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Introduction
The clinical course of patients with relapsing-remit-
ting multiple sclerosis (MS) is characterised by 
relapses – acute or subacute focal neurological deficits 
that persist for 24 hours or more – interspersed by peri-
ods of remission with partial or complete recovery.1 
Relapses, as well as magnetic resonance imaging 
(MRI) lesion load, are the main clinical outcomes for 
evaluating disease activity, and are frequently used to 
assess the efficacy of disease-modifying therapy 
(DMT) in the treatment of MS.

Relapses have an independent and significant impact 
on disease worsening in patients with MS.2 Indeed, 
early relapses are associated with neurological disa-
bility in the short term,3 while relapses within the first 
5 years of the disease have been associated with 
increased risk of disease progression.4 Some relapses 
may be sufficiently severe to require management 
with steroids and/or hospitalisation and are, therefore, 
associated with an increased negative impact on 
patients and an increased cost burden to both the 
patient and the healthcare system.5–7 Moreover, high 
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relapse rates are associated with depression, a 
decrease in patients’ quality of life and a reduction in 
the physical and mental well-being of patients.8,9 
Therefore, an important management goal is to pre-
vent or reduce relapse activity – in terms of frequency 
and severity – in patients with MS.

Cladribine tablets 10 mg (3.5 mg/kg cumulative dose 
over 2 years; referred to as cladribine tablets 3.5 mg/
kg) are indicated for the treatment of patients with MS 
in the European Union (highly active relapsing MS), 
United States (relapsing forms of MS, including 
relapsing-remitting disease and active secondary pro-
gressive disease, in adults) and many other countries 
around the world.10,11 No further treatment with clad-
ribine tablets 3.5 mg/kg is required in the 2 years fol-
lowing the initial treatment period. In the CLARITY 
(CLAdRIbine Tablets treating multiple sclerosis 
orallY) study, patients who received cladribine tablets 
3.5 mg/kg had a significantly reduced annualised 
relapse rate (ARR) versus placebo and a higher pro-
portion remained relapse-free at the end of CLARITY, 
an effect that was sustained in CLARITY Extension, 
even without further treatment.12,13 This post hoc 

analysis evaluated the effect of cladribine tablets 
3.5 mg/kg on the frequency and severity of relapses in 
the CLARITY study, as well as the sustainability of 
effect, without further treatment, in patients who 
received placebo in CLARITY Extension after treat-
ment with cladribine tablets 3.5 mg/kg in CLARITY.

Methods

Study design
The CLARITY and CLARITY Extension trials have 
been described previously.12,13 The study design for 
both trials is shown in Figure 1. In CLARITY, patients 
with relapsing-remitting MS were randomised to pla-
cebo, cladribine tablets 3.5 mg/kg, or cladribine tablets 
5.25 mg/kg over 2 years. Cladribine tablets 5.25 mg/kg 
are not approved for use; therefore, these data are not 
discussed here. Patients who received placebo in 
CLARITY and entered CLARITY Extension for a fur-
ther 2 years were reassigned to cladribine tablets 
3.5 mg/kg in a blinded manner. Those who were origi-
nally randomised to cladribine tablets 3.5 or 5.25 mg/

Figure 1. CLARITY and CLARITY Extension study design.
Adapted from the study by Giovannoni et al.13

*Cladribine tablets 3.5 mg/kg over 2 years is the only approved dose.
†Patients were re-assigned to cladribine tablets 3.5 mg/kg upon entry to CLARITY Extension.
‡Patients were re-randomised upon entry to CLARITY Extension.
CP 3.5 mg/kg: cladribine tablets 3.5 mg/kg in CLARITY followed by placebo in CLARITY Extension; CP 5.25 mg/kg: cladribine 
tablets 5.25 mg/kg in CLARITY followed by placebo in CLARITY Extension; CC 7 mg/kg: cladribine tablets 3.5 mg/kg in CLARITY 
followed by cladribine tablets 3.5 mg/kg in CLARITY Extension; CC 8.75 mg/kg: cladribine tablets 5.25 mg/kg in CLARITY followed 
by cladribine tablets 3.5 mg/kg in CLARITY Extension; PC 3.5 mg/kg: placebo in CLARITY followed by cladribine tablets 3.5 mg/kg in 
CLARITY Extension; SUPF: supplemental follow-up.
n: numbers are representative of the intention-to-treat population.
Treatment groups shown in coloured and bolded text were analysed in this study.
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kg in CLARITY were re-randomised in a blinded 
manner to either cladribine tablets 3.5 mg/kg or pla-
cebo in CLARITY Extension. In this report, Years 1 
and 2 refer to CLARITY and Years 3 and 4 refer to 
CLARITY Extension. Each study year covered a 
48-week period. After the completion of CLARITY in 
Year 2, there was a bridging interval of variable length 
(median duration: 40.3 weeks) before patients entered 
CLARITY Extension in Year 3.13 A supplemental fol-
low-up period occurred after Year 4. Patients ran-
domised to cladribine tablets 3.5 mg/kg in CLARITY 
received 1.75 mg/kg per year in Years 1 and 2, given as 
two short courses in the first 2 months of each year.12

The CLARITY and CLARITY Extension studies 
were conducted in accordance with the World Medical 
Association Declaration of Helsinki, the International 
Conference on Harmonisation/Good Clinical Practice 
(GCP) Guidelines and local regulations. Study proto-
cols were approved by the health authorities and rel-
evant independent health committees or institutional 
review boards, according to country-specific laws. 
All patients provided written informed consent.

Endpoints
In this post hoc analysis, the frequency and severity of 
relapses were evaluated in patients who received either 
placebo or cladribine tablets 3.5 mg/kg in CLARITY, 
and those who received placebo in CLARITY 
Extension after treatment with cladribine tablets 
3.5 mg/kg in CLARITY (hereafter referred to as the 
CP 3.5 mg/kg group). Both qualifying and all relapses 
were evaluated. Qualifying relapses were defined as a 
two-point increase in one or more Kurtzke Functional 
Systems scores (KFS) or a one-point increase in two 
or more KFS scores (excluding changes in bowel or 
bladder function, or cognition) in the absence of fever 
lasting for at least 24 hours, and preceded by at least 
30 days of clinical stability or improvement. Qualifying 
relapses were adjudicated by an independent evaluat-
ing physician who was blinded to patient randomisa-
tion status. All relapses included both qualifying and 
non-qualifying relapses (i.e. relapses reported by the 
evaluating physician but not confirmed as meeting the 
‘qualifying’ criteria). Severe relapses were arbitrarily 
defined as relapses that required either treatment with 
steroids or hospitalisation.

Statistical analyses
All efficacy analyses presented in this study were post 
hoc and did not adjust for lack of pre-specification or 
multiple testing; all p-values can, therefore, be inter-
preted in the exploratory sense only. Analyses were 

performed in the intention-to-treat population for the 
cladribine tablets 3.5 mg/kg or placebo groups in 
CLARITY, and the CP 3.5 mg/kg group in CLARITY 
Extension.

ARRs at 24 weeks (Month 6), 48 weeks (Year 1) and 
96 weeks (Year 2) in CLARITY were estimated using 
a Poisson regression model with relapse count as a 
dependent variable, treatment group as a fixed effect 
and log of time under observation (in days) as the off-
set variable. Furthermore, the model for the 2-year 
time point was repeated and adjusted with one alter-
nating covariate (fixed effect) each time. Covariates 
used for this model included: age at time of MS diag-
nosis (continuous), prior number of DMTs (categori-
cal (0, ⩾1)), disease duration (continuous), gender 
(categorical) and age at baseline (continuous). In 
addition, models with treatment-by-covariate interac-
tion were performed at Year 2 for the CLARITY 
study. For models including interaction, type III effect 
using Wald statistic was presented.

Comparisons between outcomes in CLARITY and 
the CP 3.5 mg/kg group in CLARITY Extension are 
descriptive.

Data availability
Any requests for data by qualified scientific and medi-
cal researchers for legitimate research purposes will be 
subject to Merck KGaA’s Data Sharing Policy. All 
requests should be submitted in writing to Merck 
KGaA’s data sharing portal https://www.merckgroup.
com/en/research/our-approach-to-research-and-devel-
opment/healthcare/clinical-trials/commitment-respon-
sible-data-sharing.html. When Merck KGaA has a 
co-research, co-development, or co-marketing or co-
promotion agreement, or when the product has been 
out-licensed, the responsibility for disclosure might be 
dependent on the agreement between parties. Under 
these circumstances, Merck KGaA will endeavour to 
gain agreement to share data in response to requests.

Results

Patients
In CLARITY, the intention-to-treat population con-
tained 437 patients who received placebo and 433 
patients who received cladribine tablets 3.5 mg/kg; in 
CLARITY Extension, 98 patients who had received 
cladribine tablets 3.5 mg/kg in CLARITY entered the 
CP 3.5 mg/kg group. At CLARITY baseline, patient 
demographics and disease characteristics were 
broadly similar in the placebo and cladribine tablets 
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3.5 mg/kg groups, as well as in the subgroup of 
patients who entered the CP 3.5 mg/kg group in 
CLARITY Extension (with the exception of disease 
duration and previous DMT; Table 1).

Relative risk (RR) of relapse at Month 6, Year 
1 and Year 2 in the cladribine tablets 3.5 mg/kg 
group versus placebo group in CLARITY
Patients in the cladribine tablets 3.5 mg/kg group had 
a significantly lower risk of qualifying or all relapses 
at Month 6, end of Year 1 and end of Year 2 compared 
with placebo (all p < 0.0001; Figure 2). Compared 
with patients receiving placebo, the RR of relapse 
with cladribine tablets 3.5 mg/kg was similar for both 
qualifying and all relapses (0.42 and 0.31 after 2 years, 
respectively).

Influence of covariates
In CLARITY, age at time of diagnosis, age at baseline 
and prior use of DMT showed a significant covariate 
effect (all p < 0.05, Wald statistic from Poisson model) 
on the estimation of ARR for qualifying and all 
relapses (Supplementary Table 1). However, no inter-
action with treatment was observed (all p > 0.05), 
indicating that the treatment effect of cladribine tablets 

3.5 mg/kg was independent of these covariates. There 
was no statistically significant effect for gender and 
disease duration on the ARRs for qualifying and all 
relapses (all p > 0.05).

RR of severe relapse in CLARITY
Patients in the cladribine tablets 3.5 mg/kg group had 
a significantly reduced risk of relapses (qualifying or 
all) requiring steroid treatment or leading to hospitali-
sation versus placebo at all time points (Table 2).

CLARITY and CLARITY Extension relapses
For qualifying or all relapses requiring steroid treat-
ment or leading to hospitalisation, the ARR at Year 2 
was lower for cladribine tablets 3.5 mg/kg than for 
placebo (Figure 3). At Year 2, the respective RRs of 
relapse with cladribine tablets 3.5 mg/kg versus pla-
cebo were 0.41 (95% confidence interval (CI): 0.32; 
0.53) and 0.38 (95% CI: 0.31; 0.46) for those requir-
ing steroid treatment, and 0.41 (95% CI: 0.29; 0.57) 
and 0.37 (95% CI: 0.29; 0.48) for qualifying and all 
relapses leading to hospitalisation (Table 2).

The reduction in ARR observed for qualifying or all 
relapses in the cladribine tablets 3.5 mg/kg group at 

Table 1. Baseline demographics and disease characteristics in CLARITY (placebo and cladribine tablets 3.5 mg/kg) and 
CLARITY Extension (CP 3.5 mg/kg).

CLARITY CLARITY 
Extension

 Placebo 
(n = 437)

Cladribine 
tablets 3.5 mg/kg 
(n = 433)

CP 3.5 mg/kg 
(n = 98)

Mean age, years 38.7 ± 9.9 37.9 ± 10.3 38.1 ± 10.6

Female, n (%) 288 (65.9) 298 (68.8) 67 (68.4)

Mean disease duration,a years 5.18 ± 5.45 4.68 ± 5.51 3.86 ± 4.68

Previous disease-modifying therapy, n (%) 132 (30.2) 110 (25.4) 18 (18.4)

Mean age at time of diagnosis, years 33.6 ± 9.6 33.3 ± 9.7 34.3 ± 10.2

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

 0 0 0 0

 1 306 (70.0) 302 (69.7) 69 (70.4)

 2 110 (25.2) 106 (24.5) 20 (20.4)

 ⩾3 21 (4.8) 25 (5.8) 9 (9.2)

Median EDSS score at baseline (Min; Max) 3.00 (0.0; 5.5) 2.50 (0.0; 6.0) 3.00 (0.0; 5.5)

Mean number of T1 Gd+ lesions at baseline 0.8 ± 2.1 1.0 ± 2.7 1.2 ± 2.6
Mean number of T2 lesions at baseline 27.4 ± 17.7 25.3 ± 16.3 28.4 ± 20.8

CP: cladribine tablets in CLARITY and placebo in CLARITY Extension; CT: cladribine tablets; EDSS: Expanded Disability Status 
Scale; Gd+: gadolinium-enhancing; n: number of patients.
Data are mean ± SD, unless otherwise stated. Baseline is defined as the start of CLARITY.
aTime since diagnosis.
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Year 2 in CLARITY was sustained in the CP 3.5 mg/
kg group at Year 4 in CLARITY Extension (Figure 3). 
This effect was also seen with qualifying or all relapses 
requiring steroid treatment or leading to hospitalisa-
tion. With regard to qualifying and all relapses in 
CLARITY Extension, by Year 4, 84.7% and 73.5% of 
patients in the CP 3.5 mg/kg group had zero relapses, 
86.7% and 78.6% had zero relapses requiring steroid 
treatment and 93.9% and 87.8% had zero relapses 
leading to hospitalisation, respectively (Table 3).

Safety
The overall safety findings for patients in all treat-
ment groups from CLARITY and CLARITY 

Extension, as well as a more recent safety report on 
the entire clinical development programme (including 
the final PREMIERE data), have previously been 
published.12–15 The percentage of patients who had at 
least one treatment-emergent adverse event during 
CLARITY was comparable between the cladribine-
treated patients who did and did not receive steroids 
concomitantly (84.5% and 81.6%, respectively). 
Blood and lymphatic system disorders were reported 
in a comparable percentage of cladribine-treated 
patients who did and did not receive steroids (33.1% 
and 30.1%, respectively). The percentages of patients 
who presented with at least one incidence of infection 
were comparable between cladribine-treated and pla-
cebo-treated patients who received concomitant ster-
oids (51.5% and 50.7%, respectively).

Figure 2. Relapse rates at Month 6, Year 1 and Year 2 for patients treated with cladribine tablets 3.5 mg/kg versus 
placebo in CLARITY.
RR: relative risk; CI: confidence interval.
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Discussion
This post hoc analysis aimed to provide more infor-
mation on the frequency and severity of relapses 
experienced by patients in the CLARITY and 
CLARITY Extension studies including, for the first 
time, information on all relapses. The results showed 
that cladribine tablets 3.5 mg/kg reduced relapses ver-
sus placebo at all time points (Month 6, Year 1 and 
Year 2), regardless of relapse type and severity. These 
results build upon the original findings of CLARITY 
by highlighting that cladribine tablets 3.5 mg/kg were 
efficacious against qualifying and all relapses as seen 
at the first observation time point of 6 months after 
administration of the first dose, and maintained until 
the end of the study.12 The data also add to a 

preliminary analysis from the CLARITY study that 
showed a separation of cladribine tablets 3.5 mg/kg 
and placebo with respect to qualifying ARR as early 
as 4 weeks after the first treatment course.16 Cladribine 
tablets 3.5 mg/kg significantly reduced the numbers 
of both qualifying and all relapses versus placebo in 
CLARITY, even after adjusting for potential 
confounders.

The CLARITY study was one of the first studies of a 
DMT in relapsing-remitting MS to apply the concept 
of qualified relapses, which uses specific criteria 
rather than the neurologist’s discretion to define 
relapse occurrence.12 Updates to the diagnostic crite-
ria for MS, along with the increasing numbers of 

Table 2. ARR and relative risk of severea relapses at Month 6, Year 1 and Year 2 in patients treated with cladribine 
tablets 3.5 mg/kg versus placebo in CLARITY.

Time Relapses requiring:

Steroid treatment Hospitalisation

Placebo Cladribine tablets 
3.5 mg/kg

Placebo Cladribine tablets 
3.5 mg/kg

Qualifying relapses

Month 6

 ARR (95% CI) 0.38 (0.30; 0.48) 0.15 (0.11; 0.22) 0.23 (0.17; 0.31) 0.10 (0.06; 0.16)

 RR (95% CI) – 0.40 (0.26; 0.61) – 0.43 (0.25; 0.74)

 p-value – <0.0001 – 0.0024

Year 1

 ARR (95% CI) 0.32 (0.27; 0.39) 0.15 (0.11; 0.19) 0.18 (0.14; 0.22) 0.08 (0.06; 0.12)

 RR (95% CI) – 0.45 (0.33; 0.62) – 0.46 (0.30; 0.70)

 p-value – <0.0001 – 0.0004

Year 2

 ARR (95% CI) 0.28 (0.25; 0.32) 0.12 (0.09; 0.14) 0.16 (0.13; 0.19) 0.06 (0.05; 0.09)

 RR (95% CI) – 0.41 (0.32; 0.53) – 0.41 (0.29; 0.57)

 p-value – <0.0001 – <0.0001

All relapses

Month 6

 ARR (95% CI) 0.61 (0.51; 0.73) 0.26 (0.20; 0.35) 0.35 (0.27; 0.44) 0.15 (0.11; 0.22)

 RR (95% CI) – 0.43 (0.31; 0.60) – 0.44 (0.29; 0.68)

 p-value – <0.0001 – 0.0002

Year 1

 ARR (95% CI) 0.55 (0.48; 0.63) 0.23 (0.19; 0.28) 0.30 (0.25; 0.36) 0.13 (0.09; 0.17)

 RR (95% CI) – 0.41 (0.32; 0.53) – 0.42 (0.30; 0.59)

 p-value – <0.0001 – <0.0001

Year 2

 ARR (95% CI) 0.50 (0.45; 0.55) 0.19 (0.16; 0.22) 0.27 (0.24; 0.31) 0.10 (0.08; 0.13)

 RR (95% CI) – 0.38 (0.31; 0.46) – 0.37 (0.29; 0.48)
 p-value – <0.0001 – <0.0001

ARR: annualised relapse rate; CI: confidence interval; RR: relative risk.
The p-values indicate statistical differences between the cladribine tablets 3.5 mg/kg and placebo groups.
aResulting in need for steroid treatment or hospitalisation.
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treatments available to patients, have resulted in 
changes in the characteristics of relapsing-remitting 
MS trial populations over time and higher ARRs in 
treatment groups from historical trials compared to 
subsequent modern-day trials.17,18 The strict qualify-
ing relapse criteria in CLARITY accounted for rela-
tively low on-study qualifying relapse rates in the 
placebo arm, while the corresponding all relapse rates 
were approximately 80% higher. Treatment with clad-
ribine tablets 3.5 mg/kg was associated with a similar 

magnitude of reduction in ARR for both qualifying 
and all relapses.

Relapses requiring steroids are often used as a proxy 
of relapse severity, with therapy involving high-dose 
oral or intravenous glucocorticoids, with or without 
an oral taper.19–21 In addition, relapses requiring hos-
pitalisation can be used as a proxy for relapses of 
greater severity.7 In the current analysis, treatment 
with cladribine tablets 3.5 mg/kg reduced ARRs for 

Figure 3. Annualised relapse rates for overall and severe relapses (requiring steroid treatment or leading to 
hospitalisation) at Study Year 2 in CLARITY and Study Year 4 in CLARITY Extension (CP.3.5 mg/kg group only).
The overall ARRs for qualifying relapses differ slightly from those published in the studies by Giovannoni et al.12 (CT 3.5 mg/kg ARR 
(95% CI): 0.14 (0.12; 0.17) and Giovannoni et al.13 (CP 3.5 mg/kg ARR (95% CI): 0.15 (0.09; 0.21)). The following adjustments to the 
methodology of the present analysis account for these differences: (1) CLARITY analyses: the calculated ARRs included imputed data 
for patients who experienced relapses after receiving rescue medication and the Poisson model used was not adjusted for region and (2) 
CLARITY Extension analyses: ARRs were calculated for the 96-week, double-blind period only, and did not include data collected over 
the gap period or the 24-week safety follow-up period.
ARR: annualised relapse rate; CI: confidence interval; CT 3.5 mg/kg: cladribine tablets 3.5 mg/kg; CP 3.5 mg/kg: cladribine tablets 
3.5 mg/kg in CLARITY followed by placebo in CLARITY Extension.
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both relapses requiring steroid treatment or leading to 
hospitalisation by greater than 50% compared with 
placebo. Given that such relapses are associated with 
increased fatigue and a decrease in health-related 
quality of life,22 the efficacy of cladribine tablets 
3.5 mg/kg to reduce the occurrence of relapses – 
including those of greater severity – would serve to 
reduce the burden of MS on patients. Indeed, analysis 
of data from the CLARITY study demonstrated that 
health-related quality of life, measured via the EQ-5D 
index score, was significantly improved in patients 
receiving cladribine tablets 3.5 mg/kg versus placebo 
after 2 years.23 A reduced frequency and severity of 
relapses with cladribine tablets could also reduce the 
healthcare resource utilisation associated with man-
agement of such events, and further economic analy-
ses are warranted.

In the placebo treatment group, ARRs for all relapses 
(Month 6, 0.74; Year 1, 0.68; Year 2, 0.63) were nota-
bly higher than ARRs for qualifying relapses (Month 
6, 0.44; Year 1, 0.38; Year 2, 0.35). The ARR for all 
relapses at Year 2 is in keeping with the all-relapse 
rates seen in earlier placebo-controlled studies of 
other DMTs, demonstrating that patients in CLARITY 
appear to have comparable disease activity with pre-
vious studies.24,25

In this descriptive evaluation of the CLARITY and 
CLARITY Extension studies, the frequency of each 
type of relapse in the CP 3.5 mg/kg group at Year 4 
(CLARITY Extension) was similar to those observed 
with cladribine tablets 3.5 mg/kg in Year 2 (CLARITY), 
thus suggesting that the treatment effect of cladribine 

tablets 3.5 mg/kg can be sustained without further treat-
ment after 2 years (albeit for the smaller number of 
patients in this group). Furthermore, the relapse fre-
quencies for CP 3.5 mg/kg in CLARITY Extension 
were notably lower than for placebo in CLARITY, fur-
ther indicating the durability of the effect of cladribine 
tablets 3.5 mg/kg. It should be noted that the number of 
patients entering CLARITY Extension from the pre-
ceding CLARITY study was reduced. This was due to 
the fact that CLARITY Extension was not ready to start 
as the first patients completed CLARITY; in addition, 
there was a 10.1% dropout rate from CLARITY, which 
meant that these patients were not eligible for the 
extension study. This limitation should be considered 
when interpreting the results, as well as the fact that 
some who entered CLARITY Extension may have had 
milder disease. Despite this, a recent post hoc analysis 
of patients in CLARITY showed that most baseline 
characteristics were similar between those who entered 
versus did not enter CLARITY Extension.26

The general safety profile of patients in the placebo or 
cladribine tablets 3.5 mg/kg group in CLARITY, and 
the CP 3.5 mg/kg group in CLARITY Extension, was 
largely similar. In patients receiving treatment with 
cladribine tablets 3.5 mg/kg, acute short-term treat-
ment with systemic steroids is permitted.10 Safety data 
from the current analysis support this guidance, show-
ing that concomitant use of steroids (administered dur-
ing severe relapse) with cladribine tablets did not 
result in any additional safety findings. Such results 
should, however, be interpreted with caution in view 
of the relatively small number of patients included in 
the analysis.

Table 3. The proportion of patients with zero qualifying or all relapses (overall or severe) in the CP 3.5 mg/kg group at 
Year 4 in CLARITY Extension.

Type of relapse Patients with zero 
relapses at Year 4, 
n (%)

CP 3.5 mg/kg group
N = 98

Qualifying relapses

 Overall relapses 83 (84.7)

 Relapses requiring steroid treatment 85 (86.7)

 Relapses leading to hospitalisation 92 (93.9)

All relapses

 Overall relapses 72 (73.5)

 Relapses requiring steroid treatment 77 (78.6)
 Relapses leading to hospitalisation 86 (87.8)

CP 3.5 mg/kg: cladribine tablets 3.5 mg/kg in CLARITY followed by placebo in CLARITY Extension.

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


N De Stefano, MP Sormani et al.

journals.sagepub.com/home/msj 119

In conclusion, patients who received cladribine tab-
lets 3.5 mg/kg had a significant reduction in the fre-
quency and severity of relapses during CLARITY. 
Additional descriptive analyses suggested that this 
benefit was sustained in CLARITY Extension with-
out further treatment.
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