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Introduction
The availability of more effective disease-modifying 
therapies (DMTs) over recent years has increased the 
complexity of selecting an appropriate treatment for 
patients with multiple sclerosis (MS). At the same  
time, therapeutic aims have evolved in recognition of a 
need to provide a more comprehensive assessment of 
treatment outcomes with patient centricity in mind. 
Consequently, in clinical practice, the composite meas-
ure of the absence of relapses, confirmed disability pro-
gression, and magnetic resonance imaging (MRI) 
activity—known as “no evidence of disease activity” 
(NEDA-3)1—is increasingly used as the goal of treat-
ment in MS.2–6 More recently, MRI assessment of brain 
volume loss has been added to this composite measure 
(referred to as NEDA-4).7

In Europe, cladribine tablets 10 mg (MAVENCLAD®; 
3.5 mg/kg cumulative dose over 2 years, referred to as 
cladribine tablets 3.5 mg/kg) are approved for the 
treatment of relapsing MS with short oral courses of 
the drug administered at the beginning of Years 1 and 
2, with no requirement for further courses of treat-
ment in Years 3 and 4.8 This unique dosing pattern 
was derived from the results of the CLARITY and 
CLARITY Extension studies.9 CLARITY was a dou-
ble-blind, randomized, placebo-controlled study that 
showed significant clinical and MRI efficacy of clad-
ribine tablets. Patients receiving what became the 
approved cumulative dose of 3.5 mg/kg in CLARITY 
were re-randomized to placebo or a third and fourth 
course of cladribine tablets in CLARITY Extension. 
The latter study showed that clinical outcomes were 
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not significantly different in patients who received 
further cladribine tablets versus those who received 
placebo during the extension phase.9

NEDA-3 with cladribine tablets in Years 1 and 2 has 
been described previously from the CLARITY 
study,10 but a point of interest is the proportion of 
patients with NEDA-3 in Years 3 and 4 after 
CLARITY baseline when no further courses of clad-
ribine tablets were administered in comparison to 
patients who did receive additional courses of cladrib-
ine tablets. The current analysis was proposed to 
investigate this, and reports a post hoc analysis to 
determine the proportion of patients with NEDA-3 in 
those who received cladribine tablets 3.5 mg/kg in 
CLARITY and who were then randomized in 
CLARITY Extension to either placebo or further 
treatment with cladribine tablets 3.5 mg/kg.

For administrative reasons there was a delay in initiat-
ing the CLARITY Extension study. Consequently, 
having completed the CLARITY study, there was an 
interval before many patients could start the extension 
phase. This variable bridging interval between the 
CLARITY and CLARITY Extension studies ranged 
from 0.1 to 116.0 weeks meaning that, after complet-
ing the first 2 years of study treatment in CLARITY, 
some patients going directly into the CLARITY 
Extension study would finish at 4 years after the base-
line of the original study. Other patients, with a bridg-
ing interval of 2 years, finished the CLARITY 
Extension study 6 years after the baseline of 
CLARITY. By analyzing patients with a bridging 
interval of ⩽48 weeks or >48 weeks before initiation 
of treatment in CLARITY Extension, we are therefore 
able to provide additional insight into the durability of 
treatment effect with cladribine tablets. A bridging 
interval of ⩽48 weeks or >48 weeks was chosen 
because this period corresponds to 1 study year of the 
96-week CLARITY and CLARITY Extension stud-
ies. Therefore, assessing outcomes in 1 year time 
frames is relevant to clinical practice and representa-
tive of following up a patient after receiving a full 
course of cladribine tablets. Because the variable 
bridging interval includes data obtained after Year 4 
from CLARITY baseline for some patients, the cur-
rent analysis therefore provides further insight into 
the durability of clinical and MRI effects of treatment 
with cladribine tablets during a time where patients 
are not expected to receive further DMTs.

Methods
The design and primary outcomes of the CLARITY 
(NCT00213135) and CLARITY Extension (NCT00 

641537) studies have been reported previously.11–13 
Briefly, patients with relapsing-remitting MS who 
were placebo recipients in CLARITY received clad-
ribine tablets 3.5 mg/kg in CLARITY Extension. 
Patients receiving any dose of cladribine tablets in 
CLARITY were re-randomized to cladribine 3.5 mg/
kg or placebo in CLARITY Extension (Figure 1(a)).

In CLARITY Extension, clinical examination and 
recording of Expanded Disability Status Scale (EDSS) 
score were conducted during the pre-study evalua-
tion, on the first day of the study, and at weeks 13, 24, 
36, 48, 60, 72, 84, and 96 of the double-blind treat-
ment period. A qualifying relapse was defined as a 
2-grade increase in 1 or more Kurtzke Functional 
Systems (KFS) score or a 1-grade increase in 2 or 
more KFS, excluding changes in bowel/bladder or 
cognition, in the absence of fever, lasting for ⩾24 
hours, and preceded by ⩾30 days of clinical stability 
or improvement. For suspected relapses between 
study visits, patients were required to attend the study 
site within 7 days after the onset of symptoms for 
assessment by the evaluating physician.

Assessments of MRI activity were carried out when 
patients entered CLARITY Extension and after weeks 
24, 48, 72, and 96 of the double-blind treatment 
period. MRI scans were performed using a standard-
ized operating protocol by operators who were 
blinded to trial treatment, and patients were scanned 
using the same machines throughout the trial. A cen-
tral independent neuroradiology center, also blinded 
to treatment, was used to assess MRI scans.

Depending on bridging interval duration, the Week 48 
(1 year) and Week 96 (2 year) endpoints in CLARITY 
Extension can occur at different times relative to 
CLARITY baseline (see Figure 1(b)). Patients were 
permitted to receive interferon beta or glatiramer ace-
tate during the bridging interval between studies, but 
discontinued any DMT at least 3 months before the 
first study day of CLARITY Extension.

Statistical analysis
All analyses were post hoc and exploratory. Two 
treatment groups are included—patients rand-
omized to cladribine tablets 3.5 mg/kg followed by 
placebo (hereafter referred to as the CP3.5 group) or 
cladribine tablets 3.5 mg/kg followed by further 
treatment with cladribine (referred to as the CC7.0 
group).

Patients were analyzed for NEDA-3 (defined as the 
composite of patients with no qualifying relapse, no 
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confirmed 6-month EDSS progression, and no T1 
Gd+ or active T2 lesions), and the individual compo-
nents of the composite score, at 1 and 2 years of the 
double-blind period of CLARITY Extension for the 
CP3.5 and CC7.0 groups. Data were analyzed descrip-
tively for patients in each group depending on the 
duration of bridging interval between studies 
(⩽48 weeks and >48 weeks).

As an exploratory analysis, differences in NEDA-3 at 
1 and 2 years in CLARITY Extension were assessed 
between the CP3.5 and CC7.0 groups using logistic 
regression with treatment and bridging interval 

duration (continuous variable) as fixed effects. In 
addition, a logistic regression model with interactions 
between treatment and bridging interval duration was 
used to check if the treatment effect was maintained 
depending on bridging interval duration.

For NEDA-3, patients with no evidence of disease 
activity on some components and missing data on 
others are reported as unknown for descriptive analy-
ses but excluded from logistic regression analyses. 
For individual components of NEDA-3, patients who 
withdrew early with no disease activity were consid-
ered as unknown.

Figure 1. (a) Study design of CLARITY and CLARITY Extension. (b) The impact of variable bridging interval on the 
CLARITY Extension observation period and endpoints relative to CLARITY baseline.
Bridging interval is the time between completion of CLARITY and the start of CLARITY Extension. Depending on bridging interval 
duration, the Week 48 (1 year) and Week 96 (2 year) endpoints in CLARITY Extension can therefore occur at different times relative 
to CLARITY baseline. The variable bridging interval means that some patients in the CLARITY Extension study were at Years 3 and 
4, and some at Years 5 and 6 + after initial randomization in the CLARITY study. In this analysis, a cut-off for bridging intervals of 
⩽48 weeks or >48 weeks was chosen because this corresponds to 1 study year of the 96-week CLARITY and CLARITY Extension 
studies and assessing outcomes in 1 year time frames is representative of following up a patient after receiving a full course of cladribine 
tablets.
RRMS, relapsing-remitting multiple sclerosis.
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Results
The demographics and characteristics on entry to 
CLARITY Extension for patients included in the pre-
sent analysis are shown in Table 1. No patients 
received any DMT in the 3 months prior to CLARITY 
Extension, with two patients having received treat-
ment with interferon beta during the bridging interval. 
Demographics and clinical characteristics were com-
parable between groups and the median bridging inter-
val between studies were similar. Maximum bridging 
intervals were over 115 weeks for both groups.

The proportion of patients with NEDA-3 at 1 year (the 
first year of CLARITY Extension) and 2 years 
(encompassing both years of CLARITY Extension) in 
each treatment group is shown Figure 2. Overall, the 
2 year NEDA-3 in CLARITY Extension was 29.6% in 
the CP3.5 group and 32.8% in the CC7.0 group, 
showing no differences between patients receiving no 
additional courses of cladribine tablets or additional 
treatment in CLARITY Extension. Depending on 
bridging interval duration, this represents data from 
CLARITY Extension observation periods that could 

Table 1. Characteristics of patients included in the analysis at entry into CLARITY extension.

CP3.5 mg/kg CC7.0 mg/kg

 All patients 
(n = 98)

All patients 
(n = 186)

Age, years 40.7 (10.7) 40.6 (10.5)

Female, n (%) 67 (68.4) 124 (66.7)

Disease duration,a years 10.1 (6.7) 10.4 (7.1)

Number of T1 Gd+ lesions 0.27 (0.96) 0.31 (1.56)

T2 lesion volume (103 mm3) 18.6 (19.1) 13.7 (14.4)

Median EDSS score (min; max) 2.5 (0; 6.5) 2.5 (0; 6.5)

Prior use of DMT at any time, n (%) 18 (18.4) 43 (23.1)

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

DMT use in 3 months prior to CLARITY Extension, n (%) 0 (0) 0 (0)

Relapse between CLARITY and CLARITY Extension, n (%) 9 (9.2) 17 (9.1)
Median interval between studies (min; max),b weeks 41.3 (0.1; 116.0) 41.4 (0.4; 115.3)

SD: standard deviation; EDSS: Expanded Disability Status Scale; DMT: disease-modifying therapy.
Data are mean (SD), unless otherwise stated.
aTime from first attack to CLARITY Extension Study Day 1.
bDuration of the gap between the last visit date in the CLARITY treatment period and the randomization date in CLARITY 
Extension.
CC7.0, 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; Gd+, gadolinium enhanced.

Figure 2. 1 year and 2 year NEDA-3 in CLARITY Extension.
1 year and 2 year endpoints are from Week 48 and Week 96 of CLARITY Extension, respectively. NEDA-3 was defined as no qualifying 
relapse, no 6 month Expanded Disability Status Scale progression, and no T1 gadolinium-enhancing or active T2 lesions. CC7.0, patients 
randomized to cladribine tablets 3.5 mg/kg in both CLARITY and CLARITY Extension; CI, confidence interval; CP3.5, patients 
randomized to cladribine tablets 3.5 mg/kg in CLARITY and placebo in CLARITY Extension; NEDA-3, no evidence of disease activity.
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run from the beginning of Year 3 beyond Year 6 rela-
tive to CLARITY baseline (see Figure 1(b)).

Results for the individual components of NEDA-3 at 
1 and 2 years of CLARITY Extension in each treat-
ment group are shown in Figure 3.

In the current analysis, a cut-off for bridging intervals 
of ⩽48 weeks or >48 weeks was chosen because this 

corresponds to 1 study year of the 96-week CLARITY 
and CLARITY Extension studies, and assessing out-
comes in 1 year time frames is representative of fol-
lowing up a patient after receiving a full course of 
cladribine tablets. For patients who transitioned from 
cladribine tablets 3.5mg/kg to placebo (CP3.5 group) 
with a bridging interval of ⩽48 weeks, 1 year NEDA-3 
was 44.4% (Figure 4). This represents data collected 
in Years 3 and 4 after the baseline of the original study. 

Figure 3. (Continued)
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Figure 4. 1 year and 2 year NEDA-3 in CLARITY Extension according to bridging interval (⩽48 weeks or >48 weeks) 
between CLARITY and CLARITY Extension.
1-year and 2-year endpoints are from Week 48 and Week 96 of CLARITY Extension, respectively. NEDA-3 was defined as no 
qualifying relapse, no 6 month Expanded Disability Status Scale progression, and no T1 gadolinium-enhancing or active T2 lesions. 
Bridging interval is the time between completion of CLARITY and the start of CLARITY Extension. CC7.0, 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; NEDA, no evidence of disease activity.

Figure 3. Individual components of 1 year and 2 year NEDA-3 in CLARITY Extension. (a) Freedom from qualifying 
relapse; (b) Freedom from 6 month EDSS progression; (c) Freedom from T1 Gd+ lesions; and (d) Freedom from active 
T2 lesions.
1 year and 2 year endpoints are from Week 48 and Week 96 of CLARITY Extension, respectively. CC7.0, 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; Gd+, gadolinium enhancing; NEDA-3, no 
evidence of disease activity.

For patients in the CP3.5 group with a bridging  
interval of >48 weeks, 1 year NEDA-3 was 31.4% 
(Figure 4). This represents data collected in Years 4 
and 5 after the baseline of the original study. The cor-
responding values for 1 year NEDA-3 in the CC7.0 
group were 44.3% for patients with a bridging interval 
of ⩽48 weeks and 46.5% for patients with a bridging 
interval of >48 weeks (Figure 4). Findings for the 
individual components of NEDA-3, according to treat-
ment group and duration of bridging interval, are 

shown in Figure 5. In the CP3.5 group, the proportion 
free from T1 Gd+ lesions, active T2 lesions, and 
relapses was numerically lower for patients with 
longer bridging intervals than those with shorter bridg-
ing intervals. In contrast, the proportions free from 
6 month EDSS progression were numerically similar. 
Somewhat similar observations were made for the 
CC7.0 groups with respect to clinical outcomes and T1 
Gd+ in patients with different bridging interval 
lengths. However, a numerically higher proportion of 
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Figure 5. Individual components of 1 year and 2 year NEDA-3 in CLARITY Extension according to bridging interval 
(⩽48 weeks or >48 weeks) between CLARITY and CLARITY Extension. (a) Freedom from qualifying relapse; (b) 
Freedom from 6 month EDSS progression; (c) Freedom from T1 Gd+ lesions; and (d) Freedom from active T2 lesions.
1 year and 2 year endpoints are from Week 48 and Week 96 of CLARITY Extension, respectively. Bridging interval is the time between 
completion of CLARITY and the start of CLARITY Extension. CC7.0, 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; NEDA, no evidence of disease activity.
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patients were free of new T1 Gd+ lesions in the CC7.0 
than in the CP3.5. A similar proportion of patients 
were free or active T2 lesions irrespective of bridging 
interval length.

Overall, there was no evidence that the treatment 
effect on NEDA-3 differed with bridging interval 
duration (p value <0.1 for the treatment by bridging 
interval duration interaction effect). There was also 
no effect of bridging interval duration on NEDA-3 
results when looking at the p value for bridging 
interval duration covariate in the model without 
interaction.

Discussion
NEDA-3 is a relevant outcome that provides useful 
information and a treatment target for physicians 
managing patients with relapsing-remitting MS. In 
particular, a key consideration with NEDA-3 is what 
happens to this measure over time. The analysis of 
NEDA-3 after more than 2 years from the start of 
DMT has been reported in relatively few MS studies, 
such as the 5-year follow-up from CARE-MS I and 
CARE-MS II with alemtuzumab14,15 and the 3-year 
follow-up with dimethyl fumarate.16 The relevance of 
looking at NEDA in Years 3 and 4 after starting treat-
ment with cladribine tablets is that patients would not 
normally receive any DMTs during this time, accord-
ing to the recommended dosing.8 It is expected that 
patients would be regularly monitored by their physi-
cians during Years 3 and 4, and many might judge 
treatment success by the achievement of NEDA or a 
reduction in disease activity compared to a period 
before cladribine tablets were commenced.

The overall results from the current post hoc analysis 
shows a similar level of NEDA-3 in CLARITY 
Extension for patients randomized to placebo or addi-
tional courses of cladribine tablets. This confirms the 
original finding from CLARITY Extension of the sus-
tained effect of two annual courses of cladribine tab-
lets, with no significant incremental benefit from 
further courses of treatment during the extension 
phase, based on annualized relapse rates.12 However, 
overall NEDA-3 in CLARITY Extension represents 
data over a 2-year period, captured between 3 and 
6 years from CLARITY baseline depending on the 
length of the bridging interval between the core and 
extension studies. By restricting the observation to 
Years 3 and 4 from CLARITY baseline, through a 
combination of bridging interval of 1 year or less and 
using NEDA over 1 year, NEDA-3 occurred in ~44% 
of patients randomized to receive placebo or addi-
tional cladribine tablets during this time.

One-year NEDA-3 rates with a bridging interval of 
>48 weeks and 2-year NEDA-3 with a bridging inter-
val of >48 weeks represent data collected progres-
sively later in time from the baseline of CLARITY, 
with increasing data obtained after Year 4. Numerically, 
progressively fewer patients achieved NEDA-3 
beyond Year 4 if no further courses of cladribine tab-
lets were given in CLARITY Extension. Such an 
effect was not observed in patients who did receive 
further courses of cladribine tablets. Examination of 
the individual components of the composite measure 
indicates that this effect was mostly related to changes 
in MRI parameters, which are more sensitive, with 
less change in clinical parameters. Overall, NEDA-3 
at 2 years in CLARITY Extension was comparable for 
the CP3.5 and CC7.0 groups, which argues against the 
need for further treatment in Years 3 and 4. However, 
for patients with a >48-week bridging interval, 
NEDA-3 was numerically lower in the CP3.5 group 
compared with the CC7.0 group. Over time, we may 
therefore identify a subpopulation of patients with new 
disease activity that require further treatment after 
having received no treatment with cladribine tablets in 
Years 3 and 4.

The main limitation of our study is that this was a post 
hoc analysis of NEDA-3 occurring over 1- or 2 year 
periods in an extension study, with no correction for 
patients who had or had not achieved NEDA-3 during 
the CLARITY study. However, this timing mirrors the 
usual periodic monitoring utilized during the routine 
care of people with MS. In addition, the number of 
patients entering CLARITY Extension from the pre-
ceding CLARITY study was reduced,12 and this should 
be considered when interpreting the results by bridg-
ing interval as the patient group sizes may make it dif-
ficult to draw any firm conclusions. Despite this, a 
recent post hoc analysis of patients in CLARITY 
showed that most baseline characteristics were similar 
for those who entered and those who did not enter 
CLARITY Extension suggesting that the study did not 
preferentially enroll patients with either less severe 
disease than at CLARITY baseline, or a greater treat-
ment response to cladribine tablets during CLARITY.17 
Furthermore, the few patients going directly from 
CLARITY to the CLARITY Extension study without 
a bridging interval of < 1 month meant that it was not 
possible to provide data for yearly NEDA-3 and its 
components for a sufficient number of patients to 
allow a meaningful analysis, and this necessitated the 
current analytical approach. Finally, NEDA-3 data for 
the full study period (CLARITY and CLARITY 
Extension combined) are not available, because of the 
treatment switch at the beginning of CLARITY 
Extension and the fact that MRI and EDSS data were 
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not collected during the bridging interval. Different 
MRI protocols were used during the CLARITY and 
CLARITY Extension studies, and there were also dif-
ferences in individual patient observation periods due 
to the varying length of the bridging interval. NEDA-3 
is an endpoint that is defined for a pre-defined obser-
vation period (usually 2 years or shorter) with a stand-
ardized measurement schedule. It does not offer any 
corrections for variations of measurement schedule or 
patient’s observation period.

Conclusion
In this post hoc analysis, patients treated in CLARITY 
with cladribine tablets 3.5 mg/kg and with either pla-
cebo or cladribine tablets 3.5 mg/kg in CLARITY 
Extension experienced sustained effects for NEDA-3 
and its constituent elements. Overall, the duration of 
the bridging interval between CLARITY and 
CLARITY Extension did not have a significant effect 
on NEDA-3 outcomes. However, there was a ten-
dency that the proportion of patients with NEDA-3 in 
the CP3.5 group with a longer bridging interval was 
lower compared to the corresponding CC7.0 group. 
This leads to the question of whether further treat-
ment courses can be administered to patients after the 
initial course of treatment, if required. An expert 
opinion using the Delphi technique did not exclude 
additional courses of cladribine tablets in patients 
experiencing new or reappearing disease activity after 
the full cladribine tablets courses in Years 1 and 2.18 
These results confirm the original finding from 
CLARITY Extension of the sustained effect of two 
annual courses of cladribine tablets 3.5 mg/kg with no 
incremental benefit from further courses of treatment 
in Years 3 and 4.
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