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ABSTRACT

Introduction: In the Cladribine Tablets Treat-
ing Multiple Sclerosis Orally (CLARITY) study,
cladribine tablets significantly reduced relapse

rates and improved findings on magnetic reso-
nance imaging versus placebo in patients with
relapsing multiple sclerosis. In the CLARITY
Extension study, treatment with cladribine
tablets for 2 years followed by placebo for
2 years produced similar clinical benefits to
4 years of cladribine tablets. The objective of
this exploratory post hoc analysis was to eval-
uate long-term disease stability (assessed by the
Expanded Disability Status Scale [EDSS] score)
after treatment with cladribine tablets.
Methods: Patients enrolled into CLARITY
Extension who were previously randomized to
cladribine tablets 3.5 mg/kg in the CLARITY
study were included in this post hoc analysis.
Two treatment groups were investigated—pa-
tients randomized to cladribine tablets 3.5 mg/
kg in CLARITY and thereafter randomized to
placebo in CLARITY Extension (the CP3.5
group) or to cladribine tablets 3.5 mg/kg in
CLARITY Extension (the CC7 group). In each
treatment group, EDSS scores at 6-month
intervals, EDSS score improvement/worsening
each year, and time to 3- and 6-month con-
firmed EDSS progression were assessed from
CLARITY baseline over 5 years of follow-up
(including a variable bridging interval between
studies). All analyses are descriptive, and no
statistical comparisons were performed for
between-treatment group differences.
Results: The median (95% confidence interval
[CI]) EDSS score for patients in the CP3.5 group
at 5 years was 2.5 (2.0–3.5) compared with 3.0

G. Giovannoni (&)
Blizard Institute, Barts and The London School of
Medicine and Dentistry, Queen Mary University of
London, 4 Newark St, Whitechapel, London E1 2AT,
UK
e-mail: g.giovannoni@qmul.ac.uk

G. Comi
Casa di Cura Privata del Policlinico, Università Vita-
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(2.5–3.5) at baseline. In the CC7 group, median
EDSS score (95% CI) at 5 years was 2.0 (2.0–3.0)
compared with 2.5 (2.5–3.0) at baseline. During
year 5 for the CP3.5 group, and based on
changes in minimum score each year, EDSS
score stability was observed in 53.9% of
patients, improvement in 21.3%, and worsen-
ing in 24.7%. In the CC7 group, EDSS score
remained stable in 66.1%, improved in 18.1%,
and worsened in 15.8% of patients. Over 70% of
patients in both treatment groups did not show
3- or 6-month confirmed EDSS progression at
5 years from CLARITY baseline.
Conclusions: These findings confirm long-term
beneficial effects on disability afforded by either
the recommended dose of cladribine tablets
over 4 years (cumulative dose, 3.5 mg/kg) or a
higher cumulative dose.
Trial Registration: ClinicalTrials.gov NCT0021
3135 (CLARITY); NCT00641537 (CLARITY
Extension).

Keywords: Cladribine tablets; Multiple scle-
rosis; Disease stability; CLARITY; CLARITY
Extension

Key Summary Points

This exploratory post hoc analysis
evaluated long-term disease stability
(assessed by the Expanded Disability
Status Scale [EDSS] score) among patients
with relapsing multiple sclerosis who were
treated with cladribine tablets in the
Cladribine Tablets Treating Multiple
Sclerosis Orally (CLARITY) and CLARITY
Extension studies.

The study population comprised patients
randomized to cladribine tablets 3.5 mg/
kg in CLARITY and thereafter, in CLARITY
Extension, randomized to placebo (the
CP3.5 group) or to cladribine tablets
3.5 mg/kg (the CC7 group).

EDSS score was evaluated in terms of
stability, improvement, or worsening each
year, from CLARITY baseline over 5 years
of follow-up (including a variable bridging
interval between studies).

EDSS score remained stable for up to
5 years post-CLARITY baseline in over
50% of patients treated with cladribine
tablets; the effects were similar in both
patients receiving no further treatment or
addition courses of cladribine tablets in
years 3 and 4 of CLARITY Extension.

The analysis is consistent with long-term
beneficial effects on disability afforded by
treatment with cladribine tablets.

INTRODUCTION

Treatment objectives for patients with relapsing
multiple sclerosis (RMS) include reducing risk of
attacks (relapses) and delaying accrual of neu-
rological impairment [1]. However, it is not
clear how the efficacy observed in randomized
clinical trials for disease-modifying therapies
(DMTs) translates into longer-term treatment
benefits in terms of effects on disability [2, 3].
Confirmed disability worsening, as assessed by
the Expanded Disability Status Scale (EDSS), is
an important endpoint in clinical trials of DMTs
[4–6]. The EDSS ranges from 0 (normal neuro-
logical status) to 10 [death from multiple scle-
rosis (MS)] [7, 8], and can be used to monitor
the time course and rate of worsening disability
in such patients [9–11].

The two-year Cladribine Tablets Treating
Multiple Sclerosis Orally (CLARITY) study
demonstrated that, in patients with RMS,
cladribine tablets 3.5 mg/kg significantly
reduced relapse rates and improved findings on
magnetic resonance imaging versus placebo
[12]. Thereafter, the CLARITY Extension study
concluded that treatment with cladribine
tablets for 2 years followed by treatment with
placebo for 2 years produced similar clinical
benefits to 4 years of cladribine tablets treat-
ment, but with a lower incidence of grade 3/4
lymphopenia [13].

In this exploratory post hoc analysis we fur-
ther evaluated the long-term effects on disabil-
ity, assessed by the EDSS score, in patients with
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RMS who received cladribine tablets 3.5 mg/kg
in the CLARITY [12] and CLARITY Extension
[13] studies. Our aim was to answer an impor-
tant clinical question—at the recommended
cumulative dose of 3.5 mg/kg over 2 years (ad-
ministered as two annual courses, each of
2 weeks and administered 1 month apart), what
is the long-term effect of cladribine tablets on
disability over 4 years or more? To do so, we
evaluated patients who received cladribine
tablets 3.5 mg/kg only during CLARITY [12] and
those who received cladribine tablets 3.5 mg/kg
during both CLARITY [12] and CLARITY
Extension [13].

METHODS

The design and primary results of the CLARITY
(NCT00213135) and CLARITY Extension
(NCT00641537) studies, including efficacy and
safety, have been reported previously [12–14].
Briefly, patients with RMS who were on placebo
in CLARITY were assigned to cladribine tablets
3.5 mg/kg in CLARITY Extension (with blind
maintained) while patients receiving any dose
of cladribine tablets in CLARITY were re-ran-
domized (2:1) to cladribine 3.5 mg/kg or pla-
cebo in the extension phase.

Patients enrolled into CLARITY Extension
who were previously randomized to cladribine
tablets 3.5 mg/kg in CLARITY were included in
this post hoc analysis. Two treatment groups
were investigated—patients randomized to
cladribine tablets 3.5 mg/kg in CLARITY and
thereafter randomized to placebo in CLARITY
Extension (hereafter referred to as the CP3.5
group) or to cladribine tablets 3.5 mg/kg in
CLARITY Extension (referred to as the CC7
group; Fig. 1). Given the 2:1 re-randomization
for CLARITY Extension after 1:1:1 randomiza-
tion schedule for CLARITY, there was an
imbalance in group sizes for the CP3.5 and CC7
groups. Patients enrolled in CLARITY Extension
who received higher doses of cladribine tablets
(5.25 mg/kg) or placebo in CLARITY were not
included in this analysis, in view of the research
question outlined above.

For logistical reasons, there was a variable
bridging interval before patients entered the

extension phase after completing CLARITY; no
cladribine tablets were administered during this
interval. Among the overall study population,
the length of time between completion of
CLARITY and entry to CLARITY Extension var-
ied from 0.1 to 118 weeks (median, 40.3 weeks)
[13].

In CLARITY and CLARITY Extension, neu-
rological examinations were conducted, and
EDSS score determined, during the pre-study
evaluation, on the first day of the study, and at
weeks 13, 24, 36, 48, 60, 72, 84, and 96 of the
corresponding double-blind treatment periods.
No EDSS scores were retrospectively collected
for the bridging interval between CLARITY and
CLARITY Extension. Patients were permitted to
receive interferon beta or glatiramer acetate
during the bridging interval, but discontinued
any DMT at least 3 months before the first study
day of CLARITY Extension.

Endpoints

We undertook two different and complemen-
tary approaches to analysing EDSS changes over
five chronological years from CLARITY baseline:
an unconfirmed approach which compared the
minimum EDSS score in each year with the
baseline EDSS score, and a confirmed EDSS
progression approach using time to either 3- or
6-month confirmed EDSS progression. In the
unconfirmed approach, EDSS score improve-
ment or worsening was defined as any decrease
or increase in minimum score in each year,
respectively, depending on EDSS at baseline (at
least 1.5 points, if baseline EDSS score = 0; at
least 1 point, if baseline EDSS score B 4.5; and
at least 0.5 points, if baseline EDSS score C 5).
All other cases were classified as stable.

Compliance with Ethics Guidelines

The CLARITY and CLARITY Extension studies
were approved by local ethical review boards
and were conducted in accordance with the
principles of Good Clinical Practice and the
Declaration of Helsinki. All patients provided
written informed consent to participate.
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Statistical Analysis

This was an exploratory post hoc analysis in
which EDSS score over time was descriptively
analysed (median with 95% confidence interval
[CI], mean, interquartile range, minimum, and
maximum) at 6-month intervals. The propor-
tion of patients with improvement, worsening,
and stability of EDSS score over 12 months is
also presented (n, %). Three- and 6-month
confirmed EDSS progression from CLARITY
entry are presented by means of Kaplan–Meier
plots. As a result of the uncontrolled bridging
period and the 2:1 re-randomization at the
beginning of CLARITY Extension, no inferential
statistical analyses were performed to compare
treatment groups.

RESULTS

Of the 1326 patients in CLARITY, 806 (60.8%)
patients followed on into CLARITY Extension.
Demographics and clinical characteristics at
baseline of CLARITY and CLARITY Extension
for patients in the CP3.5 group (n = 98) and the
CC7 group (n = 186) are shown in Table 1. No
patients in either group received additional
DMTs in the 3 months before randomization to
treatment in CLARITY Extension, and only two
patients, both in the CP3.5 group, received
DMTs at any time in the bridging interval
between studies. Another DMT was started not
because of worsening but because the patient or
physician felt that it was best that the patient
was receiving a DMT during this time. Demo-
graphics and clinical characteristics (including
median EDSS at baseline) were comparable
between groups, and the median intervals

Fig. 1 CLARITY/CLARITY Extension study treatment
arms under analysis. The dashed line signifies that there
was a delay in transitioning to CLARITY Extension for
some patients, i.e. those who had already completed
CLARITY prior to the sponsor initiating the CLARITY
Extension study. This variable bridging interval ranged
from 0.1 to 118 (median, 40.3) weeks. The difference in

group sizes is an artefact of the re-randomization schedule,
in that patients who received cladribine tablets in
CLARITY were re-randomized (2:1) to cladribine tablets
3.5 mg/kg or placebo in CLARITY Extension. Conse-
quently, the CC7 group contained twice as many patients
as the CP3.5 group
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between studies were similar (41.3 weeks for the
CP3.5 group and 41.4 weeks for the CC7 group).

EDSS Over Time

EDSS scores at 6-month intervals over 5 years in
each treatment group are shown in Fig. 2. Five
years after CLARITY baseline, including the
variable bridging interval, median EDSS score
remained stable compared with baseline values
for both the CP3.5 and CC7 groups. The median
EDSS score remained between 2.0 and 3.0 up to

5 years in the CP3.5 group; mean [standard
deviation (SD)] EDSS score at 5 years was 3.05
(1.64) and mean change from CLARITY baseline
was 0.03 (0.98). In the CC7 group, median EDSS
score ranged between 2.0 and 2.5 up to 5 years;
mean (SD) EDSS at this time point was 2.63
(1.5), and mean change from CLARITY baseline
was 0.08 (0.98).

The median (95% CI) EDSS score for patients
in the CP3.5 group at year 5 (n = 69) was 2.5
(2.0–3.5) compared with 3.0 (2.5–3.5) at base-
line. In the CC7 group, median EDSS score (95%

Table 1 Characteristics of patients included in the analysis at baseline of CLARITY and CLARITY Extension

Parameter CP3.5 (n = 98) CC7 (n = 186)

CLARITY
baseline

CLARITY
Extension
baseline

CLARITY
baseline

CLARITY
Extension
baseline

Mean age, years (SD) 38.1 (10.6) 40.7 (10.7) 37.9 (10.4) 40.6 (10.5)

Previously used DMT before randomization in

CLARITY, n (%)

18 (18.4) – 43 (23.1) –

DMT use between CLARITY and Extension, n (%) – 2 (2.0) – 0

Prior DMT within 3 months of Extension study

day 1, n (%)

– 0 – 0

Relapses in 12 months prior to CLARITY, n (%)

0 0 (0) – 0 (0) –

1 69 (70.4) – 135 (72.6) –

2 20 (20.4) – 44 (23.7) –

C 3 9 (9.2) – 7 (3.8) –

Patients reporting at least one relapse between

CLARITY and Extension,a n (%)

– 9 (9.2) – 17 (9.1)

EDSS at baseline

Median 3.0 2.5 2.5 2.5

Interquartile range 2.0–4.0 2.0–4.0 2.0–3.5 1.5–4.0

Min; max 0.0; 5.5 0.0; 6.5 0.0; 6.0 0.0; 6.5

67 (68.4%) patients in the CP3.5 group and 124 (66.7%) in the CC7 group were female
CC7 patients randomized to cladribine tablets 3.5 mg/kg in both CLARITY and CLARITY Extension, CP3.5 patients
randomized to cladribine tablets 3.5 mg/kg in CLARITY and placebo in CLARITY Extension, DMT disease-modifying
therapy, EDSS Expanded Disability Status Scale, SD standard deviation
a Relapses during the bridging interval were not qualified by an evaluating physician
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CI) at year 5 (n = 126) was 2.0 (2.0–3.0) com-
pared with 2.5 (2.5–3.0) at baseline.

Annual EDSS Stability

In the CP3.5 group, in each yearly period, EDSS
score was stable in 53.9–76.5% of patients,
improved in 21.3–29.6%, and worsened in
0–24.7% (Fig. 3). In the CC7 group, in each
yearly period, EDSS score was stable in
65.4–81.7% of patients, improved in
16.7–20.3%, and worsened in 1.6–15.8%.

During year 5, EDSS score stability was
observed in 48 (53.9%) patients, improvement
in 19 (21.3%), and worsening in 22 (24.7%) in
the CP3.5 group (n = 89). In the corresponding
CC7 group during year 5 (n = 171), EDSS score
remained stable in 113 patients (66.1%),
improved in 31 (18.1%), and worsened in 27
(15.8%).

Time to 3-month or 6-month Confirmed
EDSS Progression

In both the CP3.5 and CC7 groups, less than
31% and 27% of patients, respectively, reached
3-month confirmed EDSS progression by year 5
(Fig. 4). A similar pattern was observed with
time to 6-month confirmed EDSS progression,
with less than 30% of patients having con-
firmed 6-month confirmed EDSS progression by
year 5 in both the CP3.5 and CC7 groups
(Fig. 4).

DISCUSSION

With the present availability of a large number
of DMTs for RMS, efficacy, particularly the
ability of DMTs to reduce the risk of relapses
and disability worsening [15–17], has a key role
in treatment choices. Disability accumulation
in MS may occur as a progression independent
of relapses activity (PIRA) or in association with
relapses [18, 19]. Analyses such as that reported

Fig. 2 EDSS scores over time in the CP3.5 and CC7
patient groups. Line = Median, Circles = Mean, Box =
Q1, Q3. Lower and upper whiskers reflect the minimum
and maximum EDSS score. CC7, patients randomized to
cladribine tablets 3.5 mg/kg in both CLARITY and

CLARITY Extension; CP3.5, patients randomized to
cladribine tablets 3.5 mg/kg in CLARITY and placebo in
CLARITY Extension; EDSS, Expanded Disability Status
Scale. Reprinted with permission from ePresentation
Sessions. Eur J Neurol 2020;27(Suppl. 1):468
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here can therefore provide additional informa-
tion that is relevant to both patients and
physicians when considering treatment
options, including the question of the length of

time before patients may require additional
treatment. This is particularly true for DMTs
with a pronounced and long-lasting effect on
the immune system. Indeed, a clear

Fig. 3 Change in EDSS score in each 12-month period up
to 5 years in the CP3.5 and CC7 patient groups.
Improvement, worsening, and stability of EDSS score over
12 months were descriptively analysed using the minimum
EDSS score for each 12-month period. CC7, patients
randomized to cladribine tablets 3.5 mg/kg in both

CLARITY and CLARITY Extension; CP3.5, patients
randomized to cladribine tablets 3.5 mg/kg in CLARITY
and placebo in CLARITY Extension; EDSS, Expanded
Disability Status Scale. Reprinted with permission from
ePresentation Sessions. Eur J Neurol 2020;27(Suppl.
1):468

Fig. 4 Time to 3- and 6-month confirmed EDSS
worsening from CLARITY entry in the CP3.5 and CC7
patient groups. CC7, patients randomized to cladribine
tablets 3.5 mg/kg in both CLARITY and CLARITY

Extension; CP3.5, patients randomized to cladribine
tablets 3.5 mg/kg in CLARITY and placebo in CLARITY
Extension; EDSS, Expanded Disability Status Scale

Adv Ther (2021) 38:4975–4985 4981



understanding of treatment benefits and risks
by the patient is fundamental to shared deci-
sion-making, and it has been reported that this
understanding can be improved by appropriate
communication of treatment effects, in partic-
ular describing anticipated changes in absolute
terms in conjunction with baseline information
[17].

Avoiding a cumulative increase in patient
disability is a key aim of treatment for MS [1].
Information on the proportion of patients with
stabilization of disability (and improvement, if
possible) at time periods from initiation of
treatment, as reported here, may therefore be
valuable for physicians to discuss with patients.
This post hoc analysis suggests that for up to
5 years after initiation of treatment with
cladribine tablets, approximately two out of
three patients had a stable or improved EDSS
score (in contrast, in untreated patients, EDSS
score would be expected to increase over this
time [10]). Of particular note is that there were
few differences in the proportion of patients
with stable EDSS score out to year 5 between
patients treated with cladribine tablets only in
years 1 and 2 (CP3.5 group) and those who
received four annual courses (CC7 group). Such
findings confirm the long-term effect of
cladribine tablets on disability at the recom-
mended dose of 3.5 mg/kg over 2 years, without
the need for additional treatment in years 3 and
4. Notably, less than 31% of patients treated
with the recommended dose of 3.5 mg/kg over
2 years had confirmed EDSS progression by the
end of year 5.

A key question with the use of proposed
immune reconstitution therapies such as
cladribine tablets is how to monitor and provide
further treatment to patients, if required, after
the initial course of treatment. While there was
little difference in EDSS outcomes in patients
receiving two courses of cladribine tablets ver-
sus those receiving four courses, it is important
to consider that some differences were observed
in neurological endpoints in CLARITY Exten-
sion. These differences were primarily due to T1
gadolinium-enhancing lesions occurring in a
small subset of patients who were randomized
to placebo after two courses of cladribine tablets
and in those patients with the maximum time

since the CLARITY study. An expert opinion
using Delphi methodology has suggested that
patients with new or reappearing disease activ-
ity after year 4 could consider either additional
courses of cladribine tablets or a switch to
another high-efficacy therapy, following dis-
cussion with their physician [20].

Increasing evidence suggests that treatment
with cladribine tablets is associated with a long-
term reduction of memory B cells that persists
after overall lymphocyte counts have recovered
from the initial reduction, which occurs 2–-
3 months after the beginning of each treatment
course [21–23]. There appears to be no change
in the risk of infections outside of the periods of
when total lymphocyte count is reduced, sug-
gesting that the sustained clinical effect is not
associated with the potential risks associated
with immunosuppression [13, 24].

Some caveats and limitations to this
exploratory analysis should be acknowledged.
First, comparison of the two treatment groups
was not an objective of the analysis. Second,
differences in the size of the two groups intro-
duced by 2:1 re-randomization in the extension
study were limitations to interpretation of
results. Timing of re-randomization was not
standardized because of the variable bridging
interval, and perception of patients at time of
re-randomization can influence reporting.
Third, data at 5-year follow-up were only avail-
able for 70% (69/98) of patients in the CP3.5
group and 68% (126/186) in the CC7 group; as
such, data for up to approximately 30% of
patients whose EDSS score is shown for
CLARITY are not represented in the values at
the end of CLARITY Extension. However, loss to
follow-up and missing data are common chal-
lenges in the extension phases of clinical trials.
We used the lowest (minimum) EDSS score
obtained in any year of the study for the pur-
poses of comparing EDSS score to baseline. An
alternative approach would be to use the highest
EDSS value in each year. However, while EDSS
scores assessed within 30 days of relapse onset
were excluded from the current analysis, the
longer-term effect of relapses on EDSS could not
be excluded. As such, findings for 3- or 6-month
confirmed EDSS progression were also explored.
The effect of treatments used in the bridging
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interval between CLARITY and CLARITY
Extension were not analysed. However, only
two patients in the CP3.5 group received DMTs
at any time in the bridging interval, and no
patients in either group received additional
DMTs in the 3 months before randomization to
treatment in CLARITY Extension, so this is
unlikely to have had an effect on the outcomes
observed. Finally, for patients re-randomized to
cladribine tablets 3.5 mg/kg in CLARITY Exten-
sion, the period of follow-up exposed to the
treatment was quite variable because of the
variability of the bridging interval.

CONCLUSIONS

EDSS score remained stable for up to 5 years
post-CLARITY baseline in over 50% of patients
treated with cladribine tablets. The effects were
similar in both patients receiving no further
treatment or addition courses of cladribine
tablets in years 3 and 4 of CLARITY Extension.
Over 70% of patients did not show any con-
firmed disability worsening during the entire
follow-up, and a similar value was also observed
in patients who received treatment with
cladribine tablets during the CLARITY study
only. These findings attest to the long-term
disease stability afforded by either the recom-
mended cumulative dose of cladribine tablets
over 4 years (3.5 mg/kg) or a higher cumulative
dose, using a disability endpoint (EDSS) of par-
ticular importance to patients.
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