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Introduction

Multiple sclerosis (MS) is a complex disease
characterized by immune-mediated inflamma-
tion, demyelination, and neurodegeneration
within the central nervous system, leading to a
wide spectrum of clinical manifestations and dis-
ability.! The treatment landscape for MS has
undergone significant evolution with the advent
of disease-modifying therapies (DMTs) aimed at
improving disease outcomes.?2

Cladribine, a synthetic purine nucleoside analog,
has emerged as immunotherapy for MS with a
mechanism of action involving the selective deple-
tion of lymphocytes, particularly T and B cells,
which are central to the autoimmune cascade
underlying MS pathogenesis. Clinical trials and
real-world studies have demonstrated the efficacy
of Cladribine in reducing relapse rates, delaying
disability progression, and achieving sustained
remission in patients with relapsing forms of
MS.3-8

Characterizing Cladribine prescription pattern in
daily clinical practice is crucial for optimizing MS
treatment. However, significant gaps remain in
identifying nonresponders and in establishing a
well-defined algorithm for long-term manage-
ment for enabling personalized patient care.

This study aims to describe new disease DMT's
prescription following Cladribine treatment in a
real-world multicentre Italian setting to provide
neurologists with evidence-based guidance for
identifying and optimizing Cladribine prescrip-
tion pattern.

Methods

Setting and study design

This was an independent retrospective cohort
study on prospectively collected data in patients
followed at six Italian MS centres.

Study population

We included patients who (a) had a diagnosis of
relapsing MS-RMS according to 2017 McDonald
criteria® and (b) initiated index treatment with
Cladribine between January 2019 and May 2023
in the participating centres; (c) starting Cladribine

as first DMT or after a failure from previous
DMT:s for disease activity.

Cladribine was prescribed using the target dose of
3.5mg/kg and according to Italian prescription
rules.

Procedures and covariates definitions

The demographic, clinical, and brain magnetic
resonance imaging (MRI) data were recorded ret-
rospectively (up to 12 months) before the start of
treatment with Cladribine (the index date) and
prospectively until the last available visit of fol-
low-up from the index date.

We excluded data from patients who were lost to
follow-up due to continuing treatment in another
center.

To further investigate the impact of previous
DMT, we then stratified on type of DMT switch-
ing from (1) injectable DMTs (Interferons and
Glatiramer  acetate); 2) oral DMTs
(Teriflunomide and Dimethyl fumarate); (3)
monoclonal antibodies (Natalizumab); (4) sphin-
gosine-1-phosphate receptor modulators
(Fingolimod).

Patient demographics, clinical, laboratory, and
MRI variables were extracted from the electronic
health record in June 2024.

The data entry portal was iMEDO software, and
we followed a rigorous quality assurance proce-
dure with a double-entered data system.

Study outcomes

We aimed to explore new DMT prescription after
a complete Cladribine course to identify the
Cladribine prescription pattern in a real-world
setting.

Adverse events (AEs) were collected, according
to the European Medicine Agency definitions.

Disease activity was defined as clinical and radio-
logical activity. Clinical activity was defined as the
presence of new relapses. Radiological activity was
defined as the presence of gadolinium-enhancing
(Gd+) lesions on T1-weighted MRI sequences
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and/or new lesion(s), or increased lesion volume,
compared to a reference scan, on T2-weighted
MRI sequences

Disability was assessed with the Expanded
Disability Status Scale (EDSS) by a Neurostatus-
certified MS specialist. Secondary progression
was defined according to Lorscheider criteria.l?

Statistical analysis

Data are presented as proportion for categorical
variables and mean (standard deviation) or
median (interquartile range) for continuous
variables.

A logistic regression model was built for the out-
come DMT after Cladribine course (as dichoto-
mic 0=no, 1=yes): sex (categorical), age at
Cladribine prescription (continuous, split into
age groups: <40years and >40years), Body Mass
Index (BMI) (ordinal), disease duration (contin-
uous), number of relapses within 12months
before Cladribine prescription (continous), MRI
activity within 12 months before Cladribine pre-
scription (categorical), EDSS at the time of
Cladribine prescription (ordinal), number of pre-
vious DMTs (continuous); variables with » < 0.05
were inserted into the multivariable model.
Multicollinearity was evaluated using the vari-
ance inflation factor, where a value >10 was con-
sidered an index of collinearity among variables.

The results are presented as odds ratios (ORs)
and the corresponding 95% confidence intervals
(95% ClIs). Significance was settled at 0.05.

To verify the probability of therapy sequencing in
our cohort, we built two weighted heatmaps,
respectively, for the probability of post-Cladrib-
ine treatments based on the number of previous
treatments and probability of post-Cladribine
treatment based on the last DMT before
Cladribine.

Heatmaps were generated based on the weighted
pivot tables to visualize the proportion of patients
requiring DMT post-Cladribine. Probabilities
were calculated using normalized row-wise fre-
quencies. The overall risk of requiring post-Clad-
ribine treatment was computed as the mean of a
binary indicator variable for post-Cladribine
treatment across all patients.

The sample sizes for each treatment group were
calculated to wunderstand the distribution of
patients across different treatments and to address
the issue of different sample sizes, weights were
calculated for each treatment group. The weights
were inversely proportional to the sample sizes,
ensuring that groups with smaller sample sizes
did not disproportionately influence the results.
Finally, pivot tables were created to summarize
the data. The pivot tables were normalized to
show the proportion of patients requiring DMT
post-Cladribine.

Incidence rates of subsequent treatment for each
prior DMT group were standardized to 100 per-

son-years, allowing for direct comparisons
between groups with different follow-up
durations.

A forest plot was generated to visually represent
the incidence rates (IR) along with their corre-
sponding 95% CI. Heatmaps and IR were calcu-
lated on patients with at least 6 months of
follow-up after second cycle.

Python Software Foundation (version 3.10),
Wilmington, Delaware, USA; https://www.
python.org was employed for the analysis.

Results
A total cohort of 352 patients was enrolled (Figure
1). Baseline characteristics are shown in Table 1.

Generally, 134 patients were naive to any DMT,
while 218 were switchers from other DMTs.
Among switchers, 117 (53.7%) had only one
DMT prescription before Cladribine, while other
101 (46.3%) had more than one DMT before.

The last DMT before Cladribine prescription
was an injectable first line DMT for 48 (22%)
patients, oral first line DMT for 141 (64.7%)
patients, SP1 inhibitor-Fingolimod for 23
(10.6%) and Natalizumab for 6 (2.7%) patients.

During the interval between first and second cycle,
7 (1.9%) patients had MRI activity and 15 (4.2%)
had a relapse after a median time of 5.1 =%
0.8 months. Among them, two stopped therapy
and didn’t complete the second Cladribine cycle
for suboptimal response (one proceed to hemat-
opoietic stem cells transplantation and the other
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Patients actively followed at 6 Italian MS centres
(more than 3000)

Diagnosis of Relapsing MS (RMS)
according to 2017 McDonald criteria

Initiated Cladribine
between Jan 2019 and May 2023

Started Cladribine as first DMT
or after failure from previous DMTs

Final Included Patients
(n=352)

Figure 1. Flow chart of the study.
DMT, disease modifying therapy.

Table 1. Whole cohort characteristics.

one started a monoclonal antibody therapy-Natal-
izumab) and three for other reasons (two patients
had moderate Covid19 infection during pandemic
and one woman got pregnant).

During the available follow-up from the second
cycle (n=347 patients), 30 patients (8.6%) expe-
rienced a relapse after a median time of
10.5months (IQR 5.3-21.3, minimum 2, maxi-
mum 39). Of these, 26 patients (7.4%) had con-
comitant MRI activity. Fifteen patients (4.3%)
exhibited isolated MRI activity from the last
Cladribine cycle to the last available MRI.

Patients with conversion to secondary progres-
sive MS were 11 (3.2%) after a median of 21.5
(IQR 17.5-24.6) months. No serious AEs were
collected all over the follow-up. The most fre-
quent AE was Herpes Zoster (six patients;
Table 2).

Heatmaps and Incidence rates

A total cohort of 270 patients had at least 6 months
of follow-up and was included for the following
analyses.

The median available follow-up after second
cycle was 25 months (IQR 14-35 months, mini-
mum 6 months, maximum 58 months).

Summary Whole cohort
Statistics n=352
Sex Female No. (%) 256 (72.7)

Age at Cladribine prescription
BMI

Naive

Disease duration

EDSS at the time of Cladribine prescription

Years Mean (SD) 37 (29-47)
Median (IQR]  24.4 (22.6-26.7)
No. (%) 134 (38.1)

Months  Median (IQR) 79 (40-150)
Median (IQR) 2.0 (1.0-2.0)

No. of relapses within 12months before Cladribine prescription Mean (SD) 1.7 (0.6)

MRI activity within 12months before Cladribine prescription No. (%) 247 (70.2)

BMI, body mass index; DMT, disease modifying therapy; EDSS, Expanded disability status scale; |IQR, Interquartile range;
MRI, magnetic resonance imaging, No., number; SD, Standard Deviation.
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Thirty-three (12.2%) patients started a new
DMT after a median time of 24months (IQR
18-31). All patients with a new DMT prescrip-
tion had disease activity during the follow-up
after second cycle (26 for concomitant clinical
and radiological activity, 4 for clinical activity
alone and 3 for isolated MRI activity). DMTs
prescribed are shown in Figure 2.

The generalized linear regression model for the
event new DMT prescription, revealed
age >40years at Cladribine prescription as the
strongest predictor. For patients aged > 40 years,
the OR was 0.84 (95% CIL. 0.71, 0.99),
p-value=0.04, suggesting a 16% decrease in the
likelihood of receiving a new DMT prescription
(Figure 3). No other variables were retained in
the model (Table 3).

Ocrelizumab
10 (30.3%)

Figure 2. New DMTs prescribed.

Table 2. Adverse events.

CLADRIBINE No.=247
Adverse events, No. (%)

Headache 4(1.6)

Lymphopenia 5(2)

Upper respiratory tract infections 5 (2)

Herpers Zoster 6(2.4)

Herpes virus type 2 2(0.8)

The results of the two different weighted heat-
maps for the probability of new DMT prescrip-
tion are presented in Figures 4 and 5.

DMF, dimethyl fumarate; DMTs, disease-modifying therapies; TRF, teriflunomide.
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A) Logistic Regression for Age <= 40 B) Logistic Regression for Age > 40
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Figure 3. Logistic regression plot for age at Cladribine prescription. (a] Age <40years and (b) Age > 40years.
Cl confidence interval; OR, odd ratio.

Table 3. DMT prescription after Cladribine course: Univariable model.

Variables* Univariable analysis
OR 95% CI p-Value

Sex2 0.29 0.05-1.08 0.11
Age > 40years 0.84 0.71-0.99 0.04
Age <40years 0.95 0.88-1.03 0.24
BMI 1.02 0.91-1.12 0.77
Disease duration 1 1-1.01 0.19
EDSS at Cladribine prescription 1.31 0.2-25.65 0.81
MRI activity within 12 months before Cladribine prescription 5.98 1.17-109.44 0.09
No. relapses within 12months before Cladribine prescription  1.41 0.68-2.87 0.34
No. DMTs before Cladribine prescription 1.31 0.83-2.02 0.22

aMale sex was used as reference.

BMI, body mass index, DMT, disease modifying therapy; N, number; EDSS, expanded disability status scale; OR, Odds
Ratio.

"For dichotomic variables the last variable (1=yes) was employed as reference.

Figure 4 shows that number of previous DMTs post-Cladribine remains high regardless of the
not significantly affect the efficacy of Cladribine. number of previous drugs (naive patients 89%,
The proportion of patients not requiring DMT  four DTMs before 89%).
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Conversely, as shown in Figure 5, the type of last
DMT before Cladribine influences the efficacy of
the treatment: patients previously on Natalizumab,
injectable DMTs, oral DMT's showed the highest
rates of not requiring post-Cladribine DMT
(100%, 94.7%, 86.7%, respectively). Conversely,
patients previously on Fingolimod had a lower
rate (72.2%).

The overall risk of requiring post-Cladribine
treatment across all patients was 12%.

Figure 6 illustrates the IR per 100 person-years,
along with their 95% ClIs. It highlights the likeli-
hood of patients initiating a new DMT after
Cladribine treatment, based on their prior DMT.
Fingolimod had the highest IR*persons/year:
11.19, 95% CI: 10.21-12.18), oral DMTs and
naive patients had similar IR*100 persons/year
(6.14, 95% CI: 5.82-6.46 and 5.79, 95% CI:
5.46-6.12, respectively), while the injectable
DMTs had the lowest IR.*100 persons/year 2.38,
95% CI: 2.05-2.71.

Discussion

In our multicentric real-world Italian study,
Cladribine therapy was generally effective during
the investigated follow-up period, with 12% of
the entire cohort initiating a new therapy after a
median follow-up period of 24months. The
emerging data are interesting and worthy of dis-
cussion from various perspectives.

First, our aim aligns with recent scientific litera-
ture that has explored the positioning of
Cladribine, particularly focusing on long-term
therapeutic strategies.!"1* Our cohort is very
homogeneous, consisting of patients who are
either naive or switched due to the inefficacy of
another drug.

Age at the time of prescription seems to serve as a
protective factor, with individuals over 40years
experiencing a 16% reduction in the likelihood of
needing a new DMT prescription.

Current evidence indicates that the effectiveness of
Cladribine is not significantly reduced in older indi-
viduals with MS.15-17 Additionally, it is generally well
tolerated, with no specific safety concerns related to
older age, including lymphocytopenia.!8:1°

Recently an expert panel has recommended the
use of Cladribine for individuals aged 45 years or
older who were previously on a platform/first-line
DMT (Interferons, Glatiramer acetate, Dimethyl
fumarate, or Teriflunomide), or for those aged
55years or older after a high-efficacy DMT (S1P
inhibitors, Natalizumab, anti-CD20 agents,
Alemtuzumab).20

Our data suggest that the best profile is observed
in patients transitioning from injectable therapies,
followed by those on oral therapies and naive
patients.

Regarding the data on Natalizumab, although the
IR is unreliable due to the small sample size,
weighted heatmap analysis shows that patients
transitioning from this therapy remained stable
with no risk of starting a new DMT. A previous
study involving 17 patients who discontinued
Natalizumab due to a high John Cunningham
virus antibody index (n=13), disease activity
(n=6), or MRI disease activity (n=4), and
switched to oral Cladribine, demonstrated effec-
tive disease suppression over a mean period of
9.7 months with no serious AEs other than the
expected lymphopenia.21:22 Although these find-
ings are anecdotal and numerically limited, they
underscore the need for further investigation into
this type of switch to establish its safety and effi-
cacy in clinical practice.

Another finding confirmed by the literature is the
increased risk of subsequent therapy when switch-
ing from Fingolimod, necessitating careful case-
by-case evaluation, particularly in younger
patients. Real-world studies have reported that
switching to Cladribine from Fingolimod is asso-
ciated with a higher rate of disease rebound.2?3:24
Generally longer time on Fingolimod treatment,
younger age at MS diagnosis, and lower lympho-
cyte levels after discontinuation have been con-
sidered as risk factors for rebound.?42> Another
proposed driver was the delay in B-cell suppres-
sion, which reaches its nadir 2months after
Cladribine initiation, that may explain the differ-
ences in initial disease activity when switching
from Fingolimod.24:26:27

The safety profile of Cladribine observed in our
study is consistent with findings from previous
clinical trials and real-world studies. No serious
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Proportion of Patients Requiring DMT Post-Cladribine
Based on Number of Previous Drugs
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Figure 4. Weighted Heatmap: Proportion of patients requiring new DMT prescription based on number of

previous DMTs.
Y-axis (rows): Number of DMTs before Cladribine.
X-axis (columns): DMTs post Cladribine.

Color Scale: The colors range from yellow (low probability) to dark red (high probability).

The color bar on the right side shows the scale, labeled “Transition Probability (%)

Numbers in Cells: Each cell contains a number representing the probability (from 0 to 1) of transitioning according to
number of pre-Cladribine treatment (row) to the post-Cladribine treatment (column).
DMF, dimethyl fumarate; DMT, disease modifying therapy; GA, glatiramer acetate; IFNs, interferons; TRF, teriflunomide.

AEs were reported during the follow-up period,
and the most frequent adverse event was Herpes
Zoster, which occurred in six patients. This is in
line with the safety data from pooled population
of patients from early to more advanced relapsing
MS. There was no increased risk for infections in
general except for a higher incidence of Herpes
Zoster.?8

It is essential to incorporate insights from various
sources to fully understand the utilization of
Cladribine in Italian clinical practice. This
requires a thorough wunderstanding of how
Cladribine is incorporated into routine care,

including treatment protocols, patient selection
criteria, and monitoring strategies.

Due to the absence of guidance on long-term
management, the main proposal was to classify
patients as responders or not based on clinical,
MRI activity, and biomarker evaluation with reg-
ular and strict disease monitoring based on clas-
sification provided from CLARITY study.!l:15

The observation that 80% of patients with MRI
activity during follow-up did not receive a new
therapy prescription, with only 20% initiating
treatment, suggests a noteworthy pattern. This

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

A Zanghi, R Fantozzi et al.

Proportion of Patients Requiring DMT Post-Cladribine
Based on Last DMT Before Cladribine
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Figure 5. Weighted Heatmap: Proportion of patients requiring new DMT prescription based on previous DMT

before Cladribine.
Y-axis (rows): DMT before Cladribine.
X-axis (columns): DMTs post-Cladribine.

Color Scale: The colors range from light blue (low probability) to dark green (high probability).

The color bar on the right side shows the scale, labeled “Transition Probability (%).”

Numbers in cells: Each cell contains a number representing the probability (from 0 to 1) of transitioning according DMT
before Cladribine (row) to the post-Cladribine treatment (column].

DMF, dimethyl fumarate; DMT, disease modifying therapy; GA, glatiramer acetate; IFNs, interferons; TRF, teriflunomide.

emphasizes the value of developing a collabora-
tive decision-making framework to guide treat-
ment strategies effectively.

The limitations of our real world, multicentric
study investigating Cladribine include several
inherent challenges typical of observational stud-
ies. First, the relatively small sample size may
limit the statistical power and the ability to detect
smaller effect sizes. The absence of a priori power
analysis may affect the reliability and generaliza-
bility of the results, highlighting the need for care-
ful consideration of these factors in future
research. This limitation, coupled with the inher-
ent challenges of long-term studies on immunore-
constituting therapies—such as variability in

patient response and potential unforeseen long-
term effects—suggests that the findings should be
interpreted with caution. Second, the pretreat-
ment drug groups are not very large, which may
affect the robustness of subgroup analyses and
the generalizability of the results. Although the
study spans six centres, the multicentric nature
introduces variability that may not be fully
accounted for, potentially impacting the consist-
ency of the findings. Additionally, the homogene-
ity of the cohort, while beneficial for reducing
confounding variables, may limit the external
validity and applicability of the findings to a dif-
ferent population. These limitations should be
considered when interpreting the results and
planning future research.
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Incidence of Subsequent Treatment after Cladribine by Prior Treatment

NATALIZUMAB 0.00 (95% Cl: 0.00-0.00)

INJECTABLE DMTs (IFNs, GA)

—A- 238 (95% Cl: 2.05-2.71)
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ORAL DMTs (TRF, DMF)
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Figure 6. Forest plot-incidence rate of subsequent treatment after Cladribine (100 person-years).

Forest plot depicting the incidence of subsequent treatment after Cladribine administration, stratified by prior DMT.

The X-axis represents the incidence rate per 100 person-years. Points indicate the point estimate of incidence, while
horizontal lines represent the 95% confidence intervals. Prior treatments are listed on the Y-axis. Numerical values to the
right of each point show the incidence rate and corresponding 95% CI.

DMF, dimethyl fumarate; DMT, disease-modifying therapy; GA, glatiramer acetate; IFNs, interferons; TRF, teriflunomide.

Conclusion

Our real-world data suggest that Cladribine
maintains a better profile in terms of treatment
persistence and reduced need for subsequent
therapies in patients prescribed after 40 years of
age and those who are treatment-naive or transi-
tioning from therapies other than Fingolimod.
These findings highlight the importance of con-
sidering patient age at prescription and treatment
history in therapeutic decision-making for
MS‘29—31

Identifying the optimal patient profile for
Cladribine prescription is pivotal as it will enable
personalized treatment plans that maximize effi-
cacy and minimize risks. By understanding the
key characteristics of patients who respond best
to Cladribine, we can tailor therapeutic strategies
to achieve optimal outcomes.
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