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ABSTRACT

Introduction: Cladribine administration has
been approved for the treatment of relaps-
ing–remitting multiple sclerosis (MS) in 2017;

thus, data on cladribine in a real-world setting
are still emerging.
Methods: We report on cladribine effective-
ness, safety profile, and treatment response
predictors in 243 patients with MS followed at
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eight tertiary MS centers. Study outcomes were:
(1) No Evidence of Disease Activity-3 (NEDA-3)
status and its components (absence of clinical
relapses, MRI activity, and sustained disability
worsening); (2) development of grade III/IV
lymphopenia. The relationship between base-
line features and the selected outcomes was
tested via multivariate logistic models.
Results: Of the 243 subjects included in the
study (66.5% female, age 34.2 ± 10 years, dis-
ease duration 6.6 ± 9.6 years), 64% showed
NEDA-3 at median follow-up (22 months).
Patients with higher number of previous treat-
ments had lower probability to retain NEDA-3
[odds ratio (OR) 0.64, 95% confidence interval
(CI) 0.41–0.98, p = 0.04] and were more prone
to experience clinical relapses (OR 1.6, 95% CI
1–2.6, p = 0.04). The presence of active lesions
at baseline was associated with follow-up mag-
netic resonance imaging (MRI) activity (OR
1.92, 95% CI 1.04–3.55, p = 0.04). Patients with
higher rate of relapses in the year prior to
cladribine start were at higher risk of developing
sustained disability worsening (OR 2.95% CI
1–4.2, p = 0.04). Lymphopenia grade III/IV over
the follow-up was associated with baseline
lymphocyte count (OR 0.998, 95% CI
0.997–0.999, p = 0.01).
Conclusion: In this large cohort, we confirm
previous data about cladribine effectiveness on
disease activity and disability worsening and
provide information on response predictors that
might inform therapeutic choices.

Keywords: Cladribine; Multiple sclerosis;
NEDA-3; Safety; Predictors

Key Summary Points

Cladribine administration has been
approved for the treatment of
relapsing–remitting multiple sclerosis
(RRMS) in 2017 and data on cladribine in
real-world setting are still emerging.

Effectiveness, safety profile, and treatment
response predictors in 243 MS patients
followed at 8 tertiary MS centers in real-
word practice.

64% of patients included in the study
showed No Evidence of Disease Activity
(NEDA)-3 at median follow-up
(22 months). Median time to NEDA-3 loss
was 2.6 years. Patients with higher
number of previous treatments had lower
probability to retain NEDA-3 and were
more prone to experience clinical relapses.
III/IV grade lymphopenia over the follow-
up was associated to baseline lymphocyte
count (OR 0.998, 95% CI 0.997–0.999,
p = 0.01).

Our results advocate the use of higher
efficacy disease-modifying therapy in
early stages of the disease.

Cladribine might be more effective when
placed as an early choice along the
treatment algorithm.

INTRODUCTION

Cladribine (2-chlorodeoxyadenosine) is a pur-
ine nucleoside analog, approved for the treat-
ment of relapsing–remitting multiple sclerosis
(RRMS) in the European Union since 2017.
Cladribine administration (two courses,
12 months apart) induces a deep, rapid, and
long-lasting lymphocyte depletion, followed
by an immune reconstitution, characterized by
improved immune tolerance and reduced
immune cell infiltration into the central
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nervous system [1]. This mechanism of action
is responsible for cladribine sustained efficacy
beyond the actual treatment period [2–5].
Indeed, in extension studies of the registration
trial (CLARITY), over 70% of patients
remained free from disability progression
5 years after baseline [5], with one-third of
patients showing no evidence of disease
activity (NEDA) up to 6 years [4]. In line with
these findings, real-world data from the Italian
MS national registry document show that over
50% of the patients treated with cladribine in
the context of the randomized clinical trials
(RCTs) did not relapse or experience disability
progression after 5 years [6]. Finally, prelimi-
nary data from an exploratory single-center
study suggest that cladribine might mitigate
the risk of disability progression after 8 years
[7]. Despite cladribine high and sustained
efficacy, a percentage of patients show sub-
optimal response to the drug, with factors
affecting treatment response still largely
unknown. Post-hoc analyses from the
CLARITY study reported consistent relapse rate
reductions in all patients, regardless of base-
line demographics and disease characteristics
[8]. More recently, additional analyses sug-
gested a better response in patients with high
disease activity in the year prior to cladribine
start [9], regardless of their pre-enrollment
treatment status (naı̈ve or previously treated)
[10]. Data from real-world studies, including
less disabled patients with RRMS with shorter
disease duration and a larger variety of previ-
ous treatments compared with the RCTs, have
suggested suboptimal disease control in
cladribine-treated patients switching from
natalizumab [11], and a higher risk of severe
lymphopenia and subsequent herpes virus
infections in patients previously treated with
dimethyl fumarate [12]. As the MS therapeutic
portfolio continues to expand, the identifica-
tion and confirmation of potential risk factors
of suboptimal response to specific disease-
modifying therapies (DMTs) is of fundamental
value. As, on the basis of CLARITY and
extension trials, a full treatment course of oral
cladribine does not require further therapy
until at least 4 years after initiation of treat-
ment [13], it is of utmost interest to identify

factors that might predict treatment failure in
shorter timeframes, in order to tailor thera-
peutic choices to individual needs. Given
these premises, our study aims to explore
cladribine effectiveness and safety profile and
provide information on treatment response
predictors, collecting data from eight tertiary
MS centers in a retrospective observational
setting.

METHODS

Study Design

This was a multicenter, observational, post-
marketing study. We retrospectively collected
data of patients with RRMS who regularly
attended eight tertiary MS outpatient clinics in
Central and Southern Italy (A. Cardarelli
Hospital, Naples; A.O.U. San Giovanni di Dio e
Ruggi d’Aragona, Salerno; Department of
Advanced Medical and Surgical Sciences,
University of Campania ‘‘Luigi Vanvitelli,’’
Naples; Department of Neurosciences, Repro-
ductive Science and Odontostomatology, Fed-
erico II University, Naples; IRCCS Neuromed,
Pozzilli; Policlinico Tor Vergata, Rome; S.
Andrea Hospital, Rome; San Paolo Hospital,
Naples), and started treatment with cladribine
after its approval by the Italian Medicine
Agency (March 2019) or under a free-of-charge
dispensation program. Administration of
cladribine was performed according to the most
recent summary of product characteristics
[3.5 mg/kg body weight over 2 years, adminis-
tered as one treatment course per year. Each
treatment course consists of 2 treatment weeks,
one at the beginning of the first month and one
at the beginning of the second month of the
respective treatment year. Each treatment week
consists of 4 or 5 days on which a patient
receives 10 mg or 20 mg (one or two tablets) as a
single daily dose, depending on body weight].
Clinical and magnetic resonance imaging (MRI)
data were collected by each MS center following
the local medication monitoring plan and hos-
pital guidelines. We considered data from
patients who started cladribine as first treat-
ment (naı̈ves) as well as patients previously
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treated with other DMTs (either first-line ther-
apies, e.g., dimethyl fumarate, glatiramer acet-
ate, interferons, and teriflunomide, or second-
line therapies, e.g., anti-CD20, daclizumab,
fingolimod, mitoxantrone, and natalizumab).
To analyze a population representative of clin-
ical practice, patients who were originally
enrolled in RCTs and continued treatment with
cladribine after its approval were not included.

Data Collection

Data were retrospectively collected from Jan-
uary 2021 to December 2021 from each center
clinical database, on a study-specific spread-
sheet elaborated in order to harmonize data
storage. For each patient, the following infor-
mation was collected at cladribine start
(henceforth defined as ‘‘baseline’’): sex, date of
birth, date of MS onset, date of MS diagnosis,
Expanded Disability Status Scale (EDSS) score,
number of relapses in the year preceding
cladribine start, presence of gadolinium (Gd)-
enhancing lesions at last MRI before treatment
start (range 0–6 months), number of prior
DMTs, last DMT, date and reason for its dis-
continuation, and date of first cladribine cycle.
Follow-up data were collected from the baseline
to the last available visit or until cladribine
discontinuation. For each patient, we recorded
the date of second cladribine cycle, number and
dates of relapses, the occurrence and date of
MRI activity, the presence and date of adverse
events (AEs) during cladribine treatment, EDSS
at each visit after cladribine start, lymphocyte
count at months 3, 12, and 24 from cladribine
start, and date and reason for cladribine dis-
continuation (if applicable). In December 2021,
data were centrally reviewed and checked for
consistency before analysis.

Outcome Measures

Effectiveness
As effectiveness outcomes, we considered
NEDA-3 status and its components (absence of
clinical relapses, MRI activity, and sustained
disability worsening) [14]. A relapse was defined
as any new neurologic symptom not associated

with fever or infection lasting for at least 24 h
and accompanied by new neurologic signs [15].
MRI activity was defined as the presence of new
T2 hyperintense lesions compared with the
baseline scan and/or Gd-enhancing lesions.
Disability worsening was defined as 1.5-point
increase (if baseline EDSS score was 0), 1.0-point
increase (if baseline EDSS score was\5.5), or
0.5-point increase (if baseline EDSS score was
C 5.5) confirmed 6 months apart and sustained
until the last available visit [16]. We then
identified the number of patients falling in the
relapse-associated worsening (RAW) and pro-
gression independent of relapse activity (PIRA)
category [17].

Only data of patients with a minimum
6-month persistence on cladribine were con-
sidered. The 6-month on-treatment persistence
was decided on the basis of a phase 2 trial
showing that improvements in MRI outcomes
were evident at week 24, consistently with
clinical outcomes [18, 19]. Indeed, differences
in relapse rates between cladribine treatment
groups and placebo demonstrated a positive
trend as early as 4 weeks, with differences more
marked and accompanied by non-overlapping
confidence intervals after 24 weeks [18, 19]. For
the same reasons, and to exclude rebound dis-
ease activity in patients switching from previous
DMTs and misinterpretation related to regres-
sion to the mean effect [20], relapses and MRI
activity occurring in the initial 6 months of
treatment were not included in the effective-
ness analysis.

Safety
As safety outcome, we considered the develop-
ment of grade III/IV lymphopenia. Lymphope-
nia severity grades were defined according to
current definition [21].

For descriptive purposes, AEs occurred under
cladribine treatment were graded as mild
(minimal or no treatment required and no
interference with daily living activities), mod-
erate (may require treatment and cause some
interference with functioning), severe (systemic
drug or other treatment required, interruption
of daily living activities), or life threatening
(immediate risk of death) [22].
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Statistical Analysis

Statistical analyses were performed in SPSS 25.0,
with a significance level a = 0.05. Descriptive
data are provided for all variables included in
the study. Continuous variables are summarized
as mean values with standard deviations (SDs).
Categorical variables are summarized as number
(percentages). Between-group comparisons were
tested with nonparametric Mann–Whitney
U test for continuous variables and chi-square
test for categorical variables. The relationship
between baseline variables (demographic and
clinical) and effectiveness outcomes was tested
via multivariate logistic models. We chose to
perform a multivariate regression analysis,
entering in the model a set of predictors and
assessing their individual contribution to the
overall prediction rather than a preliminary
univariate model. The application of a univari-
ate model to the prediction of the out-
come(s) would not reflect the real-world setting
were the effects of/interaction between multiple
clinical and demographic factors (rather than
the effect of a single factor observed in isola-
tion) driving the observed outcome(s).

Outcomes of interest were NEDA-3 at med-
ian follow-up (primary outcome), occurrence of
relapses over the follow-up, occurrence of MRI
activity over the follow-up, sustained disability
worsening at last available follow-up. All mod-
els accounted for the following covariates: sex,
age at cladribine start, disease duration, number
of treatments before cladribine, relapses in the
year before cladribine start, presence of MRI
active lesions at baseline, switch or naı̈ve status.
The model predicting sustained disability
worsening also accounted for basal EDSS. We
performed a logistic multivariate regression
predicting NEDA-3 at a fixed follow-up (namely
the median follow-up of 22 months), thus lim-
iting the issue related to the follow-up vari-
ability within our cohort. For consistency, the
same analysis was performed for NEDA sub-
components (relapse, MRI activity, and disabil-
ity worsening). Moreover, predictive variables
of time to NEDA-3 loss were also estimated with
a Cox regression analysis; median survival time
to NEDA-3 loss and its components were esti-
mated by Kaplan Meier survival analysis. MRI

activity occurring within 1 month from a clin-
ical relapse was considered associated with the
clinical relapse and therefore considered in the
model predicting occurrence of relapses over
the follow-up rather than in the model pre-
dicting MRI activity over the follow-up. The
choice to analyze clinical activity and MRI
activity separately was sustained by their dif-
ferent biological and prognostic meaning.
Indeed, the presence of minimal evidence of
MRI activity is prognostically favorable [23],
while clinical activity has a recognized impact
on disability accrual [24].

The relationship between baseline variables
and safety outcomes (grade III/IV lymphopenia)
was tested via multivariate logistic model,
accounting for sex, age at cladribine start, disease
duration, numberof treatmentsbefore cladribine,
relapses in the year before cladribine start, basal
lymphocyte count, and switch or naı̈ve status.

Post-hoc analyses were run to explore the
impact of exposure to different DMTs on our
primary outcomes (Kaplan–Meier curves and
log-rank comparisons for time to NEDA-3 loss
and logistic regression for grade III/IV lym-
phopenia). Prior DMT exposure was reclassified
as ‘‘naı̈ve/first-line injectables/first-line oral/fin-
golimod/natalizumab’’ as well as ‘‘naı̈ve/first
line/second line.’’ Only treatments with a fre-
quency higher than 1% in the study population
were included in these analyses. In the time-to-
event analysis, for patients experiencing both
clinical and MRI activity over the follow-up, the
event that occurred first chronologically was
considered for the time to NEDA-3 loss.

Ethics Statement

The present study was conducted in accordance
with specific national laws and the ethical
standards of the 1964 Declaration of Helsinki
and its later amendments. Given its retrospec-
tive design, this study did not interfere in the
care received by patients. In addition, specific
ethical approval was not required owing to the
retrospective design, and since all clinical
assessments were part of the clinical practice in
a university- or hospital-based specialized center
setting. However, as per Italian regulations [25],
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the principal investigator of each site notified
the local ethic committee about this retrospec-
tive study. Patients provided their informed
consent to collect data for clinical purposes.

RESULTS

Study Population

A total of 243 subjects were included in the
study (66.5% female, mean age 34.2 ± 10 years,
mean disease duration 6.6 ± 9.6 years). Of
these, 71 (29.3%) were treatment naı̈ve, while
172 (70.7%) were switching from previous
therapies (72.6% from first-line and 27.3% from
second-line treatments) (Fig. 1). Reasons for
switch were inefficacy (124 patients, 72%),
safety concerns (31 patients, 18.1%), or other
reasons (pregnancy planning, personal choice
of the patient, low compliance) (16 patients,
9.3%). Naı̈ve patients were significantly
younger and showed shorter disease duration
than patients switching from other therapies
(32.86 ± 10.5 versus 35.7 ± 9.6 years p = 0.02
and 1.54 ± 3.0 versus 8.74 ± 6.8 years
p\0.0001, respectively). The mean wash-out
period between previous treatment and
cladribine start was 3.7 months. The relapse rate
in the year prior to cladribine start was 0.69,
and 56.7% of the patients had active lesions
prior to cladribine start. Naı̈ve patients and
patients switching from other therapies did not
differ for Annualized Relapse Rate (ARR) in the
year prior to cladribine start, presence of active
lesions, or EDSS at baseline. The mean follow-up
from cladribine start was 22 ± 10 months (me-
dian 22 months, range 8–45 months). Eighty-
four percent of the enrolled patients had com-
pleted two cycles of treatments and 21% were
followed up for 2 years or more. Demographics
and baseline clinical data of the study popula-
tion are shown in Table 1.

Effectiveness

No Evidence of Disease Activity-3
Sixty-four percent of patients showed no evi-
dence of disease activity (NEDA-3) at median

follow-up (22 months). Patients with higher
number of previous treatments had lower
probability to retain NEDA-3 (OR 0.64, 95% CI
0.41–0.98, p = 0.04). Descriptive data and
results of the logistic regression investigating
the relationship between demographic/clinical
features and NEDA-3 are reported in Table 2.
Higher number of previous treatments was also
associated with time to NEDA-3 loss (p = 0.03).
On the other hand, time to NEDA-3 loss did not
differ across DMTs exposure classes (either first-
line injectables/first-line oral/fingolimod/natal-
izumab or first line/second line) (data not
shown). Median time to NEDA-3 loss was
2.6 years. Figure 2 shows median survival time
to NEDA-3 loss and its subcomponents (relapse,
MRI activity, disability worsening). Respectively
median survival time to first relapse was
3.2 years, median survival time to MRI activity
was 2.6 years, and median survival time to dis-
ability worsening was 2.9 years.

Relapses
After cladribine start, clinical relapses were reg-
istered in 28 patients (28 events, 72.7% in
patients switching from other therapies).
Excluding events occurred during the first
6 months of treatment (10 clinical relapses), 18
relapses were included in the analysis. Higher
number of previous treatments was the only
baseline feature associated with higher proba-
bility to experience clinical relapses (OR 1.6,
95% CI 1–2.6, p = 0.04, respectively). Descrip-
tive data and results of the logistic regression
investigating the relationship between demo-
graphic/clinical features and relapses over the
follow-up are reported in Table 3.

Magnetic Resonance Imaging Activity
Evidence of MRI activity was noted in 55
patients (55 events, 76.9% percent in patients
switching from other therapies). Excluding
events occurred in association to clinical relap-
ses (n = 15) and or in the first 6 months of
therapy (n = 10), 30 events were included in the
analysis. Among baseline features, only the
presence of active lesions detected at baseline
MRI was associated to follow-up MRI activity
(OR 1.92, 95% CI 1.04–3.55, p = 0.04).
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Descriptive data and results of the logistic
regression investigating the relationship
between demographic/clinical features and MRI
activity over the follow-up are reported in
Table 4.

Sustained Disability Worsening
Considering the last available follow-up, sus-
tained disability worsening occurred in 31
patients (12.7%). Among sustained disability
worsening events, 3 could be classified as RAW
and 28 as PIRA. Given the low number of RAW
events, we did not have the power to perform a
separate analysis in this group. Indeed, patients
with a higher rate of relapses in the year prior to
cladribine start were at higher risk of developing
sustained disability worsening at follow-up (OR
2.95%, 95%CI 1–4.2, p = 0.04); with a trend
identified also for higher EDSS at baseline (OR
0.55, 95%CI 0.29–1.0, p = 0.07). Descriptive
data and results of the logistic regression
investigating the relationship between demo-
graphic/clinical features and sustained disability

worsening at last available follow-up are repor-
ted in Table 5.

Switch to Other Therapies
During the follow-up, 11 patients (4%) switched
from cladribine to other treatments (ocre-
lizumab, natalizumab, siponimod) following
disease activity (n = 8) or disability worsening
(n = 3). Three patients switched after one cycle
(mean time to switch 10 ± 1 months) and eight
patients after two cycles (mean time to switch
34 ± 4 months).

Safety
Lymphocyte levels were available in 220
patients at baseline, 183 patients at 3 months,
151 patients at year 1, and 79 patients at year 2.
Mean lymphocyte count was 1907.6 ± 825.6 at
baseline, 1025.03 ± 438.5 after 3 months,
1159.62 ± 446.1 after 1 year, and
1060.2 ± 408.8 after 2 years from treatment
start (Fig. 3). Eleven patients had their second

Fig. 1 Treatment frequencies before cladribine start. Pie
chart illustrating last treatment before cladribine start
(expressed as treated patients/total population 9 100).
DAC: daclizumab; DMF: dimethyl fumarate; FTY:

fingolimod; GA: glatiramer acetate; IFNs: interferons;
NTZ: natalizumab; MTX: mitoxantrone; TERI:
teriflunomide
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cladribine cycle delayed (mean delay time
2.2 ± 1.6 months) following a reduced lym-
phocyte count at year 1 (mean
651.82 ± 115.57).

Three months after treatment start, we
observed 2 cases of grade IV lymphopenia, 17
cases of grade III lymphopenia, 50 cases of grade
II lymphopenia, and 24 cases of grade I lym-
phopenia. Eighty-four percent of patients
showing grade III/IV lymphopenia had been
previously exposed to DMTs (seven fingolimod,
six dimethyl fumarate, three glatiramer acetate,
and one teriflunomide). Lymphopenia grade III/
IV over the follow-up was associated with
baseline lymphocyte count (OR 0.998, 95% CI
0.997–0.999, p = 0.01). Descriptive data and
results of the logistic regression investigating
the relationship between demographic/clinical
features and grade III/IV lymphopenia are
reported in Table 6.

Grade III/IV lymphopenia was not influ-
enced by DMTs exposure classes (either first-line
injectables/first-line oral/fingolimod/natal-
izumab or first line/second line) (data not
shown).

In the whole cohort we registered 12mild AEs
in 11 patients, including the 2 aforementioned
grade IV lymphopenia, 1 transaminase increase,
3 infections (herpes zoster, herpes simplex,
vaginal candidiasis), 3 dermatitis, and 1 alopecia.

DISCUSSION

Real-world evidence from diverse population is
extremely valuable in determining drug effec-
tiveness and safety outside of the selected con-
ditions of RCTs. Here, analyzing 243 patients
treated with cladribine over a mean period of
22 months, we confirm previous data about
cladribine effectiveness on disease activity and
disability worsening, and provide information
on response predictors that might inform ther-
apeutic choices. Indeed, the complementary
role of real-world evidence and RCTs findings in
guiding decision making, widely acknowledged
in clinical practice, has been recently recog-
nized also by regulatory authorities [26].

Here, in comparison with the population
analyzed in the phase III study CLARITY and its

Table 1 Demographic and clinical characteristics of the
patients enrolled in the study

n =243

Age at cladribine start, mean (SD),

[range]

34.2 (10.0),

[15–63]

Females, n (%) 163 (66.5)

Years from symptom onset, mean (SD) 6.6 (9.6)

Years from diagnosis, mean (SD) 5.5 (9.5)

Baseline EDSS, mean (SD), [range] 1.94 (1.3),

[0–6.0]

ARR in the year prior to cladribine start,

mean (SD)

0.69 (0.78)

Active lesions at baseline, n (%) 138/243 (56.7)

Number of previous DMTs, mean,

median (range)

1.5, 1 (0–7)

Number of previous DMTs, percentage

1 29%

2 17%

[3 24%

Treatment status at cladribine start,

n (%)

Naı̈ve 71 (29.3)

Previously treated 172 (70.7)

Reason for switch, n (percentage)

Inefficacy 124 (72)

Safety 31 (18.1)

Other 17 (9.3)

Wash-out, months mean (SD) 3.7 (0.8)

Follow-up, years mean (SD) 1.8 (0.85)

Number of cladribine cycles,

n (percentage)

1 243 (100)

2 204 (83.9)

ARR Annualized relapse rate; DMTs Disease modifyng
therapies; EDSS Expanded disability status scale
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extension, we present data on younger (34 ver-
sus 38 years) and less disabled (mean EDSS 1.9
versus 2.8) patients, often starting cladribine
after previous DMTs (71% versus 26%) and
exposed to a wide variety of previous treat-
ments, including, but not limited to,
injectable drugs. Different from other recent
real-world data [6, 27], patients included in the
present study were all treated with the licensed
dose of 3.5 mg/kg and, for the vast majority
(84%), completed two courses of cladribine
therapy.

Regarding cladribine effectiveness, we found
high rates of NEDA-3 after 22 months of
cladribine treatment, substantially overlapping
with previous data from CLARITY post-hoc
analysis [28] and real-world evidence on NEDA-
3 at 2 years after treatment with bioequivalent
intravenous cladribine administered in a single
center before 2010 [29] (respectively 64%, 67%,
and 65% of patients free from disease activity
and progression). The only factor affecting the
likelihood of retaining NEDA and the risk to
experience new relapses was the number of
prior treatments, in agreement with previous
data analyzing effectiveness of intravenous
cladribine and alemtuzumab [29], which advo-
cate the use of higher efficacy disease-modifying
therapy in early stages. This finding should be
interpreted with caution, since demographical
and clinical characteristics of naı̈ve and previ-
ously treated patients were different and
matching among the two groups was not

performed. However, NEDA-3 was not affected
by previous treatment exposure (i.e., patients
treated with first- versus second-line DMTs did
not show any difference in time to NEDA in
comparison with naı̈ve patients). Indeed, con-
sistent treatment benefit in patients with and
without prior exposure to DMTs had been
already reported in post-hoc analyses of the
CLARITY study [8, 10]. Patients showing Gd-
enhancing lesions at baseline had higher risk to
develop MRI activity over the follow-up. This
finding is not surprising, given that Gd-en-
hancing lesions are a good predictor for short-
term MRI activity [20]. In line with a post-hoc
analysis exploring disability outcomes at 5 years
from CLARITY baseline [4], about 12% of
patients in our cohort showed EDSS worsening
over the follow-up. Risk of sustained worsening
was higher in patients with higher relapse rate
in the year before cladribine start. Although this
finding might seem counterintuitive, as previ-
ous data support an amplified beneficial effect
of cladribine tablets in highly active patients
[9, 30], the definition of ‘‘high activity’’ usually
requires the occurrence of two relapses in the
year prior to treatment start, and the relapse
rate in our cohort was far from this cutoff (0.7 in
the overall population, 0.9 in patients experi-
encing progression). Thus, our results are better
interpreted in the light of a recent study that,
analyzing more than 27,000 patients
with B 15.7 years of follow-up, has confirmed
the major contribution of relapses to the

Table 2 Demographic and clinical characteristics associated to NEDA-3 status at median follow-up

Demographic and clinical characteristics NEDA-3 OR (95% CI) p

Yes [n = 81] No [n = 44]

Age at cladribine start mean (SD) 34.7 (10) 35.6 (10) 0.98 (0.94–1.01) 0.24

Female sex n (%) 52/81 (64.1%) 33/44 (75%) 1.28 (0.5–3.2) 0.59

Disease duration mean (SD) 7.1 (7.3) 8.4 (7.2) 1.03 (0.96–1.11) 0.36

Number of previous treatments mean (SD) 1.56 (1.37) 2.2 (1.64) 0.64 (0.41–0.98) 0.04

ARR in the year prior to cladribine start mean (SD) 0.75 (0.79) 0.60 (0.92) 1.20 (0.72–2.0.) 0.47

Presence of active lesions at baseline n (%) 45/81 (55.5%) 28/44 (63.6%) 1.41 (0.59–3.32) 0.43

Switch from other therapies n (%) 60/81 (74%) 35/44 (79.5%) 0.62 (0.17–2.21) 0.45

ARR Annualized relapse rate
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Fig. 2 Median survival time to NEDA-3 loss and its
subcomponents. A Median survival time to NEDA-3 loss;
B median survival time to first relapse; C median survival
time to MRI activity (new T2 lesions or/and gadolinium

enhancing lesions); D median survival time to disability
worsening. NEDA-3, no evidence of disease activity; MRI
magnetic resonance imaging

Table 3 Demographic and clinical characteristics associated to relapses over the follow-up

Demographic and clinical characteristics Relapses OR (95% CI) p

Yes [n = 18] No [n = 225]

Age at cladribine start mean (SD) 30.0 (7.1) 35.1 (10.1) 0.91 (0.83–1) 0.05

Female sex n (%) 84.6% 66.0% 0.53 (0.10–2.7) 0.44

Disease duration mean (SD) 8 (5.0) 6.56 (6.9) 1 (0.85–1.1) 0.99

Number of previous treatments mean (SD) 2.6 (1.7) 1.4 (1.34) 1.64 (1–2.6) 0.04

ARR in the year prior to cladribine start mean (SD) 0.76 (0.92) 0.69 (0.77) 1.24 (0.59–2.61) 0.57

Presence of active lesions at baseline n (%) 14/18 (76.9%) 119/225 (52.6%) 1.56 (0.66–3.70) 0.31

Switch from other therapies n (%) 17/18 (92.3%) 158/225 (69.1%) 0.29 (0.02–3.38) 0.32

ARR Annualized relapse rate
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accumulation of disability over the course of MS
[31].

Lymphocyte counts in our cohort followed
the kinetics known from previous RCTs, with
lymphopenia peaking at month 3 [18, 32].
Incidence of grade IV lymphopenia was similar
to the one reported in clinical trials (\ 1%),
while the incidence of grade III lymphopenia
was even lower (7% versus 25%) [32].

The risk of developing grade III/IV lym-
phopenia was higher in patients with lower
lymphocyte count at baseline, in line with

previous reports on patients treated with inter-
feron, fingolimod, and dimethyl-fumarate
[33–35]. These data might be useful to stratify
patients according to their risk of developing
lymphopenia, guiding personalized therapeutic
choices. However, although an integrated
analysis of cladribine safety from phase III
clinical trials and subsequent long-term obser-
vational registry has reported increased fre-
quency of infections during periods of grade III/
IV lymphopenia[32], none of the infections
described in our population occurred in the

Table 4 Demographic and clinical characteristics associated to MRI activity over the follow-up

Demographic and clinical characteristics MRI activity OR (95% CI) p

Yes [n = 30] No [n = 213]

Age at cladribine start mean (SD) 35.7 (9.8) 34.8 (10.0) 1.03 (0.99–1.07) 0.17

Female sex n (%) 76.6% 65.7% 0.70 (0.27–1.81) 0.47

Disease duration mean (SD) 5.53 (6.3) 6.8 (6.8) 0.95 (0.86–1.04) 0.27

Number of previous treatments mean (SD) 1.4 (1.7) 1.5 (1.4) 1.24 (0.81–1.89) 0.31

ARR in the year prior to cladribine start mean (SD) 0.63 (1.0) 0.70 (0.73) 0.93 (0.55–1.56) 0.78

Presence of active lesions at baseline n (%) 20/30 (76.6%) 111/213 (52.1%) 1.92 (1.04–3.55) 0.04

Switch from other therapies n (%) 19/30 (63.3%) 152/213 (71.3%) 1.49 (0.47–4.73) 0.49

ARR Annualized relapse rate; MRI Magnetic resonance imaging

Table 5 Demographic and clinical characteristics associated to sustained disability worsening at last available follow-up

Demographic and clinical characteristics Sustained disability
worsening

OR (95% CI) p

Yes [n = 31] No [n = 212]

Age at cladribine start mean (SD) 36.8 (11.7) 34.6 (9.7) 1.0 (0.98–1.1) 0.14

Female sex n (%) 77.4% 65.5% 0.5 (0.15–2.2) 0.44

Disease duration mean (SD) 8.7 (8) 6.3 (6.6) 1.0 (0.89–1.1) 0.88

Number of previous treatments mean (SD) 1.8 (1.3) 1.4 (1.4) 1.1 (0.59–2.1) 0.73

Baseline EDSS median (range) 2 (1.2) 1.6 (1.1) 0.55 (0.29–1.0) 0.07

ARR in the year prior to cladribine start mean (SD) 0.9 (1.1) 0.6 (0.8) 2 (1–4.2) 0.04

Presence of active lesions at baseline n (%) 48.3% 54.7% 2.05 (0.59–7.1) 0.25

Switch from other therapies n (%) 77.4% 69.3% 0.5 (0.08–3.3) 0.49

ARR Annualized relapse rate; EDSS Expanded disability status scale
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context of severe lymphopenia. Indeed, risk
stratification for opportunistic infections in MS
patients should take into account an array of
individual demographic and clinical features
[36], and risk mitigation can be achieved
through the implementation of an adequate
screening and prophylaxis protocol [37].

Despite analyzing a cohort substantially
comparable in terms of sample size and demo-
graphic- and disease-related features to the one
recruited from Germany tertiary centers [12], we

did not identify any prior exposure to specific
DMTs as risk factor for suboptimal response to
cladribine.

Our work is not free from limitations.
Indeed, the retrospective design of the study
implies the possibility that certain variables,
potentially influencing the outcome, may not
have been recorded. However, a study-specific
spreadsheet for data collection was set up before
study initiation and provided to each center in
order to collect a minimal common set of

Fig. 3 Mean absolute lymphocyte count during treatment. Green dotted line represents lower limit of normal

Table 6 Demographic and clinical characteristics associated to grade III/IV lymphopenia

Demographic and clinical characteristics Grade III/IV lymphopenia OR (95% CI) p

Yes [n = 19] No [n = 224]

Age at cladribine start mean (SD) 34.42 (8.8) 35.1 (10.1) 0.97 (0.91–1.1) 0.49

Female sex n (%) 78.9% 65.6% 0.47 (0.09–2.2) 0.34

Disease duration mean (SD) 6.42 (4.5) 6.61 (6.9) 0.89 (0.74–1.0) 0.18

Number of previous treatments mean (SD) 2.0 (1.2) 1.4 (1.4) 1.4 (0.75–2.6) 0.27

Basal lymphocytes mean (SD) 1341.1 (414.0) 1957.2 (834.7) 0.99 (0.99–0.99) 0.01

ARR in the year prior to cladribine start mean (SD) 0.52 (0.6) 0.71 (0.7) 0.60 (0.22–1.6) 0.31

Switch from other therapies n (%) 17/19 (89.4%) 151/224 (67.4%) 0.5 (0.07–3.7) 0.52
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fundamental information for all enrolled
patients. Additionally, the relatively small
sample size and short follow-up might have
limited our ability to detect differences within
our population, and further real-world studies
on larger cohorts with longer follow-up will be
needed to address these topics.

CONCLUSIONS

Overall, in this real-word study we confirmed
previous data on effectiveness and safeness of
cladribine in RRMS. Moreover, we identified
better outcomes in patients exposed to a lower
number of previous DMTs, suggesting that
cladribine might be more effective when placed
as an early treatment along the treatment
algorithm. Results from ongoing trials are
awaited to support the long-term benefit of
induction versus escalation therapy [38, 39].
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