cell
therapies. Furthermore, while evaluating the number
of clinical relapses per year captures disease activity
and reflects DMT efficacy, it fails to assess important
aspects of neurological functioning and progression.
Higher EDSS scores are associated with infection
risk,23 but insufficient data was available in our
medical records to consistently assess neurological

status as measured by the EDSS. Also, the number
of yearly infections was potentially underestimated,
as some infections were likely not documented in the
records. These undocumented infections were likely
mild, so the overall infection grade may be
artificially-inflated. Nevertheless, severe infections
were readily documented in the records and it is clin-
ically relevant to focus on these when evaluating the
efficacy of strategies to address hypogammaglobuline-
mia. Lastly, imbalances in baseline characteristics
between the treated and untreated groups, such as
higher rates of NMOSD, prior rituximab use, and base-
line infections amongst the treated groups compared to
untreated may contribute to confounding of the results.
Along those lines, our small number of NMOSD and
MOGAD patients limited our ability to analyze the
safety and efficacy of treatments for hypogammaglobuli-
nemia within different disease categories, which likely
makes our results more relevant to the MS population.
It is important to acknowledge that decisions surrounding
hypogammaglobulinemia treatment should depend on
disease type. For example, extended dosing intervals
are likely less safe in NMOSD14,29 than MS,26–28 and
IVIG supplementation may treat hypogammaglobuline-
mia while also protecting against relapses inMOGAD.34

Given the increased utilization of B-cell-depleting
therapies in CNS inflammatory diseases, it is import-
ant to further explore the management of hypogam-
maglobulinemia in neuroinflammatory disease.
Overall, this study offers important preliminary data
that expands the discussion of strategies to address
hypogammaglobulinemia secondary to anti-CD20
therapies in neuroimmunology patients. Despite our
small sample size and limited follow-up time, our
results suggest that cost-effective and less-invasive
strategies such as dose adjustments and DMT
switches may offer safe and effective alternatives to
IVIG/SCIG in certain patients. Large-scale prospect-
ive studies are needed to fully assess the safety,
efficacy, and feasibility of such strategies in neuroim-
munology patients on B-cell-depleting therapies.
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