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Abstract

Background: Cladribine is a useful therapeutic option in RRMS with moderate to high disease activity. Its
oral formulation and tolerability make it a useful alternative to infusion therapies. Cladribine is known to
deplete CD19™ B lymphocytes, but its effect on immunoglobulin subsets is unclear.

Objective: To identify whether cladribine therapy in pwMS reduces immunoglobulin subset levels as a
surrogate marker of infection risk.

Methods: A ‘real-world’ retrospective analysis of 341 pwMS presenting to a single tertiary centre between
March 2017 and July 2021. Differences in immunoglobulin levels between cladribine, other disease-modi-
fying therapies and no active treatment were assessed using a univariate ANOVA.

Results: Three hundred and forty-one patients had immunoglobulin levels assessed, with 29 patients
treated with cladribine. The mean IgG, IgM and IgA levels on cladribine therapy were 10.44 +0.40,
0.99 +0.09 and 2.04 +0.18 g/L respectively. These were not significantly different from patients not on
active treatment. There was a statistically significant reduction in IgG and IgM levels for patients
treated with ocrelizumab (9.37 £0.19 and 0.68 +0.04 g/L) and natalizumab (8.72 +0.53 and 0.69 +
0.12 g/L) compared to patients not on treatment.

Conclusion: Cladribine therapy for RRMS was not associated with immunoglobulin subset deficiencies.
This is contrasted to ocrelizumab and natalizumab which demonstrate significant reductions in both IgG
and IgM levels.

Keywords: cladribine, ocrelizumab, natalizumab, multiple sclerosis, immunoglobulin G, immunoglobulin
M, immunoglobulin A
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a form of immune reconstitution with potential long-term
immunomodulating effects despite a limited course of
therapy.**

Introduction

Cladribine is a synthetic deoxyadenosine analogue.” Itis
triphosphorylated into its active and cytotoxic form
within cells where it disrupts DNA synthesis and pro-
motes apoptosis.' Most cells contain dephosphoryla-
tion enzymes that deactivate the cytotoxic metabolite

Cladribine was initially introduced to treat hairy cell leu-
kaemia where short course intravenous treatments

and limit cellular damage.'™ These enzymes are rela-
tively deficient within lymphocytes, particularly B lym-
phocytes, resulting in the preferential depletion of B
lymphocytes, including CD19" memory B cells, and to
a lesser extent CD4" and CD8* T lymphocytes.' ™ The
resultant depletion of CD19™" memory B cells leads to

resulted in prolonged molecular tumour responses.’
More recently cladribine, as an oral formulation, has
been shown effective in cohorts of highly active relapsing
remitting multiple sclerosis (RRMS) patients from the
CLARITY (2010), ORACLE (2014) and CLARITY
Extension (2018) trials.®® Its oral formulation, limited
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treatment course, tolerability and effectiveness make cla-
dribine an attractive treatment alternative to infusion ther-
apies in moderately to highly active disease.”'°

As described above, cladribine preferentially depletes
CD19" memory B cells, and to a lesser degree T cells.
This finding been corroborated by retrospective analyses
of the CLARITY and ORACLE trials which demon-
strated an 82.2% relative reduction in CD19" memory
B cells.*!" Studies of other, albeit more pure CD19*
memory B cell depleting agents such as the CD20 tar-
geted therapies ocrelizumab and rituximab, demonstrate
reduced immunoglobulin levels, particularly immuno-
globulin M (IgM) levels, corresponding to CD19% cell
depletion.'*'® Therefore, through its effect on memory
B cells, one may predict that cladribine would also
suppress immunoglobulin levels. Further extrapolative
evidence can be drawn from cladribine’s previous high-
dose intravenous use in Hairy Cell leukaemia and
Waldenstrom macroglobulinaemia, whereby cladribine
as part of its therapeutic effect has been shown to suppress
IgM and immunoglobulin G (IgG) paraproteins.'”'® To
date, there is limited evidence of the effect of cladribine
on immunoglobulin levels when used as the lower oral
doses in RRMS, with a single small retrospective study
suggesting no change in the first year after dosing.'”

This is important as low immunoglobulin levels, particu-
larly low IgM and IgG, have been correlated with infec-
tion risk in patients on B cell targeting therapies and in
patients with acquired or genetic immunodeficiency syn-
dromes.'*">2° The use of cladribine in RRMS has been
associated with an increased risk of some infections,
particularly herpes zoster.®°2!%? The frequency of infec-
tions is increased during periods of severe lymphopaenia,
a recognised adverse event of cladribine.*! The effect of
immunoglobulin levels on infection risk in cladribine-
treated patients is not yet known.

The primary aim of this study was to identify whether
oral cladribine therapy in RRMS reduces immuno-
globulin subset levels in comparison to B cell deplet-
ing therapies, and therefore whether immunoglobulin
levels could be considered as a useful surrogate
measure of infection risk in cladribine-treated patients.
Secondary comparisons were sought between other
disease-modifying therapies and MS patients not on
active therapy to validate previously published data.

Materials and methods
Patient cohort

This is a real world, retrospective, cohort analysis of
people with multiple sclerosis (pwMS) who had

immunoglobulin levels measured and recorded within
the MSBase database from March 2017 to July 2021.
The MSBase database is used to collect and store data
for all patients presenting to and receiving care within
the public hospital system in the Hunter New England
Local Health District (HNELHD) in New South
Wales, Australia. Patients were included if they had
one or more immunoglobulin G, M or A levels recorded
during the study period. Patients who had started or
changed treatment within 30 days of the immunoglobu-
lin recording were excluded to minimise confounding.
Patients who had previously received immune reconsti-
tuting therapies such as alemtuzumab were also excluded
as these therapies are thought to have prolonged immu-
nomodulatory effects. Treatments with <2 patient data
points were excluded.

Ethical approval for conducting this study was granted
by the HNELHD Human Research Ethics Committee
(protocol 2019/ETH12349) and methods were carried
out in accordance with institutional guidelines on
human subject experiments. All participants provided
written informed consent to participate in this study.

Data collection

Data collected included demographical data of age,
gender, treatment type and start date of treatment.
IgG, IgM and IgA levels, as well as their date of record-
ing and measuring laboratory were recorded. Previous
treatment data was also collected to identify patients
who had received immune reconstituting therapies
such as alemtuzumab or had recently changed therap-
ies based on the above exclusion criteria.

Statistical analysis

Simple descriptive statistics were used to document
basic patient characteristics. Immunoglobulin subset
values were adjusted for the normal ranges at each
measuring laboratory. Mean IgG/M/A levels and
standard errors comparing treatment groups were
derived from a univariate ANOVA analysis adjusting
for age, gender and time on treatment. Correlations
were assessed using Pearson’s correlation test using
the no active treatment group as the control. Type I
error (;) and therefore statistically significant differ-
ence pre-defined as.05, and then was adjusted for
multiple comparisons with the approximation of ;'
= ;/(n), where (n) is the number of comparators.

Results
Demographics/patient characteristics

Three hundred and forty-seven patients had at least
one IgG, IgM or IgA wvalue recorded during the
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Table 1. Baseline patient demographics.

study period. A total of six patients were excluded
from the analysis as per the defined exclusion criteria
(alemtuzumab[2], ofatumumab[2], siponimod[1],
mycophenolate[1]), leaving 341 patients in the ana-
lysis. IgG was the most commonly recorded value,
with 338 (99.12%) patients having IgG recorded com-
pared to 279 (81.82%) and 276 (80.94%) patients for
IgM and IgA, respectively.

Of the included patients the mean age was 47.00 +
12.91 years with a range of 17-78 years (Table 1).

Seventy-eight percent were female and 71% were
defined as RRMS. The most common treatment at
the time of immunoglobulin recording was ocrelizu-
mab at 134 (39.3%) patients followed by cladribine
at 29 (8.5%) patients. Twenty eight (96.6%) of the
cladribine-treated patients were treatment naive prior
to cladribine therapy. Ninety-seven (28.4%) patients
were on no treatment at the time of immunoglobulin
level measurement, and the majority of these were
pwMS with immunoglobulins taken prior to treatment
initiation (82.5%). There was no statistically
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Figure 1. Estimated marginal means of IgG (a), IgA (b) and IgM (c) by treatment group. Adjusted for age and time on
treatment. Error bars represent +1 SEM. Significant difference to the control group (no active treatment) is marked with

%p<.005.
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Figure 2. Estimated marginal mean IgG (a), IgA (b) and IgM (c) by treatment mechanism of action including B cell
targeting therapies, no active treatment and agents with mixed actions (other). B cell therapies include ocrelizumab and
rituximab. Adjusted for age and time on treatment. Error bars represent +1 SEM. Significant difference to the control group

(no active treatment) is marked with *p <.01.

significant difference in mean age between the treat-
ment groups.

Immunoglobulin G (IgG)

Estimated marginal means with standard error of the
mean (SEM) are demonstrated for all treatment cat-
egories (Figure 1) and B cell versus non-B cell

treatments (Figure 2). There was no statistically sig-
nificant difference between IgG levels in the no
active treatment (10.98+0.26 g/L) and cladribine
(10.44 £0.40 g/L)) groups (p=.256). There was a
statistically significant reduction in IgG levels in the
ocrelizumab (9.37 £ 0.19 g/L, p<.001) and natalizumab
(8.72+0.53 g/L, p<0.001) groups in comparison to the
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no active treatment group. There was a trend towards a
reduction in the fingolimod (9.55 +0.53 g/L, p =.029)
group but this did not meet the adjusted p value of
<.005 for the predicted increase in type I error with mul-
tiple comparisons. Other treatment categories were not
statistically different from the no active treatment group.

The estimated marginal mean for B cell treatments
was 9.52+0.22 g/L, which was statistically signifi-
cantly lower than the no active treatment (10.96 +
0.30 g/L, p<.001) group, even when the p value
was adjusted to <.01 for the predicted increase in
type 1 error with multiple comparisons. There was
no significant difference between the cladribine
(10.35+0.50 g/L) and the B cell treatment group

(p=.132).

Immunoglobulin M (IgM)

There was no statistically significant difference in
IgM levels between the no active treatment (1.17 +
0.09 g/L) and cladribine (0.99 +0.09 g/L) groups
(p=.128) (Figure 1). Reduced levels of IgM, when
compared to the no active treatment group, were
seen for patients treated with ocrelizumab (0.68 +
0.04 g/L, p<.001) and natalizumab (0.69 +0.12 g/
L, p=.003). There was a trend towards a reduction
in the fingolimod (0.76 +0.12 g/L, p=.012) group
compared to the no active treatment group but this
did not reach significance after adjustment of the p
value to <.005 for multiple comparisons. Other treat-
ment categories were not statistically different from
the no active treatment group.

The estimated marginal mean for B cell treatments
was 0.67 +0.05 g/L, which was statistically signifi-
cantly lower than the no active treatment (1.11 +
0.11 g/L, p<.001) group, but not the cladribine
group (0.94+0.11 g/L, p=.028), when the p value
was adjusted to <.01 for the predicted increase in
type I error with multiple comparisons (Figure 2).

Immunoglobulin A (IgA)

There was no significant difference in IgA levels
between the no active treatment (2.07 +£0.17 g/L)
and cladribine group (2.04 +0.18 g/L, p=.892), nor
any other treatment group (Figure 1). There was a
trend towards a reduction in the fingolimod (1.34 +
0.22 g/L, p=.02) group but this did not satisfy the
adjusted p value of <.005 for multiple comparisons.

There was no statistically significant difference in IgA
levels between pooled B cell treatments (2.01 +
0.09 g/L), cladribine (2.16+0.23 g/L) and the no
treatment group (1.97 +£0.21 g/L) (Figure 2).

Relationship of time post-cladribine treatment and
immunoglobulin levels

We assessed whether Ig levels were correlated with
time on cladribine therapy. IgG and IgM levels
declined over time but the correlations were not
statistically significant (r=-0.12, p=.55 and
r=-0.1, p=.62, respectively). Conversely, IgA
levels increased over time but this was also not statis-
tically significant (r=0.24, p = .22).

A comparison between patients who had started cla-
dribine with in the last 6 months (7 = 6) to those on
treatment 6—12 months (n = 17) to those on treatment
for >12 months (n=21) was performed to assess for
any lag in immunoglobulin level changes. Of the
patients in the >12-month group 67% had received
the second yearly cladribine treatment course. There
were no significant differences between immuno-
globulin levels measured in the first 6 months, 6—12
months or >12 months of cladribine treatment
(Figure 3).

Discussion

This study demonstrates a significant reduction in
both IgG and IgM levels for pwMS treated with ocre-
lizumab or natalizumab. In contrast, treatment with
cladribine was not associated with any significant dif-
ference in immunoglobulin levels compared to a
control group of pwMS not on active treatment.
There was a trend towards reduced IgG and IgM
levels of pwMS treated with fingolimod, but this did
not reach significance when the p value was adjusted
to compensate for the expected increase in type I error
seen with multiple comparisons. Rituximab unexpect-
edly did not suppress immunoglobulin levels in this
analysis; however, the accuracy of this assessment
is limited by the low level of patients on rituximab
included (n=7).

Reduced levels of both IgG and IgM, as reported in this
study, have also been previously reported in patients
treated with ocrelizumab, fingolimod and natalizu-
mab."*#?* Ocrelizumab primarily targets CD20" B
cells but has also been shown to suppress CD19" B
cells, explaining its propensity to lower immunoglobu-
lin levels.”> Natalizumab has been shown to increase
peripheral blood B and T lymphocyte counts, likely
due to increased release of haematopoietic precursor
cells. There is a disproportionate elevation of CD19™
cell counts compared to CD4*/CD8" in the peripheral
blood suggesting that natalizumab may impair B cell
homing to secondary lymphoid organs and this may
be the cause of reduced immunoglobulin levels
through impairment of plasma cell function.'®?° The
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Figure 3. Estimated mean IgG (a), IgA (b) and IgA (c) by time since initiation of cladribine dosing (<6 months vs. 6-12
months vs. >12 months). Error bars represent the 95% confidence intervals.

mechanisms by which fingolimod suppresses immuno-
globulin levels remains unknown.

The lack of any significant difference in immunoglobu-
lin subset levels in patients treated with cladribine sug-
gests that, unlike ocrelizumab, low immunoglobulin
levels are unlikely to explain infection risk in patients
treated with cladribine.?' This is somewhat unexpected
on the basis that cladribine has been shown to signifi-
cantly reduce levels of antibody-producing CD19* B
cells as well as T lymphocytes.*!"'* One possible
explanation for this is that the CD19" B cell suppres-
sion seen with cladribine is transient, with levels return-
ing towards threshold within 30 weeks.!! This supports
the concept that cladribine acts via immune reconstitu-
tion rather than long-term immunosuppression. The
absence of reduced total immunoglobulin subset
levels is correlated with and supported by studies dem-
onstrating appropriate humoral responses to Covid-19
immunisation in cladribine-treated patients but impaired
responses in ocrelizumab- and fingolimod-treated
patients.>’*® Therefore the increased rate of herpes
zoster infections in cladribine-treated patients is more
likely to be related to T cell function, with cell-mediated
immunity the major component of the herpes zoster spe-
cific immune response.>'*’

Any suppression of immunoglobulin levels in cladri-
bine-treated patients may be expected to correlate with
the timing of lymphocyte nadirs post dosing. CD19*
cells have been shown to reach a nadir 8 weeks after treat-
ment before improving to threshold levels by 30

weeks.!! The secondary analysis we performed did not
show any significant correlation between IgG, IgM or
IgA levels and time on cladribine treatment. Nor were
immunoglobulin levels suppressed early post cladribine
treatment as is seen with lymphocyte subset suppression.
The cladribine cohort size does limit the accuracy of con-
clusions that can be drawn from this study, and larger
cohorts should be a focus for future studies.

The main limitation of our study is that infection events
were not prospectively measured and therefore not dir-
ectly correlated with immunoglobulin levels. This is a
factor of the retrospective and ‘real-world” design of
the study, whereby infection events, particularly
when mild in nature, are not always documented in
the outpatient setting. To accurately record infection
events a prospective clinical study would be necessary.
A further limitation of the study is the composition of
the control group used. The control group consisted
of pwMS who were not currently on treatment. This
included newly diagnosed patients (82.5%), patients
with contraindications to treatment as well as patients
with progressive multiple sclerosis for which treatment
options are limited. Therefore the characteristics of the
control group may not accurately reflect that of patients
receiving active treatment. This is important as patients
with secondary progressive multiple sclerosis have
previously been shown to have lower baseline IgG
levels than patients with RRMS.>?

The strength of this study lies in its ‘real-world’
design and therefore applicability to the care and
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monitoring of pwMS in the community. Based on the
results presented, immunoglobulin monitoring in
patients treated with cladribine, in comparison to
other B cell depleting therapies, is not thought to be
a useful surrogate measure of infection risk.

Conclusions

In conclusion, we have shown that ocrelizumab and
natalizumab treatment in pwMS results in reduced
mean IgG and IgM levels when compared to pwMS
not on active treatment. This effect was not seen for cla-
dribine therapy whereby immunoglobulin levels were
not significantly different to pwMS controls not on
treatment. The absence of reduced immunoglobulin
levels correlates with the relatively low risk of infec-
tious complications in cladribine-treated patients and
suggests that infection risk in patients treated with cla-
dribine is not likely to be related to immunoglobulin
levels. This is contrasted to B cell depleting therapies
whereby reduced immunoglobulin levels are thought
to predict infection risk. The absence of significant
immunoglobulin changes in patients treated with cla-
dribine suggests a more important role for cellular
immune function in preventing infection in cladribine-
treated patients. Therefore monitoring total lympho-
cyte counts and subsets may be a better predictor of
infection risk in cladribine-treated pwMS.

Declaration of conflicting interests

The author(s) declared the following potential conflicts of
interest with respect to the research, authorship, and/
or publication of this article: JLS serves on the editor-
ial board of Multiple Sclerosis and Related Disorders
as Editor in Chief. Her institution has received
investigator-initiated grants and honoraria for mem-
bership on advisory boards and speaker agreements
from Biogen, Merck, Roche and Novartis.

Funding

The author(s) received no financial support for the research,
authorship and/or publication of this article.

Credit author statement

Mitchell J. Lycett: Conceptualisation, Methodology,
Investigation, Writing — Original draft, Writing — Review
and Editing. Rodney A. Lea: Methodology, Formal
Analysis, Writing — Review and Editing. Vicki E. Maltby:
Methodology, Writing — Review and Editing. Myintzu
Min: Writing — Review and Editing. Jeannette Lechner-
Scott: Conceptualisation, Methodology, Writing — Review
and Editing, Supervision.

ORCID iDs

Mitchell J Lycett
6378
Vicki E Maltby

https://orcid.org/0000-0002-1300-

https:/orcid.org/0000-0002-3785-4742

References

1. Leist T and Weissert R. Cladribine: mode of action and
implications for treatment of multiple sclerosis. Clin
Neuropharmacol 2011; 34: 28-35.

2. Baker D, Pryce G, Herrod SS, et al. Potential mechan-
isms of action related to the efficacy and safety of cla-
dribine. Mult Scler Relat Disord 2019; 30: 176—186.

3. Jacobs BM, Ammoscato F, Giovannoni G, et al.
Cladribine: mechanisms and mysteries in multiple
sclerosis. J Neuroinflamm 2018; 89: 1266-1271.

4. Stuve O, Soelberg Soerensen P, Leist T, et al. Effects of
cladribine tablets on lymphocyte subsets in patients
with multiple sclerosis: an extended analysis of
surface markers. Ther Adv Neurol Disord 2019; 12:
1-16.

5. Goodman GR, Burian C, Koziol JA, et al. Extended
follow-up of patients with hairy cell leukemia after
treatment with cladribine. J Clin Oncol 2003; 21:
891-896.

6. Giovannoni G, Comi G, Cook S, et al. A placebo-
controlled trial of oral cladribine for relapsing multiple
sclerosis. N Engl J Med 2010; 362: 416-426.

7. Leist TP, Comi G, Cree BA, et al. Effect of oral cladri-
bine on time to conversion to clinically definite multiple
sclerosis in patients with a first demyelinating event
(ORACLE MS): a phase 3 randomised trial. Lancet
Neurol 2014; 13: 257-267.

8. Giovannoni G, Soelberg Sorensen P, Cook S, et al.
Safety and efficacy of cladribine tablets in patients
with relapsing-remitting multiple sclerosis: results
from the randomized extension trial of the CLARITY
study. Mult Scler 2018; 24: 1594-1604.

9. Deeks ED. Cladribine tablets: a review in relapsing MS.
CNS Drugs 2018; 32: 785-796.

10. Rammohan K, Coyle PK, Sylvester E, et al. The devel-
opment of cladribine tablets for the treatment of mul-
tiple sclerosis: a comprehensive review. Drugs 2020;
80: 1901-1928.

11. Comi G, Cook S, Giovannoni G, et al. Effect of cladri-
bine tablets on lymphocyte reduction and repopulation
dynamics in patients with relapsing multiple sclerosis.
Mult Scler Relat Disord 2019; 29: 168—174.

12. Md Yusof MY, Vital EM, McElvenny DM, et al.
Predicting severe infection and effects of hypogamma-
globulinemia during therapy with rituximab in rheum-
atic and musculoskeletal diseases. Arthritis Rheumatol
2019; 71: 1812-1823.

13. Tran V, Miller P, Olson J, et al. The effect of ocrelizu-
mab therapy on immunoglobulin levels in patients with
multiple sclerosis. Neurology 2019: 92: P4.2-042.

14. Oksbjerg NR, Nielsen SD, Blinkenberg M, et al.
Anti-CD20 antibody therapy and risk of infection in

www.sagepub.com/msjetc


https://orcid.org/0000-0002-1300-6378
https://orcid.org/0000-0002-1300-6378
https://orcid.org/0000-0002-1300-6378
https://orcid.org/0000-0002-3785-4742
https://orcid.org/0000-0002-3785-4742

Multiple Sclerosis Journal—Experimental, Translational and Clinical

15.

16.

17.

18.

19.

20.

21.

22.

patients with demyelinating diseases. Mult Scler Relat
Disord 2021; 52: 102988.

Barmettler S, Ong M, Farmer JR, et al. Association of
immunoglobulin levels, infectious risk, and mortality
with rituximab and hypogammaglobulinemia. JAMA
Netw Open 2018; 1: e184169.

Szepanowski F, Warnke C, Meyer zu Horste G, et al.
Secondary immunodeficiency and risk of infection fol-
lowing immune therapies in neurology. CNS Drugs
2021; 35: 1173-1188.

Ravandi F, O’Brien S, Jorgensen J, et al. Phase 2 study
of cladribine followed by rituximab in patients with
hairy cell leukemia. Blood 2011; 118: 3818-3823.
Dimopoulos MA, Kantarjian H, Weber D, et al.
Primary therapy of Waldenstrdm’s macroglobulinemia
with 2-chlorodeoxyadenosine. J Clin Oncol 1994; 12:
2694-2698.

Spiezia AL, Cerbone V, Molinari EA, et al. Changes in
lymphocytes, neutrophils and immunoglobulins in
year-1 cladribine treatment in multiple sclerosis. Mult
Scler Relat Disord 2022; 57: 103431.

Furst DE. Serum immunoglobulins and risk of infec-
tion: how low can you go? Semin Arthritis Rheum
2009; 39: 18-29.

Cook S, Leist T, Comi G, et al. Safety of cladribine
tablets in the treatment of patients with multiple scler-
osis: an integrated analysis. Mult Scler Relat Disord
2019; 29: 157-167.

Cook S, Vermersch P, Comi G, et al. Safety and toler-
ability of cladribine tablets in multiple sclerosis: the

23.

24.

25.

26.

27.

28.

29.

CLARITY (CLAdRIbine Tablets treating multiple
sclerosis orallY) study. Mult Scler 2011; 17: 578-593.
Zoehner G, Miclea A, Salmen A, et al. Reduced serum
immunoglobulin G concentrations in multiple sclerosis:
prevalence and association with disease-modifying therapy
and disease course. Ther Adv Neurol Disord 2019; 12.
Selter RC, Biberacher V, Grummel V, et al. Natalizumab
treatment decreases serum IgM and IgG levels in mul-
tiple sclerosis patients. Mult Scler 2013; 19: 1454-1461.
Ellrichmann G, Bolz J, Peschke M, et al. Peripheral
CD19+ B-cell counts and infusion intervals as a surro-
gate for long-term B-cell depleting therapy in multiple
sclerosis and neuromyelitis optica/neuromyelitis optica
spectrum disorders. J Neurol 2019; 266: 57-67.
Planas R, Jelci¢ I, Schippling S, et al. Natalizumab
treatment perturbs memory- and marginal zone-like
B-cell homing in secondary lymphoid organs in mul-
tiple sclerosis. Eur J Immunol 2012; 42: 790-798.
Sormani MP, Inglese M, Schiavetti I, et al. Effect of
SARS-CoV-2 mRNA vaccination in MS patients treated
with disease modifying therapies. eBioMedicine 2021;
72:103581.

Achiron A, Mandel M, Dreyer-Alster S, et al. Humoral
immune response to COVID-19 mRNA vaccine in
patients with multiple sclerosis treated with high-efficacy
disease-modifying therapies. Ther Adv Neurol Dis 2021,
14: 1-8.

Oxman M. Herpes Zoster pathogenesis and cell-mediated
immunity and immunosenescence. J Osteopath Med
2009; 109: 13-17.

www.sagepub.com/msjetc



	 Introduction
	 Materials and methods
	 Patient cohort
	 Data collection
	 Statistical analysis

	 Results
	 Demographics/patient characteristics
	 Immunoglobulin G (IgG)
	 Immunoglobulin M (IgM)
	 Immunoglobulin A (IgA)
	 Relationship of time post-cladribine treatment and immunoglobulin levels

	 Discussion
	 Conclusions
	 References


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

  /CreateJDFFile false
  /Description <<

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

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


