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1. Introduction

Cladribine is a synthetic purine nucleoside analogue, approved for
the treatment of active multiple sclerosis (MS). Cladribine mechanism-
of-action encompasses selective cytotoxicity on circulating autor-
eactive B and T lymphocytes, which are thought to drive inflammatory
demyelination and neuro-axonal loss in MS (Compston and Coles,
2008). Looking at clinical trial results, during cladribine treatment,
there is a marked and long-lasting CD19 B-cell depletion and a rather
modest T-cell depletion (Baker et al., 2017; Stuve et al., 2019; Comi
et al., 2019). Ideally, cladribine only targets memory B cells (Moser
et al., 2020), while plasma cells should remain unaffected (Jacobs et al.,
2018), with normal immunoglobulin (Ig) levels, though never explored.

In our real-world study, we aim to evaluate changes in lymphocytes,
neutrophils and immunoglobulins over the first 12 months of cladribine
treatment.

2. Methods
2.1. Study design and population

This observational retrospective study has been conducted at the MS

Clinical Care and Research Centre of the Federico II University Hospital
of Naples, Italy, on prospectively collected data from Apr 2018 to Jun
2021. The study was approved by the Federico II Ethics Committee
(355/19 and subsequent amendments). All patients signed informed
consent authorizing the use of anonymized data collected routinely as
part of clinical practice, in line with data protection regulations (GDPR
EU2016/679). The study was performed in accordance with good clin-
ical practice and the Declaration of Helsinki.

Inclusion criteria were: 1) diagnosis of MS; 2) year-1 dosing of cla-
dribine tablets during the study period (as for clinical practice); 3)
availability of clinical and laboratory data at baseline and after 2, 6 and/
or 12 months.

Exclusion criteria were: 1) concomitant conditions affecting clinical
and laboratory variables.

2.2. Clinical variables

At treatment start (baseline), we collected age, sex, disease duration,
expanded disability status scale (EDSS), and previous disease modifying
treatments (DMTs). For patients with previous DMTs, wash-out period
was in line with clinical practice. During follow-up assessments (2, 6 and
12 months) we collected severe side effects, relapses and EDSS.
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2.3. Laboratory variables

Laboratory variables were collected at baseline, 2, 6 and 12 months
(before year-2 cladribine dosing). Laboratory procedures were per-
formed in accordance with UK-NEQAS quality standards (https://
ukneqas.org.uk/).

For serum immunoglobulins, we used nephelometry with a wave-
length of 840 nm (BN™ II System, Siemens Healthcare, Erlangen, Ger-
many), in accordance with manufacturer instructions. Reference curves
were generated by multi-point calibration. Serum samples were auto-
matically diluted 1:400 (IgG), 1:20 (IgA) or 1:5 in the low concentration
assay (IgAs and IgMs).

For lymphocyte counts, we incubated an aliquot (50 pL) of anti-
coagulated ethylenediaminetetraacetic acid (EDTA) whole fresh blood
(within 12 h) at 4 °C for 30 min in the presence of appropriate amounts
of monoclonal antibodies. The mixtures were then diluted 1:20 in
ammonium chloride lysing solution, incubated at room temperature for
10 min and finally washed prior to flow cytometric analysis (FACSCanto
II flow cytometer, Becton Dickinson, San Jose, CA, USA). Samples were
analysed on FACSDiva software (BD Bioscience, San Jose, CA, USA). The
following antigens were analysed: CD4 PE (from BD San Diego, CA,
USA), CD8 FITC (from BD San Diego, CA, USA), and CD19 APC (from BD
San Diego, CA, USA). B and T-lymphocytes were gated on forward
scatter (FSC) and side scatter (SSC) parameters, identifying 50,000
events. The lower level of detection was 10~* (as such, zero corresponds
to a level below 1/10,000 cells). For lymphocyte absolute count, we
coupled cytometry to complete blood count on haematological counter
(double platform). The same applied to neutrophil count.

2.4. Sample size

Considering a normal distribution of laboratory variables to be
analysed on paired t-test, a two-sided tail, a 50% effect size (based on
previous studies showing changes of lymphocytes during cladribine
treatment) (Comi et al., 2019) and a 5% « error, our sample (n = 62)
provides 97% power (Faul et al., 2007).

2.5. Statistical analyses

Results are reported as mean (+standard deviation), number (%), or
median (range), as appropriate. Changes in laboratory variables be-
tween baseline and follow-ups were evaluated using paired t-test. Sta-
tistical analyses were performed with Stata 15.0. Results were
considered statistically significant for p<0.05.

3. Data availability
Data available on request due to privacy/ethical restrictions.
4. Results

Demographics and clinical features are reported in Table 1. At
descriptive level, over 12-months’ follow-up, we observed relapses in 2
patients and EDSS increase in 4 patients. No severe side effects were
reported.

Laboratory variables at baseline and follow-ups are reported in
Fig. 1. Using baseline as reference, total lymphocyte count was lower
after 2 (p<0.01), 6 (p<0.01), and 12 months (p<0.01) (Fig. 1A). Neu-
trophils were lower after 2 (p = 0.01) and 6 months (p = 0.02), but not
after 12 months (p = 0.91) (Fig. 1B). We observed no changes in IgG,
IgM and IgA over 12 months (Fig. 1C, 1D, 1E). CD19 B-cell count was
lower after 2 (p<0.01) and 6 months (p<0.01), but not after 12 months
(p = 0.50) (Fig. 1F). CD8 T-cell count was lower after 2 (p = 0.01) and 6
months (p<0.01), but not after 12 months (p = 0.07) (Fig. 1G). CD4 T-
cell count was lower after 2 (p<0.01), and 6 months (p<0.01), but not
after 12 months (p = 0.08) (Fig. 1H).
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Table 1
Demographics and clinical features. Table shows baseline demographics, clinical
features and previous DMT.

MS patients treated with cladribine

(n=62)
Age, years 41.3 £12.7
Female, number (%) 40 (64.5%)
Disease duration, years 11.9+£ 9.6
Baseline EDSS 2.5 (1.5-4.5)
Previous DMTs
None 7
Interferon beta/Peg-interferon beta/ 6
Glatiramer acetate
Dimethyl-fumarate/Fingolimod/ 22
Teriflunomide
Alemtuzumab/Natalizumab/Ocrelizumab 27

5. Discussion

In our real-world study, we observed a significant decrease in total
lymphocyte count from 2 months after cladribine treatment start until
the end of year 1. In particular, after 2 months, CD19 B-lymphocytes
were reduced by —85%, CD4 T-lymphocytes by —50%, and CD8 T-
lymphocytes by —40% of baseline levels. After 12 months (before year-2
dosing), we observed complete reconstitution of CD19 B-lymphocytes,
while CD4 and CD8 T-lymphocytes remained depleted at —40% and
—30% of baseline levels, respectively. On the contrary, immunoglobulin
levels remained unchanged during year-1 cladribine treatment. The
large majority of patients (90%) remained free from relapses and
disability progression. Overall, our study provided similar, but not
identical, lymphocyte profiles to those that have arisen from the trials,
and also showed the lack of hypogammaglobulinemia, as in the
emerging data from the MAGNIFY study (Wiendl et al., 2021).

Our results confirmed previous clinical trial data showing greater but
more transient B-cell depletion, compared with T-cells (Baker et al.,
2017; Comi et al., 2019). However, in our sample, T-cell depletion was
more pronounced after 2 and 6 moths (up to —60% for CD4 T-lym-
phocytes; and up to —45% for CD8 T-lymphocytes), when compared
with clinical trial patients (up to —45% for CD4 T-lymphocytes; and up
to —30% for CD8 T-lymphocytes) (Baker et al., 2017; Comi et al., 2019),
suggesting that the use of previous immunodepleting DMTs might cause
more significant immunodepletion within first 6 months of cladribine
treatment. Still, at 12 months (before year-2 dosing) results were largely
comparable between our real-world data and clinical trials (Baker et al.,
2017; Comi et al., 2019), suggesting similar immune-repopulation. We
also confirmed a mild and quickly reversible effect on neutrophils
(Moser et al., 2020).

The main novelty of our study is the assessment of immunoglobulins,
which remained stable over year-1 cladribine treatment, notwith-
standing changes in lymphocyte subsets, suggesting that memory B cells
rather than plasma cells are preferentially susceptible to cladribine
treatment. Indeed, cladribine active-metabolite is produced by deoxy-
cytidine kinase and metabolized by 5 nucleotidase, which are highly
expressed by mature, memory and germinal centre B cells, but not by
plasma cells (Baker et al., 2017; Jacobs et al., 2018; Ceronie et al.,
2018). Interestingly, in a previous study, cladribine was showed to
suppress intrathecal humoral response (oligoclonal bands), though this
effect was exerted in the long term (10 years) (Rejdak et al., 2019),
possibly as a result of depletion of new plasma cells’ precursors. Our
results are also in line with observed normal antibody production to
COVID19 infection and vaccination in patients treated with cladribine
(Achiron et al., 2021), further suggesting adequate humoral immune
response.

A limitation of our study is the observational, retrospective and
monocentric design. Furthermore, longer follow-up is needed to look at
long-term laboratory changes. Our sample was quite heterogeneous (e.
g., disease duration, previous DMTs), and sub-analyses would have been
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Fig. 1. Profile plots show changes in total lymphocyte count (A), neutrophils (B), IgG (C), IgM (D), IgA (E), CD19 lymphocytes (F), CD8 lymphocytes (G), and CD4
lymphocytes (H). Mean, standard deviation (SD), and number of observations (N) are reported for each time point. P-values are related to paired t-test using baseline

as reference.

interesting, but not feasible due to sample size constraints. Also, we did
not analyse relapses and EDSS statistically due to the small number of
observations.

In conclusion, we showed similar but more pronounced depletion of
B and T cells during year-1 cladribine treatment, when compared with
clinical trial results, in the absence of changes in immunoglobulin levels.
These results are relevant to the clinical practice in relation to the risk of
infection and vaccine response.
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