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Purpose of review

Induction of lymphocyte depletion is increasingly used as a therapeutic strategy for central and peripheral
neuroinflammatory disease. However, there is also a growing recognition of the treatment-related
complication of secondary antibody deficiency (SAD). Although the occurrence of
hypogammaglobulinaemia is a recognized phenomenon during immunomodulation, robust data on the
coexistence of impaired responses to immunization, and significant and/or atypical infections is scarce.
Here we review the literature on SAD in anti-CD20 therapy.

Recent findings

Several factors that may increase the incidence of SAD have now been identified, including low levels of
immunoglobulins prior to the commencement of B-cell ablation therapy, duration of maintenance therapy,
and concurrent or prior use of other immunosuppressing agents such as cyclophosphamide and steroids.

Measurement of disease-specific antibodies and vaccine response are likely to be helpful adjuncts to
measurement of serum immunoglobulin levels during B-cell depleting therapy. Supportive treatment may
include amending the treatment schedule to limit cumulative dose.

Summary

B-cell depleting agents offer considerable therapeutic benefit in neurology. We propose modifications in
current practice that include risk stratification and early identification of SAD, with the aim of minimising
morbidity and mortality related to this underappreciated condition.
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The role of B-cells in neurological disease

B cells are known to play a significant role in the
pathogenesis of a wide range of diseases affecting
the central and peripheral nervous system. Some are
directly attributable to the presence of pathogenic
autoantibodies, for example, myasthenia gravis
(antiacetylcholine receptor or antimuscle-specific
tyrosine kinase antibodies), neuromyelitis optica
(NMO; antiaquaporin-4 or antimyelin oligodendro-
cyte glycoprotein antibodies), and autoimmune
encephalitis (anti-N-methyl-D-aspartate receptor
or anti-voltage gated potassium channel antibod-
ies). Although others are presumed to be antibody
mediated because of their response to plasma
exchange and/or lymphocyte depleting agents,
even though a pathogenic antibody is not always
demonstrated, for example, chronic immune demy-
elinating polyneuropathy (CIDP) or primary cere-
bral vasculitis. In multiple sclerosis (MS), B cells are
thought to play a pathogenic role via other mecha-
nisms. The presence of cerebrospinal fluid-specific
oligoclonal IgG bands form part of the diagnostic
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criteria of MS [1], and meningeal ectopic B-cell
follicles have been observed, occurring in close
proximity to areas of focal cortical demyelination,
although their exact role remains unclear [2].
Following the increasing recognition of the key
role that B cells play in neuroinflammatory disease,
there is increasing focus on agents that are able to
reduce circulating lymphocytes and act as disease-
modifying drugs. These include alemtuzumab, azathi-
oprine, bortezomib, cladribine, corticosteroids, cyclo-
phosphamide, cyclosporine, dimethyl fumarate,
fingolimod, mycophenolate mofetil, and terifluno-
mide, which are all used for disease modification in
neurological disease and could all conceivably reduce
levels of circulating immunoglobulin. However, in
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Primary immune deficiency disease

KEY POINTS

e The use of anti-CD20 and anti-CD19 agents targeting B
cells in neurology is growing and many disorders will
require maintenance therapy.

e SAD is being increasingly recognized following B-cell
ablation therapy for neurological disease.

e Baseline assessment of immunoglobulins, specific
antibodies, infection burden, and co-morbidities is
required before commencement of therapy.

e Risk factors for the development of SAD include lower
immunoglobulin levels at baseline, maintenance and
combined therapies, and significant immunosuppressive
treatment prior to B-cell therapy.

e Monitoring of immunoglobulin levels, specific
antibodies, memory B cells, and infection burden
allows risk stratification and intervention.

e Selected patients may benefit from IGRT and a cross-
specialty approach with the involvement of both
Neurology and Immunology.

this review, we will focus on the relationship between
biologic treatments that selectively deplete cells
expressing CD19 or CD20 and may result in secondary
antibody deficiency (SAD).

The use of B-cell depletion in the treatment
of neurological disease

Monoclonal antibodies with a fragment antigen
binding domain targeted to CD20 are used in several
medical subspecialties to deplete B cells. Rituximab,
a first generation, chimeric IgG1 mAb, was the first
anti-CD20 mAb to be approved in 1997 for the
treatment of B-cell lymphomas. Anti-CD20 mAbs
induce B-cell depletion via a combination of mech-
anisms including antibody-mediated cytotoxicity,
complement-mediated lysis, induction of apoptosis,
and growth arrest [3]. Anti-CD19 therapies, which
are now also available, may offer improved efficacy
compared to anti-CD20 therapies but with poten-
tially higher risks.

Rituximab has been licensed since 1998 for the
treatment of B-cell leukaemia and lymphoma, refrac-
tory theumatoid arthritis and severe antineutrophil
cytoplasmic antibody (ANCA)-associated vasculitis.
However, unlicensed use of rituximab in a number of
neuroinflammatory diseases is also growing. There is
support from phase II and uncontrolled cohort stud-
ies for the safety and effectiveness of rituximab in
reducing disease activity in relapsing-remitting MS
[4]. A phase Il study of rituximab for primary progres-
sive MS (PPMY) failed to reach its primary outcome of
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time to confirmed disease progression. However,
subgroup analysis demonstrating benefit in younger
individuals with inflammatory MRI lesions has led to
some off-label use of rituximab for PPMS [5]. Ritux-
imab is now widely used for neuromyelitis optica
spectrum disorder (NMOSD) in Europe and North
America on the basis of a large body of observational
evidence and some limited trial data on its efficacy in
reducing relapse rates [6%,7]. There is also growing
evidence that rituximab is associated with favourable
clinical outcomes (improved clinical scores and
relapse rates) in people with refractory myasthenia
gravis [8,9%,10].

Repeated infusions of rituximab are usually
employed to maintain remission in MS, NMOSD,
and myasthenia gravis [9%,10]. In contrast, short
term use of rituximab has been employed in auto-
immune limbic encephalitis (associated with anti-
N-methyl-D-aspartate-receptor and anti-leucine-
rich glioma-inactivated-1, anti-contactin-associated
protein 2 antibodies), inflammatory neuropathies
[CIDP, multifocal motor neuropathy, and anti-mye-
lin-associated glycoprotein (MAG) neuropathy],
stiff person syndrome, and primary central nervous
system (CNS) vasculitis, often as second-line therapy
in the context of refractory disease [11-20]. In some
of these conditions, such as autoimmune limbic
encephalitis, a single dose of rituximab can induce
durable disease remission. In others such as CNS
vasculitis, rituximab therapy is often followed by
an alternative maintenance immunosuppressant
regime to maintain remission.

Second and third generation anti-CD20 mAbs
have now been designed, with the aim of improving
B-cell depletion to enhance efficacy, and reducing
immunogenicity to improve tolerability. Ocrelizu-
mab, a humanized anti-CD20 mAb, administered by
6-monthly intravenous (i.v.) infusion, was recently
approved to treat relapsing and progressive forms of
MS. Ofatumumab, a fully humanized anti-CD20
mAD, administered by once-monthly subcutaneous
injection, and ublituximab (TG-1101), a chimeric
glycoengineered anti-CD20 mAb, administered by
6-monthly i.v. infusion, are both in phase 3 clinical
trials for treatment of MS. Inebilizumab (MEDI-551),
a humanized anti-CD19 mADb, is currently in a phase
3 trial in NMO spectrum disorders (NMOSD) [21].

Secondary antibody deficiency in association
with B-cell depleting therapy

Hypogammaglobulinaemia is a well-recognized
consequence of rituximab therapy for haematolog-
ical and rheumatological disease, with a reported
incidence as high as 40%. Serum IgM often appears
to be most significantly affected, followed by IgG
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[22-24,25%]. However, some reports on the timing
and duration of hypogammaglobulinaemia can be
limited in value by the lack of systematic sampling
and/or variations in treatment regimens [22,26].
One group has systematically studied change in
serum immunoglobulin following induction (2
doses of 1g rituximab administered i.v., separated
by 2 weeks) and during maintenance therapy (1g
dose every 4 months for 2 years, followed by 1g
every 6 months over a median duration of 2.4 years)
in 239 patients with ANCA-associated vasculitis
[25%]. Serum IgG levels fell by 6% per month during
the induction period and then by 0.6% per year
during maintenance therapy. Serum levels of IgM
and IgA also declined rapidly during induction ther-
apy (16 and 5% per month, respectively) and then
continued to decline, albeit at a slower rate, during
maintenance therapy (at a rate of 9 and 5% per year,
respectively).

Hypogammaglobulinaemia is less well studied
in neurological cohorts but data is valuable because
of expected differences in the co-morbidity, con-
comitant treatments and B-cell depleting treatment
regimens in other medical specialties. Bar-Or et al.
[27] report safety outcomes of 26 patients with
relapsing-remitting multiple sclerosis (RRMS) who
received 2 g rituximab at baseline and at 6 months.
Participants had 3-monthly measurement of serum
immunoglobulin for 72 weeks. Of 25 patients who
had normal baseline IgM values, 11 (44%) had a
value below the lower limit of normal (LLN) at some
time during the study. These 11 patients had an
increased incidence of overall infections, none of
which was severe or serious. Absolute serum IgG
levels were not reported, so it was not possible to
know whether absolute levels declined during treat-
ment, but no patient had developed IgG or IgA levels
below the LLN by week 72. Serum IgG titres for
tetanus generally remained unchanged over 72
weeks, and no patient who was seropositive for
mumps or rubella at baseline became seronegative
during the study [27]. In a phase 2 placebo con-
trolled trial of 6-monthly rituximab for RRMS, 108
participants had serum immunoglobulin levels
measured at baseline, 24 and 48 weeks. Although
median IgM, IgG, and IgA levels remained above the
lower limit of the normal range in both groups
throughout the trial, low IgG and IgM levels was
found to occur in 7.9 and 22.4% of patients who
received rituximab (versus 3.0 and 8.6%, respec-
tively, in patients who received placebo) [4]. Simi-
larly, in a randomized, placebo-controlled trial of 6-
monthly rituximab in 439 patients with primary
progressive MS, followed to 96 weeks, IgM levels
were recorded below LLN in 31.7% of patients
receiving rituximab and 5.9% of patients receiving
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placebo. Serum IgG and IgA levels were below LLN
in less than 5% of patients in either treatment arm
[5]. None of these studies of rituximab in MS found
an association between the occurrence of infections
and the presence of SAD. During a large retrospec-
tive review of rituximab use for MS in 822 patients in
Sweden, 25 out of 822 patients were reported to have
low IgG levels at some point during treatment;
however, serum immunoglobulins were not system-
atically measured in all patients [28%].

Pellkofer et al. [29] reported long-term follow-up
of a cohort of 10 patients who were treated with 2 g
rituximab, 6-9 monthly up to five times, as a second-
line therapy for NMO. Serum immunoglobulin lev-
els, measured every 3 months, were found to fall
below the LLN in 2 out of 10 patients after a median
follow-up of 37 months. Kim et al. [30] report a cohort
of 100 patients who received rituximab for NMOSD
over a median period of 67 months (range 9-108
months). Low IgG developed in 29% of the 41 people
who received at least 5 years of rituximab and 42% of
the 24 people who received at least 7 years of ritux-
imab (IgM 53 and 46%; [gA 10 and 25%, respectively).

Variation in the reported incidence of SAD dur-
ing rituximab treatment is inevitably influenced by
differences in the accepted LLN range for serum
immunoglobulins [31], and the duration of fol-
low-up. However, the risk of hypogammaglobuli-
naemia also appears to be higher in the individuals
with lower serum immunoglobulin at treatment
onset [22,23,26,32-35], previous or concurrent
exposure to other immunosuppressive drugs
[22,26,31,34-36], higher cumulative dose of ritux-
imab [22,32,35,37-40], older age, or co-morbid
chronic respiratory or cardiovascular disease [41].

There also appears to be variation in the recovery
of SAD in the context of anti-CD20 therapy, which is
not fully explained by treatment schedule. Roberts
et al. [26] followed 243 people who had received
rituximab for systemic autoimmune disease, for a
median of 42 months, and they found that severe
hypogammaglobulinaemia (IgG <3 g/1) developed in
7 (3%) individuals, but resolved spontaneouslyin 5, 3
of whom continued to receive rituximab. Moderate
hypogammaglobulinaemia was detected in 53 indi-
viduals (22%), but had resolved in 51% of them at the
last follow-up. It is unclear whether there was an
association between discontinuing rituximab and
recovery of serum immunoglobulin levels. Rates of
immunoglobulin replacement therapy (IGRT) in
those experiencing SAD during rituximab therapy
have been reported at ~15-20% [26,31,42].

SAD has been less well studied in newer anti-
CD20 therapies. Several phase 3 studies of ocrelizu-
mab in rheumatoid arthritis, published between
2012 and 2014, did not report data on serum
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immunoglobulins [43-47]. More recent phase 3
trials in MS suggested that ocrelizumab has a dele-
terious effect on serum immunoglobulin levels. The
proportion of patients with immunoglobulin below
the LLN at baseline was 0-0.5% (IgG), 0.2-1.5%
(IgA), and 0.1-0.2% (IgM). Following the treatment
period (96-120 weeks), the proportion of partici-
pants with immunoglobulin below the LLN was 1-
1.5% (IgG), 0.5-2.4% (IgA), and 15.5-16.5% (IgM)
[48%,49%]. Similarly, serum IgG was found to be
below the LLN at some stage in 4-10% of partic-
ipants receiving ofatumumab for rheumatoid arthri-
tis in phase 3 clinical trials [50]. So far, data on
ublituximab is limited to small phase 1 and 2 stud-
ies, with no systematically collected serum immu-
noglobulin data [51,52].

The pathogenesis of secondary antibody
deficiency in anti-CD20 therapy

A profound and durable depletion of circulating B
cells occurs within days of rituximab infusion.
Plasma cells do not express CD20 and should there-
fore be resistant to the immediate depletory effects
of anti-CD20 therapy [53]. However, two main
plasma cell populations are known to exist: short-
lived plasma cells (SLPCs), which are thought to
arise as a result of differentiation of activated B cells,
and long-lived plasma cells (LLPCs), which arise as a
result of secondary immune responses [54]. The
SLPCs are seen to disappear within a few days of
anti-CD20 therapy, when they cease to be replen-
ished by memory B cells [54]. However, the LLPC
population is thought to be a self-sustaining popu-
lation with a lifespan approaching the host and has
been shown to be resistant to anti-CD20 therapy in
the short to medium term [S5-57]. The longevity of
LLPCs appears to depend upon residence in survival
niches within the bone marrow or inflamed tissues;
and the presence of crucial supporting factors main-
tains an antiapoptotic phenotype [54]. However, it
remains unclear whether long-term humoral immu-
nity results entirely from a self-sustaining LLPC
population or whether replenishment of plasma
cells by memory B cells is required [58]. Despite
the apparent survival of LLPCs after B-cell depletion,
several clinical studies have observed a dose-depen-
dent reduction in serum immunoglobulins follow-
ing anti-CD20 therapy [32,40,59,60]. This implies
that long-term humoral immunity may be more
reliant on replenishment of plasma cells from the
B-cell progenitor pool than previously thought.
Interestingly, although a protease inhibitor can be
used to effectively abolish the LLPC population in
mice, the LLPCs repopulate within 2 weeks unless B-
cell progenitors are also depleted [61].
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Conversely, it may be that the role of SLPCs in
long-term humoral immunity has been underesti-
mated. Anti-CD19 therapy induces B-cell lympho-
penia and eliminates the CD19-positive SLPC
population, but should spare the CD19-negative
LLPCs [62]. In humans treated with anti-CD19 ther-
apy, levels of some disease-specific antibodies
(including pneumococcus, Haemophilus, and herpes
simplex virus) have been seen to diminish within 90
days, suggesting that the SLPC fraction plays some
role in maintaining levels [58]. It appears that a
relative paucity of memory (CD27") B cells, the
precursors of the short-lived PC, within the recon-
stituted B-cell population occurs [63], which may
shift B cells toward a more regulatory and less mem-
ory phenotype after rituximab. Although this effect
is likely to offer therapeutic benefit for the underly-
ing autoimmune disease [64,635], itis likely to dimin-
ish disease-specific immunity [66,67].

Disease-specific factors are also likely to contrib-
ute to the pathogenesis of B-cell depletion and
hypogammaglobulinaemia during anti-CD20 ther-
apy. For instance, haematological diseases such as
lymphoma may cause dysfunction of B-cell prolifer-
ation and maturation that predisposes toward hypo-
gammaglobulinaemia, whereas some autoimmune
diseases are associated with high levels of circulating
immunoglobulins, which may protect against the
development of SAD [68]. Previous or concurrent
treatments are also likely to play an important role.
The use of steroids and cyclophosphamide has been
observed to be particularly relevant to the risk of
SAD [26,33,36,68]. It follows that data from Haema-
tology and Rheumatology studies must be extrapo-
lated with caution to a neurological population.

Secondary antibody deficiency and risk of
infection

The presence of SAD arising in the context of anti-
CD20 treatment is expected to have several conse-
quences. Low serum immunoglobulin levels are
likely to predispose to higher rates of infection, espe-
cially bacterial and sinopulmonary infections. There
is evidence from some studies suggesting an excess of
bronchitis, sinusitis, otitis media, or pneumonia in
those receiving rituximab [25",37,69-71]. However,
there are also case reports of opportunistic viral or
fungal infections in those with anti-CD20-related
SAD [72-75]. Although there are likely to be con-
founding factors that influence infective risk in those
receiving anti-CD20 therapy, several studies have
linked lower levels of serum immunoglobulins to a
higher incidence of infection [22,35,42,76-78]. IgM
levels appear to be most commonly depleted in anti-
CD20-related SAD [5,23,24,27,79], but the clinical
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implications of IgM deficiency are thought to be less
significant than IgG deficiency [23,78,80",81].

Diagnosis and monitoring of secondary
antibody deficiency

Diagnostic considerations of SAD should begin prior
to the initiation of B-cell ablation therapy and would
involve a baseline risk assessment covering four main
areas — the amount and duration of immunosuppres-
sive therapy to date, the current levels of serum
immunoglobulins and disease-specific antibodies,
the baseline infection burden alongside any addi-
tional risk factors known to increase likelihood of
SAD. Baseline evaluation should be followed by risk
reduction strategies, if appropriate, prior to com-
mencement of B-cell depleting therapy. It is apparent
from the available data on SAD in Neurology that the
majority pertains to immunoglobulin levels IgG, IgA,
and IgM — a measure of antibody quantity — however,
it should be noted that important additional infor-
mation is added by measurement of specific anti-
bodies (tetanus, Haemophilus, and pneumococcus)
and potentially vaccine responses (a measure of anti-
body quality).

Although for some indications rituximab and
other agents targeting B cells may become more first
line, many patients will have potentially been treated
with prior immunosuppressive medications for some
years anditisimportant to document this, both to aid
risk stratification and interpretation of the immuno-
logical assessment. It is clear that even single-agent
corticosteroid therapy may cause SAD, reducing in
particular IgG more than IgA and IgM [82].

Immunoglobulin levels and specific antibodies
(tetanus, Haemophilus, and pneumococcus) are help-
ful in determining both the quantity and quality of
humoral immunity [83"]. SAD may already be pres-
ent or immunoglobulin levels may be at the lower
end of the reference range which would itself be
associated with a further increased risk of subse-
quent SAD. A careful clinical assessment of infection
burden is important in terms of the frequency of
infections in the previous 12 months, their site,
severity, duration, and whether antibiotics (oral
and intravenous) were required and how many
courses. Hospitalization for infection and the use
of intravenous antibiotics would suggest greater
severity. There is an opportunity to identify addi-
tional risk factors such as smoking, chronic obstruc-
tive pulmonary disease, asthma, diabetes, chronic
sinusitis and bronchiectasis, so on, which, if appro-
priate, may require imaging studies to define the site
and extent of suspected bronchiectasis. Risk reduc-
tion may involve optimization of therapy for exist-
ing co-morbidities where possible. Vaccination may
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also be indicated where specific antibodies have
been identified to be below protective levels, check-
ing postvaccination response after 4 weeks [84].
There is also the opportunity to assess whether
the patient would benefit from varicella zoster vac-
cination and also to determine whether an emer-
gency home supply of antibiotics would be
indicated. Response to vaccinations is likely to be
diminished once anti-CD20 therapies are estab-
lished [67].

Monitoring following the initiation of anti-B
cell therapy

Monitoring for the development of SAD should be
undertaken every 6-12 months and would similarly
include an evaluation of the infection burden,
serum immunoglobulins, and disease-specific anti-
body levels. Some neurologists find it helpful to
monitor the return of B cells and class-switched
memory B cells in terms of individualization of
the retreatment interval.

If impairment of humoral immunity is identi-
fied with reduced total immunoglobulin levels, poor
response to vaccination, and a significant infection
burden, prophylactic antibiotics and potentially
IGRT may be needed. There are now a range of
options for IGRT including, intravenous, conven-
tional subcutaneous, subcutaneous rapid push, and
facilitated subcutaneous, which allow individualiza-
tion, a greater proportion of patients able to under-
take their infusions themselves at home, and
improved adherence and quality of life [85,86].
Decisions relating to IGRT are best addressed in a
multidisciplinary manner alongside Clinical Immu-
nology deciding on the location (hospital or home
infusions) and the route (intravenous or subcutane-
ous) dose, cycle duration, number of sites for sub-
cutaneous Ig, product choice and whether training
and home care will need to be put in place alongside
haemovigilance monitoring [83%,85]. Once the deci-
sion has been made to commence IGRT, efficacy will
be monitored both in terms of reduction of the
infection burden from the baseline assessment as
well as ensuring the IgG levels are appropriately
within the reference range. In SAD, we tend to
aim for IgG levels above 7 g/l at trough in uncom-
plicated cases but will increase this to above 9 g/1 if
there is structural lung damage such as bronchiec-
tasis. These levels are for guidance only as there is a
wide range of inter-individual variation and doses
and treatment regimens will need to be adjusted for
each individual.

A further consideration in the context of SAD is
whether to modify the anti-CD19/antiCD20 treat-
ment schedule. The finding that B-cell depletion
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lasts an average of 6 months [87], has commonly led
to a 6-monthly dosing regimen of rituximab and
ocrelizumab in neurology. However, the consider-
able inter-individual variation in repopulation time
has led several authors to recommend that retreat-
ment with rituximab should be guided by B-cell
repopulation, using CD19" (a pan B-cell marker) or
CD27*" (a marker of memory B cells) as a way of
reducing the cumulative dose of rituximab without
compromising disease control [30,59,65]. Alteration
of dose schedule according to B-cell repopulation has
been shown to be associated with resolution of SAD
in some cases [37].

The range of current licensed and unlicensed uses of
B-cell ablation therapies for neuroinflammatory
indications is expanding and includes MS, neuro-
myelitis optica, myasthenia gravis, CIDP, MMN,
autoimmune limbic encephalitis, anti-MAG neu-
ropathy, stiff person syndrome, and primary CNS
vasculitis. This alongside the development of more
effective B-cell targeting is likely to lead to an
increase in the prevalence and burden of SAD.
The proportion of patients who develop SAD and
a significant infection burden varies with the disease
(e.g. CLL and MM may cause immunodeficiency in
the absence of therapy) and degree of prior therapy.
Several factors appear to predispose to a higher
likelihood of SAD including low immunoglobulin
levels prior to commencement of B-cell ablation
therapy, maintenance therapy, combination thera-
pies, and prior therapy with cyclophosphamide and
steroids. Infections are also more likely if there are
additional co-morbidities such as chronic lung dis-
ease, diabetes, and older age. Infections may be
insidious and patients may present with established
bronchiectasis but is also often missed despite recur-
rent infections as an infection history may not form
part of routine neurological review.

There is a need for increased awareness as well as
screening for SAD beginning prior to the initiation of
B-cell ablation therapy to risk stratify and aid identi-
fication to avoid infection-related morbidity and
mortality. This also facilitates individualized inter-
vention, which may involve vaccination, antibiotics
(emergency or prophylactic), or IGRT. It may also be
necessary to adjust treatment regimens. The care and
treatment of patients with both neurological disease
and SAD is best facilitated in a multidisciplinary
approach with Neurology and Clinical Immunology.

Although there are clear overlaps in the clinical
management with primary antibody deficiency, the
evidence base for therapeutic decisions in SAD
remains limited. In addition, the rapidly evolving
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therapeutic environment means that ongoing pro-
spective studies, potentially facilitated by biologics
databases as in other disease areas, will be key to
informing future therapeutic strategies, the identifi-
cation of biomarkers, and widening the understand-
ing of this often poorly recognized treatment-related
side-effect.
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