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ARTICLE INFO ABSTRACT

Keywords: Background: Cladribine tablets for adult patients with highly active relapsing multiple sclerosis (MS) have been
cladribine tablets available in Finland since 2018. Real-world data from different genetic and geographical backgrounds are
Finland

needed to complement data from clinical trials.

Methods: We investigated the use of cladribine tablets in Finland in a non-interventional cohort study, based on
real-world data from the nationwide Finnish MS registry. All eligible patients who had initiated treatment with
cladribine tablets in 2018-2020 were included. Descriptive analyses for outcomes were conducted using sum-
mary statistics. Time-dependent endpoints were analyzed using cumulated events analysis based on 1-
Kaplan-Meier estimates and curves. Subgroups were analyzed separately according to the number of previous
disease-modifying therapies (DMTs) and the most common last preceding therapies.

Results: Data of 179 patients were analyzed. Median follow-up time was 19.0 months (interquartile range [IQR]
12.0-26.2). Of the 134 patients who were followed for at least 12 months, 112 patients (83.6%) remained
relapse-free during follow-up. Mean annualized relapse rate (ARR) was 1.0 (standard deviation [SD] 0.89) at
baseline, and 0.1 (SD 0.30) at follow-up. Patients with two or more previous DMTs had shorter time to first
relapse (median 2.5 months, IQR 0.6-9.3) when compared to patients with 0-1 previous DMTs (median 11.4
months, IQR 8.7-13.1) (p=0.013). After excluding patients switching from fingolimod (n=33), a statistically
significant difference in time to first relapse was no longer observed between the two groups (p=0.252). Adverse
events (AEs) were reported in 30 patients (16.8%). The most frequent AE was headache (n=14, 7.8%). One
patient (0.6%) died of cardiac arrest. Discontinuation of cladribine tablets was reported in nine patients (5.0%).

multiple sclerosis
real-world data
registries
treatment outcome

Abbreviations: ALC, absolute lymphocyte count; AE, adverse event; ARR, annualized relapse rate; CD, cluster of differentiation; CTCAE, Common Terminology
Criteria for Adverse Events; DMF, dimethyl fumarate; DMT, disease-modifying therapy; EDSS, Expanded Disability Status Scale; IQR, interquartile range; JC virus,
John Cunningham virus; mo, months; MRI, magnetic resonance imaging; MS, multiple sclerosis; SF, standard deviation.
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Conclusion: The mean ARR observed in this cohort was similar to what has been reported in clinical trials.
Approximately half of the patients had used two or more previous DMTs before cladribine tablets. These patients
had a shorter time to first relapse when compared to patients with 0-1 previous DMTs, mostly driven by early
relapses in patients switching from fingolimod.

1. Introduction

Cladribine tablets for adult patients with highly active relapsing
multiple sclerosis (MS) have been available in Finland since 2018 and
fully reimbursed since 2020. Cladribine tablets are administered in two
annual courses over two years (MAVENCLAD EU SmPC, 2021).
Long-term clinical efficacy is expected to be acquired after full dosing,
and can last for at least four years (Giovannoni et al., 2018, 2010).
Treatment with cladribine leads to a transient reduction of B and T
lymphocytes (Comi et al., 2019). There is a greater reduction of CD19+
B cells than CD4+ and CD8+ T cells (Comi et al., 2019). The subsequent
lymphocyte kinetics, recovery of lymphocyte counts, and the reconsti-
tution of immune function have been thought to explain the long-term
therapeutic effect of cladribine (Stuve et al., 2019). Preferential reduc-
tion of memory B cells has been proposed to be the main driver of the
therapeutic effect of cladribine (Ceronie et al., 2018).

Finland is a high-risk region for MS with an age-standardized prev-
alence ranging from 149/100 000 in Pirkanmaa to 276,/100 000 in
South Ostrobothnia during 2010-2016 (Pirttisalo et al., 2020). The na-
tional Finnish MS registry is used at both university and central hospitals
to record attributes of MS patients during clinical practice (Laakso et al.,
2019). The collected data can also be used for nationwide real-world
studies.

Real-world data on cladribine tablets is still limited to a few cohorts
(Bose et al., 2021; Lizak et al., 2021; Mohn et al., 2019; Patti et al., 2020;
Pfeuffer et al., 2021; Rolfes et al., 2021). In the pivotal phase III
CLARITY trial, patients who had failed two or more previous DMTs were
excluded (Giovannoni et al., 2010). As a result, there is a need for
real-world studies investigating the use of cladribine tablets especially in
patients who have received at least two previous DMTs before cladribine
treatment. The present study offers new insights into this subgroup of
patients.

Here, we report the demographic details and clinical outcomes of
patients treated with cladribine tablets from our non-interventional
nationwide real-world cohort study in Finland. We set out to investi-
gate treatment sequencing and the impact of previous disease-modifying
therapies (DMTs) on clinical outcomes in patients treated with cla-
dribine tablets.

2. Material and methods
2.1. Study design and outcomes

All patients in the Finnish MS registry who had initiated treatment
with cladribine tablets for MS from January 1, 2018, to December 31,
2020, in the clinical setting were included. Data entries to the registry
had been made either manually by health care professionals or by
integration from hospital administrative data (Laakso et al., 2019).
Demographic and clinical data were extracted on May 31, 2021. In the
five hospital districts represented by authors IR, HK, SA, JOTS, MR, and
MS-H, the registry data had been updated immediately prior to data
extraction to minimize missing data. Magnetic resonance imaging (MRI)
data were not included, as the national coverage of MRI data in the
registry was insufficient for this study. When calculating the number of
previous DMTs, all interferon treatments were grouped as one therapy.
Discontinuation of cladribine tablets was defined as any of the
following: an end date had been recorded (if, for example, the
second-year dosing had been withheld); a new DMT had been initiated;
or patient died during follow-up. Follow-up time was calculated from

the first dose to either death, treatment switch minus one day (if a
subsequent DMT had been initiated), or data extraction (if the patient
was alive and no other DMT had been initiated). Efficacy outcomes
included number of relapses, annualized relapse rate (ARR), time to first
relapse, and Expanded Disability Status Scale (EDSS). Safety outcomes
included adverse events (AEs) and absolute lymphocyte counts (ALCs).
Lymphopenia was stratified according to the Common Terminology
Criteria for Adverse Events (CTCAE) version 5.0 (U.S. Department of
Health and Human Services, National Institutes of Health, 2017): grade I
(<1.0-0.8 x 10°/L); grade II (<0.8-0.5 x 10°/L); grade III (<0.5-0.2 x
10°/L); and grade IV (<0.2 x 10°/L) lymphopenia.

Since this was a registry study where patients were not contacted at
any time, a Research Ethics Committee approval or patient consent was
not required according to Finnish legislation. Permission from the
Finnish National Institute for Health and Welfare was obtained to allow
secondary use of patient data for the purpose of this study.

2.2. Statistical analysis

Data analysis and visualization was performed on pseudo-
anonymized data using RStudio (Version 1.4.1103). Descriptive ana-
lyses were conducted using summary statistics. Numerical variables
were expressed as means with standard deviations (SDs) or medians
with interquartile ranges (IQRs). Categorical variables were expressed
as frequencies and proportions based on non-missing data. Group
comparisons for continuous variables were performed using the Wil-
coxon rank-sum test or Student’s t-test depending on the normality of
the groups, and for the categorical variables using Fisher’s exact test. For
controlling and checking the False Discovery Rate, Benjamini-Hochberg
procedure was used as a correction for multiple comparisons in de-
mographic and clinical variables. Time-dependent endpoints were
analyzed using cumulated events analysis based on 1-Kaplan-Meier
estimates and curves. Log-rank test was utilized to assess differences
between overall event probabilities.

Baseline EDSS was defined as the last recorded EDSS within one year
before treatment initiation, and baseline ARR was defined as the number
of relapses during that year. Two subgroup analyses were performed.
The first comparison was between patients with two or more previous
DMTs and patients with 0-1 previous DMTs prior to cladribine tablets.
Group comparison testing and time-dependent endpoints were based on
this subgroup analysis. A sensitivity analysis was also conducted to
assess the reason for early relapses in the group of two or more previous
DMTs. The second comparison was between patients with specific DMTs
before cladribine tablets. In this analysis, glatiramer acetate, interferons
and teriflunomide were grouped together as ’platform therapies’ and
dimethyl fumarate, fingolimod and natalizumab were analyzed sepa-
rately. The first six months of each patient’s washout period were
examined for relapses.

3. Results
3.1. Study sample

The study sample included data on 179 patients from 16 of the 21
hospital districts in Finland, who were followed for a median 19.0
months (IQR 12.0-26.2). Follow-up time exceeded 12 months in 134
patients (74.9%) and 24 months in 57 patients (31.8%). Median EDSS at
baseline was 2.0 (IQR 1.0-3.0) and mean ARR at baseline was 1.0 (SD
0.89). Demographic details and clinical parameters of the study sample
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are presented in Table 1, and comparison between subgroups in Table 2
and Table 3.

A majority of the patients had received previous DMTs prior to cla-
dribine tablets (n=126, 70.4%) (Table 1 and Fig. 1) and approximately
half of the cohort had received two or more previous DMTs (n=92,
51.4%). At baseline, patients with two or more previous DMTs were
older, had longer disease duration, and slightly higher EDSS when
compared to patients with 0-1 previous DMTs prior to cladribine tablets
(Table 2). They were also more often relapse-free at baseline and had
lower baseline ARR when compared to patients with 0-1 previous DMTs
(Table 2).

The most common last preceding DMT was fingolimod (n=33,
26.2%) followed by dimethyl fumarate (DMF) (n=29, 23.0%) and
natalizumab (n=20. 15.9%). The reasons for discontinuing last pre-
ceding DMTs were inefficacy (n=65), AEs (n=32), anti-John Cunning-
ham virus (anti-JC virus) antibodies (n=9), patient’s wish (n=6),
pregnancy (n=>5), alteration of disease course (n=2), other (n=8), and
unknown (n=7). Multiple reasons were reported in some patients. In
patients with platform therapies or DMF as their last preceding therapy,
the previous therapy was most frequently discontinued due to inefficacy
(72.7% and 82.8%, respectively). Fingolimod was most frequently dis-
continued due to AEs (39.4%) or inefficacy (33.3%), whereas natalizu-
mab was most frequently discontinued due to presence of anti-JC virus
antibodies (45.0%). During washout period, relapses were reported in
nine patients switching from fingolimod (27.3%), and one patient each
switching from platform therapies (3.0%), DMF (3.4%), and natalizu-
mab (5.0%) (Table 3).

3.2. Efficacy
A total of 154 patients (86.0%) remained relapse-free until the end of

Table 1
Demographic details and clinical parameters of the study cohort.

All patients

n=179
Before cladribine tablets initiation
Sex category, n (%)
Female 153 (85.5)
Male 26 (14.5)
Age, years, mean (SD)
at diagnosis of MS 29.6 (8.46)
at cladribine tablets initiation 35.9 (9.86)
Disease duration, years, median [Q1, Q3] 4.2 [0.3,11.2]
Course of disease, n (%)
RRMS 177 (98.9)
SPMS 2 (1.1)
Number of previous DMTs, n (%)
0 53 (29.6)
1 34 (19.0)
2 34 (19.0)
3 or more 58 (32.4)
EDSS at baseline, median [Q1, Q3] 2.0 [1.0, 3.0]
Relapses at baseline®, n (%)
No relapses 59 (33.0)
1 relapse 71 (39.7)
2 or more relapses 49 (27.49)
ARR at baseline®, mean (SD) 1.0 (0.89)
After cladribine tablets initiation
Relapses during follow-up, n (%)
No relapses 154 (86.0)
1 relapse 18 (10.1)
2 relapses 7 (3.9)
ARR at follow-up, mean (SD)
at entire follow-up 0.1 (0.3)
at 0-12 mo 0.1 0.4)
at 12-24 mo 0.1 0.2)
Time to first relapse”, mo, median [Q1, Q3] 6.8 [1.3,12.2]
Number of patients discontinuing cladribine tablets, n (%) 9 (5.0)

@ During the last 12 months before initiation of cladribine tablets.
b In patients with relapses during follow-up.
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Table 2
Patients stratified into two groups according to the number of previous disease-
modifying therapies.

0-1 previous 2 or more P
DMTs previous DMTs
n=_87 n=92
Before cladribine tablets initiation
Sex category female, n (%) 76 (87.4) 77 (83.7) 0.550
Age at cladribine tablets 33.5 (8.73) 38.2 (10.35) 0.007
initiation, years, mean (SD)
Disease duration, years, 0.3 [0.2, 9.5 [5.7, <0.001
median [Q1, Q3] 2.9] 14.0]
Reason for discontinuing last preceding DMT, n (%)
Inefficacy 26 (76.5)" 39 (42.4)
Adverse events 4 (11.8)" 28 (30.4)
JC virus 2 (5.9)° 7 (7.6)
Patient’s wish 1 (2.9)° 5 5.4
Pregnancy 2 (5.9)% 3 (3.3)
Alteration of disease 1 (2.9)" 1 (1.1)
course
Other or unknown 2 (5.9)% 12 a3
EDSS at baseline, median 1.5 [1.0, 2.0 [1.5, 0.028
[Q1, Q3] 2.5] 3.5]
Relapses at baseline”, n (%) <0.001
No relapses 17 (19.5) 42 (45.7)
1 relapse 36 (41.4) 35 (38.0)
2 or more relapses 34 (39.1) 15 (16.3)
ARR at baseline”, mean (SD) 1.3 (0.89) 0.7 (0.81) <0.001
After cladribine tablets initiation
Relapses during follow-up, n 0.031
(%)
No relapses 80 (92.0) 74 (80.4)
1 relapse 7 (8.0) 11 (12.0)
2 relapses - 7 (7.6)
ARR at follow-up, mean (SD)
at entire follow-up 0.1 (0.18) 0.2 (0.38) 0.063
at 0-12 mo 0.1 0.2) 0.2 (0.5) 0.063
at 12-24 mo 0.0 0.2) 0.1 0.3) 0.550
Time to first relapse, mo, 11.4 [8.7, 2.5 [0.6, 0.013
median [Q1, Q3] 13.1] 9.3]
Number of patients 2 (2.3) 7 (7.6) 0.208

discontinuing cladribine
tablets, n (%)

 In the group of patients with 0-1 previous DMTs, the proportion displayed
here is relative to patients with one previous DMT (n=34) and not the whole
group.

® During the last 12 months before initiation of cladribine tablets.

¢ In patients with relapses during follow-up.

follow-up. In comparison, 112 of the 134 patients (83.6%) who were
followed for at least 12 months remained relapse-free. After initiation of
cladribine tablets, 32 relapses were reported in 25 patients (14.0%).
Mean ARR was 0.1 during follow-up (SD 0.3) (Table 1). Notably, 49 of
the 53 treatment-naive patients (92.5%) remained relapse-free until the
end of follow-up, and mean ARR in treatment-naive patients was 0.1 (SD
0.2) during follow-up (Table 3). EDSS assessments were available in 116
patients at baseline (EDSS 2.0, IQR 1.0-3.0) and 55 patients at 12 months
(EDSS 2.0, IQR 1.0-3.0, n=55). Subgroup analysis of EDSS scores was
not performed due to the small number of patients with sufficient EDSS
values during follow-up.

Median time to first relapse was 6.8 months (IQR 1.3-12.2) and was
shorter in patients with two or more previous DMTs (median 2.5
months, IQR 0.6-9.3) when compared to patients with 0-1 previous
DMTs (median 11.4 months, IQR 8.7-13.1) (Table 2, Fig. 2, log-rank test,
p=0.013). Patients who had switched from fingolimod had a particu-
larly short time to first relapse (median 1.3 months, IQR 0.6-2.7,
Table 3). Also, of the 12 patients (6.7%) who experienced an early
relapse within the first six months of follow-up, eight (66.7%) had
switched from fingolimod. In contrast, only one of these patients (8.3%)
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Table 3

Comparison between patients switching from the most common previous disease-modifying therapies as well as treatment-naive patients. The table does not represent
the entire cohort, as patients switching from other disease-modifying therapies (alemtuzumab [n=6], daclizumab [n=1], ocrelizumab [n=3], and rituximab [n=1])
are not shown. For clarity, null values are not shown.

Last preceding DMT before cladribine tablets Platform therapies” Dimethyl fumarate Fingolimod Natalizumab Treatment-naive
n=233 n=29 n=33 n=20 n=>53
Before cladribine tablets initiation
Sex category female, n (%) 27 (81.8) 22 (75.9) 27 (81.8) 17 (85.0) 50 (94.3)
Age at cladribine tablets initiation, years, mean (SD) 37.4 (10.39) 35.3 (8.41) 38.9 (10.48) 37.4 (11.83) 33 9.17)
Disease duration, years, median [Q1, Q3] 7.2 [3.1,10.1] 3.5 [2.3,10.4] 11.2 [5.9, 13.8] 7.9 [4.6,14.7] 0.2 [0.1, 0.3]
Number of previous DMTs, n (%)
1 11 (33.3) 14 (48.3) 1 (3.0) 7 (35.0) -
2 or more 22 (66.7) 15 (51.7) 32 (96.7) 13 (65.0) -
Reason for discontinuing last preceding DMT, n (%)
Inefficacy 24 (72.7) 24 (82.8) 11 (33.3) 3 (15.0) -
Adverse events 8 (24.2) 4 (13.8) 13 (39.4) 3 (15.0 -
JC virus - - - - - 9 (45.0) -
Patient’s wish 1 (3.0 1 (3.4) 2 (6.1) 2 (10.0) -
Pregnancy - - 3 9.1) 2 (10.0) -
Alteration of disease course - - - 2 (10.0) —
Other or unknown 1 (3.0) 1 (3.9 4 (12.1) 5 (25.0) -
Washout from previous DMT, mo, median [Q1, Q3] 1.6 [0.7, 3.0] 0.9 [0.2, 2.1] 3.1 [2.2, 4.8] 3.1 [1.3, 6.3] -
Patients with relapses during washoutb, n (%) 1 (3.0) 1 (3.4) 9 (27.3) 1 (5.0) —
EDSS at baseline, median [Q1, Q3] 1.5 [1.0, 2.2] 2.5 [1.8, 4.0] 2.0 [2.0, 2.5] 2.2 [1.0, 3.8] 1.5 [0.2, 2.0]
Relapses at baseline®, n (%)
No relapses 11 (33.3) 12 (41.4) 13 (39.4) 15 (75.0) 2 3.8)
1 relapse 17 (51.5) 11 (37.9) 13 (39.4) 5 (25.0) 20 (37.7)
2 or more relapses 5 (15.2) 6 (20.7) 7 (21.2) - 31 (58.5)
ARR at baseline‘, mean (SD) 0.8 (0.76) 0.8 (0.77) 0.9 (0.89) 0.2 (0.44) 1.7 (0.77)

After cladribine tablets initiation
Relapses during follow-up, n (%)

No relapses 30 (90.9) 25 (86.2) 23 (69.7) 17 (85.0) 49 (92.5)

1 relapse 3 ©.1) 2 (6.9) 7 (21.2) 1 (5.0) 4 (7.5)

2 relapses - 2 (6.9) 3 9.1) 2 (10.0) -
ARR at entire follow-up, mean (SD) 0.1 (0.22) 0.2 (0.41) 0.2 (0.37) 0.2 (0.42) 0.1 (0.20)
Time to first relapsed, mo, median [Q1, Q3] 6.8 [3.6, 15.8] 5.7 [2.4,10.3] 1.3 [0.6, 2.7] 7.4 [5.5, 16.6] 11.8 [10.8, 12.6]
Patients discontinuing cladribine tablets, n (%) — 1 (3.4) 6 (18.2) 1 (5.0) 1 (1.9)

2 Glatiramer acetate (n=7), interferons (n=13) and teriflunomide (n=13).

b The first six months of each patient’s washout period were examined for relapses.
¢ During the last 12 months before initiation of cladribine tablets.

4 In patients with relapses during follow-up.

B alemtuzumab (n=6) M glatiramer acetate (n=1) =
= daclizumab (n=1) natalizumab (n=1) —

|:| dimethyl fumarate (n=29)

fingolimod (a=33) cladribine (n=179)

B glatiramer acetate (n=7) no DMT switches (n=175)
[] interferon beta (n=13)

I natalizumab (n=20)

=-ocrelizumab (n=3)
= rituximab (n=1)

D teriflunomide (n=13)

ocrelizumab (n=2) =

treatment naive (n=53)

Fig. 1. Treatment sequencing before and after cladribine tablets. Last preceding therapies are presented on the left. Subsequent therapies after a treatment switch are
presented on the right.
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Table 4
Adverse events reported during follow-up. For clarity, proportions are not shown
in categories with only 1 patient (0.6%).

Patients with event

n %

w
(=]

Any adverse event 16.8
Infections and infestations

Herpetic skin infection

Herpes simplex
Herpes zoster

Non-herpetic skin or mucocutaneous infection”

Upper respiratory infection

Unspecified infection

Urinary tract infection

Vaginal infection
Nervous system disorders

Headache

Dysesthesia
Gastrointestinal disorders

Nausea

Abdominal pain

Diarrhea

Dyspepsia
Skin disorders

Alopecia

Acne 1

Dermatitis 1
General disorders

Malaise 2 1.1
Musculoskeletal disorders

Back pain 2 1.1
Cardiovascular disorders

4.5
3.9

2.8
2.8

o= =00 N ®

-
N

7.8

-

3.9
1.1
1.1

=N NN

N

1.1

Cardiac arrest 1
Hepatobiliary disorders

Hepatitis” 1
Psychiatric disorders

Insomnia 1

# Non-herpetic skin or mucocutaneous infection includes terms abscess,
furunculus, ringworm, and tinea pedis.
b Etiology of hepatitis is not reported.

had switched from natalizumab. To test the impact of a possible disease
reactivation effect after fingolimod, all patients switching from fingoli-
mod (n=33) were excluded, after which there was no difference in the
time to first relapse between patients with 0-1 and two or more previous
DMTs (p=0.252, data not shown).

3.3. Safety

3.3.1. Adverse events

A total of 61 AEs were reported in 30 patients (16.8%) (Table 4). The
most frequent AEs were headache (n=14, 7.8%), Herpes simplex (n=7,
3.9%), and nausea (n=7 patients 3.9%). Only one Herpes zoster infection
(0.6%) was reported in a patient who switched from natalizumab to
cladribine tablets. In addition to herpetic infections, seven other AEs
suggestive of representing skin or mucocutaneous infections (abscess,
furunculus, ringworm, and tinea pedis) were reported in altogether
seven patients (3.9%), although the site of these infections was not
specified. Notably, a single case of unspecified hepatitis was reported
(0.6%). One patient died of cardiac arrest 1.4 years after the second-year
dosing of cladribine tablets.

3.3.2. Lymphocytes

ALCs were available in 166 patients (92.7%). Of these patients, 29
(17.5%) had grade I, 58 (34.9%) grade II, and 37 (22.3%) grade III
lymphopenia at any point during follow-up. No grade IV lymphopenia
was recorded. Before the second-year dosing at 12 months, 7/95 (7.4%)
patients had an ALC lower than 0.8 10°/L (F ig. 3).

ALCs remained within normal limits in 42 (25.3%) patients. To

Multiple Sclerosis and Related Disorders 61 (2022) 103755

investigate whether clinical efficacy was altered in this population, an
additional descriptive analysis on relapse rates was performed. Five of
these patients (11.9%) experienced a relapse during follow-up, and
mean ARR in patients without lymphopenia was 0.1 (SD 0.3), thus being
in line with the total cohort.

3.4. Treatment discontinuation and subsequent therapies

Cladribine tablets were discontinued in nine patients (5.0%), seven
of whom had used two or more previous DMTs before cladribine tablets.
Reasons for treatment discontinuation were variable. These included:
AEs (n=2); inefficacy (n=2); change of diagnosis (n=1); death (n=1);
medication to a comorbidity (n=1); and unknown (n=2). The two AEs
resulting in discontinuation included lymphopenia and lymphopenia
together with hepatitis. One patient was diagnosed with an autoimmune
comorbidity, which required treatment with another immunosuppres-
sive agent, leading to the termination of cladribine tablets after the first
year of treatment.

Discontinuation was most common among patients who had
switched from fingolimod to cladribine tablets (n=6/33, 18.2%)
(Table 3). However, no common cause for discontinuation could be
identified among these patients (data not shown). After treatment
discontinuation, a subsequent DMT was initiated in four patients (2.2%).
These patients had discontinued cladribine tablets during their first
(n=2), second (n=1), or third (n=1) treatment year. The subsequent
DMTs included ocrelizumab (n=2), glatiramer acetate (n=1), and
natalizumab (n=1) (Fig. 1).

4. Discussion

In this nationwide real-world study, we used data from the Finnish
MS registry to describe the demographic details and clinical outcomes of
179 patients treated with cladribine tablets in Finland. After the initia-
tion of cladribine tablets, mean ARR was 0.1 during a median follow-up
of 19.0 months. For comparison, in the clinical CLARITY trial, ARR was
0.14 during a 96-week study, whereas in a previous real-world study,
ARR was 0.31 during a median follow-up of 3.5 years (Giovannoni et al.,
2010; Lizak et al., 2021). The higher ARR observed in the real-world
study by Lizak et al. may reflect differences in follow-up times and
baseline characteristics between studies. Also, the majority of patients
had received only their first year dose of cladribine, which may influ-
ence efficacy outcomes (Lizak et al., 2021).

In the present study, patients initiating cladribine tablets for MS were
characterized by a high female to male ratio in contrast to previous
cohorts (Bose et al., 2021; Lizak et al., 2021; Pfeuffer et al., 2021; Rolfes
et al., 2021). The reason for the relative paucity of male individuals
especially among treatment naive patients in this cohort is unknown.
Cultural or family planning preferences may attribute to this finding.
Two distinct subgroups could be identified according to previous DMT
use. Approximately half of the patients were either naive to treatment or
had used one previous DMT, while the rest had used two or more pre-
vious DMTs before switching to cladribine tablets. Patients with two or
more previous DMTs had a more advanced disease in contrast to patients
with 0-1 previous DMTs, characterized by longer disease duration, less
relapses, and slightly higher EDSS before switching to cladribine tablets.
These findings are not unexpected, as they reflect not only the natural
course of MS, but also current treatment guidelines and reimbursement
criteria.

In Finland, reimbursement criteria for the use of cladribine tablets
are in line with the therapeutic indication evaluated by the European
Medicines  Agency  (European  Medicines  Agency,  2021).
Treatment-naive patients are entitled to full reimbursement of cla-
dribine tablets if they have experienced at least two relapses within one
year and have inflammatory findings in an MRI, whereas patients
switching from other therapies may be entitled to full reimbursement
despite being relapse-free in case of an inflammatory MRI finding while
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Fig. 3. Mean absolute lymphocyte counts (10°/L) before and after initiation of cladribine tablets: a) absolute values, b) means and standard deviations at time points

of special interest. LLN = Lower Limit of Normal

on previous DMT. In light of these stringent reimbursement criteria, it is
surprising that 33% of the patients in our cohort were relapse-free
during the year before treatment initiation. This may be explained by
clinically stable patients switching therapies due to tolerability issues,
family planning, presence of anti-JC virus antibodies, or radiological
disease activity.

Patients with two or more previous DMTs had a shorter time to first
relapse when compared to patients who were treatment-naive or had
used one previous DMT. The former group has not been investigated in

clinical trials, therefore giving new information on the outcomes of
cladribine tablet use in a real-world setting. In patients with two or more
previous DMTs, time to first relapse was very short (median 2.5 months).
This effect was shown to be driven by early relapses in patients
switching from fingolimod to cladribine tablets, likely representing
disease reactivation or rebound after fingolimod. This is not entirely
unexpected, as disease reactivation after fingolimod discontinuation has
been reported (Barry et al., 2019). There are few previous reports on
patients switching from fingolimod to cladribine tablets, including
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description of cases with disease reactivation (Coss-Rovirosa et al.,
2020; Prosperini et al., 2019).

Interestingly, while patients switching from fingolimod seemed to be
at risk for disease reactivation both during washout and after the switch,
few patients switching from natalizumab showed signs of clinical dis-
ease activity despite similar washout period lengths. The number of
patients in each subgroup was small and follow-up time was limited, and
therefore, any conclusions should be made with caution. Although
discontinuation of natalizumab has been associated with an increased
risk for relapses or disease reactivation (Mustonen et al., 2020; Pros-
perini et al., 2019), conflicting results have been published on the
occurrence of disease reactivation when switching from natalizumab to
cladribine tablets (Mohn et al., 2019; Pfeuffer et al., 2021). In our
cohort, the most common reason for discontinuing natalizumab was the
presence of anti-JC virus antibodies. Nevertheless, disease reactivation
has also been shown to occur in patients discontinuing natalizumab due
to presence of anti-JC virus antibodies, as shown in an observational
study comparing rituximab and fingolimod after natalizumab (Alping
et al., 2016).

The most frequently reported AE was headache, which is in line with
the findings from the clinical trial program (Cook et al., 2019; Gio-
vannoni et al., 2010). A recent prospective bicentric cohort study re-
ported skin reactions to be common after cladribine tablets (Rolfes et al.,
2021). In our study, skin disorders including alopecia, acne, and
dermatitis were reported in five patients (2.8%). Furthermore, seven
patients (3.9%) experienced AEs which could be categorized as
non-herpetic skin or mucocutaneous infections, although the site of
infection in these AEs was not reported. One case of hepatitis was re-
ported, which is interesting, as hepatobiliary disorders have also been
reported in the clinical trials (Giovannoni et al., 2010; Montalban et al.,
2018). We also report one fatality in a patient who died of cardiac arrest
1.4 years after the last dose of cladribine tablets.

Most patients experienced mild or moderate lymphopenia. Grade III
lymphopenia was detected in 22.3% of the patients, which is similar to
the 25% observed at any time during the clinical trials (Cook et al.,
2019). Also, no grade IV lymphopenia was recorded, in contrast to the
<1% of recorded cases in the clinical trial program (Cook et al., 2019).
Most patients’ lymphocytes recovered before the second-year dose of
cladribine tablets. A small subgroup of patients had no reduction in
ALGs. Nevertheless, clinical outcomes of these patients were comparable
to the total cohort. This is not unexpected, as the mode of action of
cladribine has been linked to the kinetics of specific subtypes of lym-
phocytes rather than total lymphocyte numbers (Baker et al., 2017;
Comi et al., 2019; Stuve et al., 2019).

The strengths of the present study include the relatively large sample
size and the good national coverage of the Finnish MS registry. Our
cohort represents real-world MS patients treated at both secondary and
tertiary centers in Finland. These types of cohort studies provide unique
insights into diverse populations, including patients with different
ethnic or genetic backgrounds, variable comorbidities, and previous
exposure to multiple DMTs - in contrast to clinical trials — where
stringent inclusion and exclusion criteria may limit generalizability.
However, due to its non-randomized setting, the present study is not
optimal for assessing efficacy outcomes, and regression to mean may
affect relapse outcomes. EDSS data during follow-up were limited, and
therefore, conclusions about long-term disability outcomes could not be
made. Other limitations include the possibility of missing data due to the
voluntary nature in which data entries to the Finnish MS registry are
made, as well as the lack of MRI data.

In conclusion, this registry study demonstrated that approximately
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half of the patients initiating cladribine tablets in Finland had used two
or more previous DMTs before switching to cladribine. These patients
had a particularly short time to first relapse, driven mostly by early
relapses experienced by patients switching from fingolimod, and likely
representing rebound after fingolimod. However, ARR during follow-up
was low in the total cohort. Headache was the most frequent AE.
Overall, these data support the findings from clinical trials on the clin-
ical outcomes and safety of cladribine tablets in a real-life setting.
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