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ABSTRACT

BACKGROUND: Cladribine, a selective immune reconstitution therapy, is approved for the treatment of adult patients with highly active multiple
sclerosis (MS).

OBJECTIVES: Provide experience with cladribine therapy in a real-world setting.

METHODS: This is a registry-based retrospective observational cohort study. First, using data from the Czech nationwide registry ReMuS, we analysed
patients who initiated cladribine from September 1, 2018 to December 31, 2021. Second, we analysed a subgroup of patients who initiated cladribine between
September 1, 2018 to June 30, 2020, thus possessing a follow-up period of at least 2 years. We evaluated demographic and MS characteristics including
disease-modifying therapies (DMTs) before and after cladribine administration, relapses, Expanded Disability Status Scale (EDSS), and adherence.

RESULTS: In total, 617 patients (335 with follow-up of at least 2 years) started cladribine therapy in the study period (mean age 37.0, mean disease
duration 8.4 years, 74.1% females). In most cases, cladribine was administered as a second-line drug, a total of 80.7% had been escalated from a
platform DMT. During 2 years before cladribine initiation, the average annualised relapse rate (ARR) was .67. Following cladribine initiation, the ARR
decreased to .28 in the first year and .22 in the second year. Overall, across the entire two-year treatment period, 69.0% of patients were relapse-free
and the average ARR was .25. As for EDSS development, the median baseline EDSS was 2.5 and remained stable even after 24 months. The
adherence to treatment ranged of around 90%.

CONCLUSION: This nationwide study confirms the efficacy of cladribine in real-world settings, especially in patients who are not treatment-naive. In
addition, the study shows an exceptionally high adherence rate, a finding that underscores the invaluable role of cladribine, but also the value of
registry-based studies in capturing real-world clinical practice.

KEYWORDS: Cladribine, high-efficacy disease-modifying therapy, multiple sclerosis, annualised relapse rate, expanded disability status scale,
adherence

@ ® @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial

4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without
further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).



Journal of Central Nervous System Disease

RECEIVED: August 30, 2023. ACCEPTED: May 28, 2024.
TYPE: Original Research Article

DECLARATION OF CONFLICTING INTERESTS: The authors declared potential conflicts of
interest with respect to the research, authorship and/or publication of this article as following: PP
received compensations for travel, speaker honoraria and consultant fees from Biogen Idec,
Novartis, Merck Serono, Roche, Sanofi Genzyme. JD has nothing to disclose. DH received
compensations for travel, speaker honoraria and consultant fees from Biogen Idec, Novartis,
Merck Serono, Roche, Sanofi Genzyme, Teva and Janssen Cilag. MP received compensations
for travel, speaker honoraria and consultant fees from Biogen Idec, Novartis, Merck Serono,
Roche, Sanofi Genzyme, Teva and Janssen Cilag. AM has nothing to disclose. DM has nothing to
disclose. ZP received compensations for travel, speaker honoraria and consultant fees from
Biogen Idec, Novartis, Merck Serono, Roche, Sanofi Genzyme, Teva and Janssen Cilag. MV
received compensations for travel, speaker honoraria and consultant fees from Biogen Idec,
Novartis, Merck Serono, Roche, Sanofi Genzyme, Teva and Janssen Cilag. ER received
compensations for travel, speaker honoraria and consultant fees from Biogen Idec, Novartis,
Merck Serono, Roche, Sanofi Genzyme, Teva and Janssen Cilag. IS received compensations for
travel, speaker honoraria and consultant fees from Biogen Idec, Novartis, Merck Serono, Roche,
Sanofi Genzyme, Teva and Janssen Cilag. JL received compensations for travel, speaker
honoraria and consultant fees from Biogen Idec, Novartis, Merck Serono, Roche, Sanofi
Genzyme, Teva and Janssen Cilag. JM received compensations for travel, speaker honoraria
and consultant fees from Biogen Idec, Novartis, Merck Serono, Roche, Sanofi Genzyme, Teva
and Janssen Cilag. PS received compensations for travel, speaker honoraria and consultant fees
from Biogen Idec, Novartis, Merck Serono, Roche, Sanofi Genzyme, Teva and Janssen Cilag.
MG received compensations for travel, speaker honoraria and consultant fees from Biogen Idec,
Novartis, Merck Serono, Roche, Sanofi Genzyme, Teva and Janssen Cilag. AM received

compensations for travel, speaker honoraria and consultant fees from Biogen Idec, Novartis,
Merck Serono, Roche, Sanofi Genzyme, Teva and Janssen Cilag. JA received
compensations for travel, speaker honoraria and consultant fees from Biogen Idec,
Novartis, Merck Serono, Roche, Sanofi Genzyme, Teva and Janssen Cilag. PH received
compensations for travel, speaker honoraria and consultant fees from Biogen Idec,
Novartis, Merck Serono, Roche, Sanofi Genzyme, Teva and Janssen Cilag. RA received
compensations for travel, speaker honoraria and consultant fees from Biogen Idec,
Novartis, Merck Serono, Roche, Sanofi Genzyme, Teva and Janssen Cilag. MD received
compensations for travel, speaker honoraria and consultant fees from Biogen Idec,
Novartis, Merck Serono, Roche, Sanofi Genzyme, Teva and Janssen Cilag. EKH received
compensations for travel, speaker honoraria and consultant fees from Biogen Idec,
Novartis, Merck Serono, Roche, Sanofi Genzyme, Teva and Janssen Cilag. DS received
compensations for travel, speaker honoraria and consultant fees from Biogen Idec,
Novartis, Merck Serono, Roche, Sanofi Genzyme, Teva and Janssen Cilag.

FUNDING: The author(s) disclosed receipt of the following financial support for the research,
authorship, and/or publication of this article: This work was supported by the General University
Hospital in Prague project [grant number MH CZ-DRO-VFN64165], the Charles University:
Cooperatio Program in Neuroscience, a Czech Ministry of Health project [grant number NU22-04-
00193], a Czech Ministry of Health project - Conceptual Development of Research Organization -
[Faculty Hospital in Pilsen - FNPI, 00669806] and by a National Institute for Neurological
Research project funded by the European Union (Next Generation EU, Programme EXCELES, ID
Project No. LX22NP0O5107).

CORRESPONDING AUTHOR: Pavel Potuznik, Department of Neurology, Faculty of Medicine and
University Hospital in Pilsen, Charles University, alej Svobody 80, Plzen 323 00, Czech Republic.
Email: potuznikp @fnplzen.cz

Introduction
Cladribine, a purine nucleoside analogue initially utilised for
intravenous treatment of hairy cell leukaemia, has become a
pivotal therapeutic option for multiple sclerosis (MS). The oral
formulation of cladribine has been approved since 2017 for
managing highly active relapsing-remitting multiple sclerosis
(RRMS) in the European Union," with an expanded indication
for an active secondary progressive form of the disease in the
United States.” This treatment’s long-term efficacy and safety
have been substantiated in notable studies such as CLARITY,
CLARITY Extension, ORACLE MS, and within the PRE-
MIERE registry.”® In the Czech Republic, since November
2018, cladribine has been reimbursed as an escalation treatment
for patients diagnosed with RRMS. The place of oral cladribine
within therapeutic protocols is heavily influenced by reim-
bursement conditions. In the period of this study, cladribine was
reimbursed in patients with RRMS with signs of an un-
favourable prognosis of their disease, experiencing at least one
moderate to severe relapse despite treatment with at least one
first-line disease-modifying therapy (DMT). Oral cladribine
has also found utility in lateral switching from other high-
efficacy DMTs (HE-DMTs) in suboptimal tolerability, safety,
or efﬁcacy.7

One of the most salient characteristics of cladribine is its
administration protocol, which consists of repeated pulses that
produce a persistent long-term effect, making it a valuable
selective immune reconstitution therapy (SIRT). SIRT has a
reduction or depletion phase, followed by a repopulation phase
and then by a reconstitution phase, during which the immune
system recovers normal effector function. Oral cladribine results
in the peripheral depletion of lymphocytes that is gradual,
occurring over several weeks, has a greater impact on B cells than
T cells, and is followed by gradual reconstitution of the
peripheral lymphocyte counts over several months. However,
the reconstituted immune system is both qualitatively and
quantitatively different to that before treatment, which explains

sustained efficacy and/or prolonged remission.® The cumulative
dose is 3.5 mg/kg of body weight, delivered in 2 yearly pulses,
each involving 2 treatment weeks.” Long-term clinical efficacy
is expected after full dosing. However, despite these well-
defined protocols, there is a dearth of long-term data on how
to proceed in subsequent years, particularly regarding which
patients may require additional pulses and how to identify non-
responders. This paper aims to bridge this knowledge gap by
presenting an analysis of clinical experiences with cladribine
therapy derived from the ReMusS, the Czech national registry
of patients with MS. We investigate adherence to this
treatment and evaluate its therapeutic efficacy in a subgroup of
patients who have undergone at least 2 years of follow-up. This
real-world evidence can enhance understanding of cladribine’s
role in managing RRMS and improve future therapeutic
strategies.

Methods
Data Collection, Standard Protocol Approvals and

Patient Consents

Data for this retrospective observational cohort study was ac-
quired from the ReMuS registry as of June 30, 2022. Estab-
lished in 2013, ReMuS aggregates data from all 15 MS centres
in the Czech Republic, monitoring virtually all patients re-
ceiving DMTs. As of the specified date, a total of 19,805
patients with MS were included in the ReMuS registry. The
registry systematically collects and analyses various parameters:
demographic, MS-related, treatment-related, socio-economic,
and MRI examinations. However, MRI activity data was not
considered. Data collection utilises standardised software iMed,
and each MS centre exports its data biannua]ly.10 The data then
undergoes a multi-level quality control process (over 100 pre-
programmed checks). Quality reports highlighting suspicious,
invalid, or missing information are then circulated to the re-

. 11
spectwe centres.
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Population of Interest

This study delineates 2 patient groups. Group A includes
patients who initiated cladribine therapy from September 1,
2018 to December 31, 2021. Group B, a subgroup of group A,
consists of patients who started their cladribine therapy between
September 1, 2018 to June 30 2020, thus possessing a longer
guaranteed follow-up period of at least 2 years.

Variables assessed

The study monitored a comprehensive set of variables. Beyond
the basic demographic factors of sex and age, various clinical
parameters were assessed. These included the history of DMTs,
the progression of disability as tracked by the expanded dis-
ability status scale (EDSS), the occurrence and severity of re-
lapses, the annualised relapse rate (ARR), and treatment
adherence.

DMT use was categorised as follows: no DMT, if the
patient was DMT-naive before oral cladribine; platform
DMT (P-DMT), including beta-interferons, glatiramer
acetate, teriflunomide, and dimethyl fumarate; and HE-
DMT, including monoclonal antibodies, modulators of
sphingosine-phosphate receptors, and cladribine. The du-
ration of DMT before initiating oral cladribine, the number
of DMTs used before cladribine, and reasons for dis-
continuing the DMT preceding cladribine were also moni-
tored. Moreover, we tracked patients who switched from
cladribine to other DMTs during the observation period,
noting the specific DMTs. Considering different mechanism
of action of the analysed DMTs, the following rules were
applied to calculate the time: (1) short-term treatment in-
terruptions up to 90 days are not taken into account and are
thus part of the time on treatment; (2) DMTs ocrelizumab
and rituximab are considered active for 2 years after the last
infusion or until another DMT is administered (whichever
comes first); (3) alemtuzumab is considered active from the
first administration until any switch of the DMT.

The number of relapses was evaluated 12 and 24 months
prior to the initiation of cladribine and subsequently in 2 12-
month periods as well as a cumulative 24-month period after the
first dose, including the percentage of their severity determined
according to the Czech reimbursement criteria. A mild relapse
was defined as an EDSS score increase by .5 point, or an in-
crease by 1 point in 1-3 functional systems (except the bowel,
bladder, and cerebral/mental). A moderate relapse was defined
as an EDSS score increase by 1-2 or increase by 2 in 1 or 2
EDSS functional systems or increase by 1 in 4 and more EDSS
functional systems. A severe relapse was defined by exceeding
the moderate relapse criteria.

The ARR was calculated at the individual patient level, using
the number of relapses during each respective follow-up period
and the length of that period in years. To evaluate the ARR

before the initiation of cladribine, a 24-month period was

selected. This extended timeframe was chosen to mitigate
potential biases associated with increased disease activity im-
mediately before escalating therapy, providing a more com-
prehensive overview due to the ineffectiveness of previous
treatments. During cladribine treatment, the full therapeutic
effect may not be immediately observable, and residual disease
activity from prior treatments could still be present. Therefore,
and given the limited duration of available follow-up data, we
analysed the ARRs at 2 key intervals: the initial 12 months and
the subsequent 12 to 24 months post-treatment initiation. This
approach was chosen to illustrate the emerging effectiveness of
cladribine over time. To provide a more comprehensive view, we
also included an aggregated ARR for the entire two-year period
following the initiation of therapy. In addition, for compara-
bility with the CLARITY study,3 we also evaluated ARR at
96 weeks after cladribine initiation. It is crucial to note that our
analysis is descriptive and does not include statistical com-
parisons between individual intervals.

The EDSS was evaluated at multiple points in the treatment
timeline, including at baseline and at 6, 12, 18, and 24 months
post-initiation of cladribine. The EDSS scores were considered
valid only if taken at least 30 days after a relapse, with relapse-
related scores not included in the analysis.

Finally, the analysis focuses on the adherence to the treat-
ment administration and its timing regarding Summary of
Product Characteristics, where intended weeks of cladribine
administration are the 5th, 53rd and 57th week from cladribine
treatment initiation. Adherence was assessed only in those
treatment weeks where sufficient follow-up of a patient was
available.

Statistical Analysis

Analysis was performed with R Statistical Software (v4.2.2; R
Core Team 2022) and relevant packages. Nominal variables
were summarized using absolute and relative frequencies. For
numerical variables, means, standard deviations, and median,
minimum and maximum, where appropriate, were calculated.
The ARR and its 95% confidence intervals (95% CI) were
calculated using the method approximating the Poisson dis-
tribution to a normal distribution.

Results

Baseline Patient Characteristics

This study evaluated data from 617 patients (group A) who
initiated cladribine therapy during the specified study period
from September 1, 2018 till December 31, 2021. Among this
population, a subset of 335 patients (group B) began their
treatment between September 1, 2018, and June 30, 2020,
providing a follow-up period of at least 2 years. Group A
comprised 74.1% females. The average age in this group was
37.0 years. The mean disease duration at the start of cladribine
therapy was approximately 8.4 years (median 6.74 years), and
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the mean baseline EDSS 2.9 (median 2.5). The characteristics
in group B were relatively similar. The mean duration of the
disease was slightly lower at 8.2 years (median 6.6 years), but the
mean and median baseline EDSS at the initiation of cladribine
therapy mirrored those in group A, standing at 2.9 and 2.5,
respectively.

During the 24 months prior to cladribine initiation, data was
available for 522 patients from group A. In these patients, 698
relapses were reported, culminating in an average ARR of .67
(95% CI [.62, .72]). A majority (62.8%) of relapses were of
moderate intensity. A total of 33.9% of these patients experi-
enced at least 2 relapses within the 24-month window before
beginning cladribine treatment. In group B, complete data from
289 patients was available for analysis. The average ARR in this
group was also .70 (95% CI [.63, .77]), maintaining parity with
group A. Here too, relapses were predominantly moderate in
severity (62.9%), indicating a consistent pattern between the 2
groups.

For the 12 months before cladribine initiation, data was
available for 594 patients from group A and 324 from group B.
Group A experienced 635 relapses, resulting in a mean ARR of
1.07 (95% CI [.99, 1.15]). Regarding relapse severity, moderate
relapses were most common, comprising 66.5%. Furthermore,
82.3% of these patients had experienced at least one relapse.
Similarly, 355 relapses were reported in group B over the same
period, leading to an equivalent mean ARR of 1.10 (95% CI
[.98, 1.21]). Here, the proportion of moderate relapses was
slightly higher, at 68.5%. For additional baseline patient

characteristics, see Table 1.

Previous Disease-Modifying Therapy

Regarding group A, the administration of cladribine was pre-
ceded mainly by treatment with one DMT (54.6%, n = 337
more in Table 1). Analysis of the DMT given immediately
before cladribine indicated that most patients (80.7%, n = 498)
had been escalated from a P-DMT, some (15.7%, n = 97) had a
lateral switch, and a few (3.6%, n = 22) were treatment-naive.
The latter were either participants in cladribine clinical trials or
had previously received another study drug, including placebos.
Interferon beta was the most common preceding therapy (n =
222), being the only active substance in 205 of these patients
(92.3%). Glatiramer acetate and fingolimod followed, with the
former being the second most common preceding therapy (n =
140) and the latter being the most used HE-DMT (n = 65)
(Figure 1). The mean duration of all previous DMTs before
cladribine was 57.7 months for P-DMT and 6.7 months for
HE-DMT. The discontinuation of the previous DMT was
primarily due to a lack of efficacy (69.7%) or poor tolerance
(10.3%). No reason was provided in 12.4% of patients. In group
B, the administration of cladribine was preceded by treatment
with one DMT in 186 patients (55.5%), two in 84 (35.1%), and
more than two in 46 patients (13.7 %). Cladribine was primarily
administered as the second DMT, less often as the third, with a

mean of 1.7 previous DMTs (median 1) in both groups. The
maximum number of DMTs preceding cladribine was 6.

Disease Characteristics During Cladribine Treatment

During the initial year of cladribine treatment, a noteworthy
77.9% of the 525 evaluated patients in group A did not ex-
perience any relapses. Of the remaining patients, 17.0% ex-
perienced one relapse, and 5.1% had 2 relapses. Only 2.1%
developed a severe relapse. One patient (representing .2%) had 2
severe relapses within the first year. The average ARR in the first
cladribine year was .28. Moving on to the period 12-24 months,
a slightly higher percentage of patients (81.5% of the evaluated
335 patients, designated as group B) remained relapse-free, with
only 2 severe relapses being reported. When considering the
entire 24-month period, 69.0% of group B had no relapses, a
total of 13.4% experienced 2 relapses and the average ARR was
.25 (95% CI [.21, .29]) (T'able 2). The average ARR at 96 weeks
from the initiation of cladribine treatment was .24 (95% CI [.20,
29]).

EDSS development during the 24 months from the onset of
the cladribine treatment was evaluated in group B. The average
baseline EDSS (known for 334 patients) remained largely
consistent from the start of cladribine therapy up until the end of
the 24-month observation period, with a median of 2.5 and a
mean of 2.9 (as measured in 319 patients) (Table 3).

Out of all involved patients (group A, n = 617), therapy
change to another DMT after initiation of cladribine occurred
in 34 patients (5.5%). These included switches to ocrelizumab
(16 patients), natalizumab (6 patients), alemtuzumab (6 pa-
tients), ofatumumab (1 patient), fingolimod (1 patient), gla-
tiramer acetate (1 patient), and siponimod (3 patients, due to
progression to secondary progressive MS). Apart from the
mentioned progression in 3 patients, 1 case of intolerance and 1
case of elevation of liver tests (only 2 patients switch caused by a
side effects —.3%), the reason for the change in therapy was lack
of efficacy. On average, patients experienced 1.7 relapses
(median 2.0) during cladribine therapy prior to the switch.
These patients initiated cladribine therapy with a mean EDSS
of 3.3 and transitioned to a different DMT after an average
duration of 23.2 months, at which point the mean EDSS score
was 3.9. Noteworthy is the rapid transition to fingolimod after
only 2.6 months, triggered by intolerance to cladribine
(Table 4).

Finally, an analysis of the dates associated with the initiation
of cladribine tablet intake was conducted along with the sub-
sequent treatment cycles (Table 5). The findings suggest ex-
cellent adherence to the therapy, with 92.9% of patients
receiving the second course within a one-week range of the
prescribed date. This adherence is further illustrated in Figure 2,
where it is also evident that the recommended second course of
treatment scheduled for week 5 was adhered to by 88.2% of
patients in week 5 or 6. The compliance range, however, shows a
slight increase in the second year of treatment.
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Table 1. Baseline Characteristics Before Cladribine Initialization.

BASELINE CHARACTERISTICS

Age
Mean (SD) 36.98 (9.53) 36.96 (9.25)
Sex
Female - N (%) 457 (74.07) 251 (74.93)
Male - N (%) 160 (25.93) 84 (25.07)
Weight in kg
Mean (SD) 72.72 (16.45) 71.71 (16.29)
Missing - N (%) 68 (11.02) 37 (11.04)

Disease duration from onset (years)

Mean (SD) 8.40 (6.83) 8.22 (6.72)

Previous therapy with DMT - N (%)

no DMT 22 (3.57) 19 (5.67)

1 DMT 337 (54.62) 186 (55.52)
2 DMTs 180 (29.17) 84 (25.07)
>2 DMTs 78 (12.64) 46 (13.73)

Total duration of all previous DMTs - months

P-DMT - mean (SD) 57.72 (51.95) 54.46 (48.92)

HE-DMT - mean (SD) 6.74 (18.95) 6.24 (18.70)

Total - mean (SD) 64.46 (54.17) 60.71 (51.46)
EDSS

Mean (SD) 2.85 (1.21) 2.85 (1.16)

Median [min—max] 2.50 [0-6.5] 2.50 [0-6.5]

Missing 3 1

Relapses 0-24 months prior

Patients with sufficient monitoring - N (%) 522 (84.60) 289 (86.27)
N of relapses 698 404
ARR .67 .70
95% CI? .62 - .72 .63 - .77
Mild, moderate, severe - % 32.95, 62.75, 3.87 32.43, 62.87, 4.46
Patients with = 2 relapses - N (%) 177 (33.91) 110 (38.06)

Relapses 0-12 months prior

Patients with sufficient monitoring - N (%) 594 (96.27) 324 (96.71)
N of relapses 635 355
ARR 1.07 1.10
95% CI? 99 -1.15 .98 - 1.21
Mild, moderate, severe - % 27.87, 66.46, 5.20 26.2, 68.45, 5.07
Patients with > 1 relapses - N (%) 489 (82.32) 267 (82.41)

DMT = disease-modifying therapy, P-DMT = platform disease-modifying therapy, HE-DMT = high-efficacy disease-modifying therapy, EDSS = Expanded disability status
scale, ARR = annualized relapse rate.
2Normal approximation of the Poisson distribution.
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fingolimod: 65 I

natalizumab: 27 [}

ocrelizumab: 3 — HE-DMT: 97 I
alemtuzumab: 1 —

rituximab: 1

IFN: 222

Mavenclad: 617

P-DMT: 498

GA 140

DMF: 81 I

teriflunomid: 55 I DMT naive: 22 B

Figure 1. Disease modifying therapy prior to oral cladribine, group A (n = 617) HE-DMT = high-efficacy disease-modifying therapy, P-DMT = platform disease-
modifying therapy, IFN = interferons, GA = glatiramer acetate, DMF = dimethyl fumarate.

Table 2. Relapses From the Initiation of Cladribine Therapy (the Data was Exported as of 30 June 2022).

GROUP

0-12 months from the initiation of cladribine therapy

A 525 149 28 .24-33 48.32 43.62 8.05 77.90 16.95 4.19 .95
B 335 95 28 .23-.34 44.21 48.42 7.37 78.81 15.52 4.48 1.19

12-24 months from the initiation of cladribine therapy

B 335 74 22 17-27 52.70 44.59 2.70 81.49 15.52 2.39 .60

0-24 months from the initiation of cladribine therapy

B 335 169 25 .21-29 47.93 46.75 5.33 68.96 17.61 9.55 3.88

ARR = annualized relapse rate.
2Normal approximation of the Poisson distribution.

Table 3. Progression of Expanded Disability Status Scale During Oral Cladribine Treatment in Group B.

EDSS

Median 2.50 2.50 2.50 2.50 2.50
Mean 2.85 2.84 2.87 2.90 2.93
SD 1.16 1.23 1.24 1.31 1.36
Minimum .00 .00 .00 .00 .00
Maximum 6.50 6.50 6.50 7.00 7.00
Number of reported values 334 326 330 324 319

EDSS = Expanded disability status scale.
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Discussion

This comprehensive view from the national ReMuS registry
offers crucial insights into the use of cladribine in real-world
settings where reimbursement criteria, among other factors,
need to be taken into account. These limited the availability
of cladribine as a first-line treatment in the Czech Republic
during the study period, so our patient cohort was not
treatment-naive, with only a few exceptions (3.6%). In most
cases, cladribine was administered as a second-line drug, a

total of 80.7% had been escalated from a P-DMT. During

Table 5. Adherence to Oral Cladribine by Scheduled Treatment Weeks.

TREATMENT

WEEK

1 0 1 617
2 29 5 617
3 365 53 524
4 394 57 511

2 years before cladribine initiation, the average ARR was .67.
Following cladribine initiation, the ARR decreased to .28 in
the first year and .22 in the second year. Overall, across the
entire two-year treatment period, 69.0% of patients were
relapse-free and the average ARR was .25. As for EDSS
development, the median baseline EDSS was 2.5 and re-
mained stable even after 24 months. Another important
aspect of this study is the evaluation of treatment adherence,
which appears to be excellent in real-world practice. Spe-
cifically, 92.9% of patients received the second course within
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609 98.70
496 94.66
477 93.35
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Figure 2. Adherence plot.
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a one-week range of the prescribed date, and the recom-
mended second course of treatment scheduled for week 5 was
adhered to by 88.2% of patients in week 5 or 6.

When contrasted with the patient demographic in the
CLARITY registration study, our analysis finds a similar
average age (37.0 vs 37.9 years) and median baseline EDSS
score (mean 2.9 vs 2.8, median 3.0 vs 2.5). Notably, our group
had a slightly longer disease duration (8.4 vs 7.9 years), and
considerably more patients had undergone at least one prior
DMT treatment (96.4% vs 26.1%). Also, in contrast to our
study, the CLARITY study did not involve patients pre-
treated with HE-DMT's. These differences can be part of an
explanation of a higher ARR value (.24) after 96 weeks from
initiation of cladribine therapy observed in our set compared
to .14 in the CLARITY study. Moreover, ReMuS records all
relapses, whereas CLARITY only considered qualifying
relapses.3 As for EDSS progression, our data is comparable to
those from the CLARITY and CLARITY extension studies.
In those studies, an improvement in their median EDSS was
observed from a baseline value of 3.0 to 2.5 after 5 years of
therapy initiation.>1?

When comparing our results with another real-world study
of 286 patients monitored in the Danish MS registry, we
observed that the ARR a year before cladribine initiation was .67
and that the reduction of ARR after cladribine initiation was
over 80% in both studies. However, this ARR reduction was
slightly higher in the Danish group (ARR of .11 in two years
after cladribine initiation). There are probably 2 reasons for this.
First, in the Danish analysis, the researchers re-baselined the
reference timeframe for ARR evaluation to 3 months later in
order to eliminate relapses caused by the inefficacy of previous
treatment or rebound effect and to avoid evaluating a period
when the cladribine effect was still incomplete. Second, our
patients had higher pre-treatment rates compared to the Danish
study, in which 12.7% of patients were treatment-naive. Despite
a higher ARR following cladribine initiation in our cohort, only
5.5% (.3% caused by side effects) switched to another therapy,
compared to the 11.2% (2.6% due to side effects) in the Danish
study.13 However, at least 7% of patients in our study met the
criteria for residual activity (5.1% had at least two relapses, 2.1%
had a severe relapse) within 12 months of the first adminis-
tration of cladribine and, as non-responders, should have been
considered for conversion to another HE-DMT.**'* And last
but not least, not only our study but also data from the Danish,
Finnish and also Italian real-world studies confirm high EDSS
stability and suggest a higher efficacy of cladribine in treatment-
naive patients.lg”m’17 It is also worth mentioning that an
analysis of Czech and Swedish RRMS cohorts confirmed a
better prognosis for patients in Sweden, where a higher pro-
portion of patients received HE-DMT as initial treatment
(429%).1% Fortunately, with changes in reimbursement criteria in
the Czech Republic, the proportion of patients initiating HE-
DMTs has increased from 2.1% in 2013 to 18.5% in 2021."
The benefits of cladribine use in real-world practice are also

supported by a small cohort study of 90 patients from the
Australian MSBase registry. In an Australian study, approxi-
mately 80% of patients were EDSS progression-free and 65%
remained relapse-free after 2 years after cladribine initiation."’

When evaluating the effectiveness of therapy, we must not
forget about adherence as a key condition for the functioning of
any treatment. Patient registries reflecting the conditions of
real-world practice, not the artificially created controlled con-
ditions of clinical trials, are a key source for these data. In 2009,
World Health Organisation (WHO) found that only 50% of
patients with chronic disease were adherent to their medica-
tions.”° Adherence to the DMTs in MS varies widely between
41% and 93%,?>?? and patients with good adherence to DMT's
have a decreased risk of relapse, a lower frequency of hospital
visits, and an increased quality of life compared to non-adherent
patients.zg"26 One of the many factors playing a role in ad-
herence is therapy-specific attributes.”” In patients with MS, an
adherence rate for the injectable DMT's ranging from 41 to 88%
2! was reported and around 80% for a once- or twice-daily dose
of oral medications.”® The adherence rate of around 90% is
therefore unique in competition with other DMT's and is a great
advantage of cladribine. This is probably mainly due to the very
convenient administration method and the short administration
time. This information is all the more valuable because it comes
from real-world data, not from the artefactual setting of clinical
trials.

However, our study has some limitations, mainly the absence
of MRI data as an objective indicator of disease activity. An-
other limitation is the lack of targeted search for adverse events
and the relatively short follow-up, which is undoubtedly needed
in further studies to confirm long-term efficacy and safety.
Given the relatively small number of non-responders, we also
did not perform an analysis of this subgroup. To uncover the
characteristics of patients who do not have a sufficient response
to cladribine therapy, more extensive data and further studies are
needed.

Conclusion

This nationwide study of patients treated with cladribine
provides valuable insights from clinical practice where condi-
tions differ from those in registration studies. Our study
confirms the efficacy of cladribine in a real-world setting where
most patients are not naive to treatment. Finally, our study
shows extremely high adherence rates, a finding that under-
scores the invaluable role of cladribine, but also the value of
registration studies in capturing real-world clinical practice.

Ethical Statement
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