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Abstract
Objectives: The primary objective was to evaluate long-term treatment persistence and safety of natalizu-
mab in Finnish multiple sclerosis patients. The secondary objectives were to assess patient characteristics,
use of natalizumab-related safety protocol, and treatment persistence in patients with different anti-John
Cunningham virus antibody statuses (John Cunningham virus status).
Materials & Methods: All adult multiple sclerosis patients in the Finnish multiple sclerosis register who
started natalizumab between 1/2006 and 12/2018 were included in this study and followed retrospectively
until treatment discontinuation or end of follow-up (12/2019).
Results: In total, 850 patients were included. Median duration of natalizumab treatment was 7.8 years in
John Cunningham virus negative (n= 229) and 2.1 years in John Cunningham virus positive patients (n=
115; p< 0.001). The most common cause for treatment discontinuation was John Cunningham virus posi-
tivity. After natalizumab discontinuation, patients who had a washout duration of less than 6 weeks had
fewer relapses during the first 6 months (p= 0.012) and 12 months (p= 0.005) compared with patients
who had a washout duration of over 6 weeks. During the median follow-up of 3.6 years, 76% of patients
remained stable or improved on their Expanded Disability Status Scale.
Conclusions: Treatment persistence was very high among John Cunningham virus negative patients. The
study supports long-term effectiveness of natalizumab and a washout duration of less than 6 weeks after
discontinuation.
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Introduction
Multiple sclerosis (MS) is a chronic inflammatory,
demyelinating, and neurodegenerative disease of the
central nervous system.1 Natalizumab (NTZ) is a high-
efficacy disease-modifying therapy (DMT) indicated
for patients with highly active relapsing-remitting
MS (RRMS) despite treatment with at least one
DMT, and for patients with rapidly evolving severe
RRMS.2 NTZ has been demonstrated as highly effica-
cious in the treatment of RRMS both in clinical trials
and real-world settings and has a well-established
safety profile.3–8 However, real-world data on long-
term treatment with NTZ is still limited, especially in

patients with different anti-John Cunningham virus
antibody statuses (JCV status).

The use of NTZ is limited by the increased risk of pro-
gressive multifocal leukoencephalopathy (PML), a
rare but severe inflammatory disease caused by the
JCV. The known risk factors for PML in
NTZ-treated patients include positive JCV status,
long NTZ treatment duration, and prior use of immu-
nosuppressants.9 Safety protocols including assess-
ment of known risk factors, regular magnetic
resonance imaging (MRI) scans, and careful screen-
ing of signs and symptoms of PML have been
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established to minimize the risk of PML.2,10 Also, a
number of studies have reported an association
between NTZ discontinuation and return of disease
activity.11–13

The primary objective of this nationwide, observa-
tional, retrospective study was to evaluate the long-
term treatment persistence and safety of NTZ in real-
life clinical practice. The secondary objectives were to
characterize Finnish MS patients treated with NTZ,
assess the use of NTZ-related safety protocol, and
examine the effect of JCV status on treatment
persistence.

Materials and methods

Study population and data collection
This was a nationwide, observational, retrospective
registry study designed to analyze the long-term treat-
ment persistence and safety of NTZ in Finland. The
data were collected retrospectively via the Finnish
MS register and supplemented with data collected
from electronic health records (EHRs) from the five
Finnish university hospitals (Helsinki, Turku,
Tampere, Kuopio, and Oulu University Hospitals).14

All adult (≥18 years of age) patients with a diagnosis
of MS disease (ICD-10: G35, the International
Classification of Diseases, 10th edition) with at least
one infusion of NTZ between 1/2006 and 12/2018
were included in the study cohort. The exclusion cri-
terion was enrolment in a clinical trial (n= 2).

Two subgroups were formed: (a) The total cohort
including all MS patients whose first NTZ infusion
was between 1/2006 and 12/2018 and (2) a restricted
cohort consisting of patients who had additional data
collected from the EHRs of the university hospitals
and whose first NTZ infusion was administered
between 1/2014 and 12/2018. The restricted study
cohort was formed to achieve a cohort with more
comprehensive data on frequencies of MRI and
anti-JCV antibody testing. The patients were followed
up from the initiation of NTZ treatment until treat-
ment discontinuation or the end of follow-up (12/
2019). The possible follow-up period ranged from
12 months to 14 years.

Baseline and outcome measures
Age, gender, diagnosis (ICD-10: G35), date of MS
onset, and date of diagnosis were collected at base-
line. The JCV status in serum, information on NTZ
infusions (date, dosage, and strength) and other
DMTs, MS disease phenotype (RRMS, primary pro-
gressive MS, secondary progressive MS), frequency

of MRI, and the Expanded Disability Status Scale
(EDSS) score at baseline and during the follow-up
were collected. The number of relapses during the
year before the initiation of NTZ treatment and
during the follow-up was collected. Also, reasons
for NTZ discontinuation were collected. The disease
duration was evaluated based on the time from MS
diagnosis to the initiation of NTZ treatment. For the
restricted cohort, additional data was collected dir-
ectly from EHRs and consisted of NTZ infusion
dates and dates of MRI and anti-JCV antibody testing.

The use of the NTZ-related safety protocol, as described
in the summary of product characteristics (SPC) for
Tysabri, was assessed based on the frequency of MRI
and anti-JCV antibody testing.2 According to the
NTZ-related safety protocol, MRI should be performed
before the initiation of treatment (usually within 3
months) and repeated at least every 12 months for
patients without increased risk for PML and every 6
months for patients with increased risk for PML. A
patient is considered at increased risk for PML if he/she
(a) has testedpositive for anti-JCVantibodies,NTZ treat-
ment has been ongoing for at least 2 years, and has used
immunosuppressive treatment prior NTZ or (b) NTZ
treatment has been ongoing for at least 2 years, has no
prior immunosuppressive treatment, but the anti-JCV
antibody index is high (1.5 or greater). Anti-JCV anti-
body testing is recommended prior to initiating NTZ
and every 6 months for JCV-negative patients to detect
possible seroconversion. The adherence to safety proto-
col was evaluated in the restricted study cohort.

EDSS changes were assessed as the percentage of par-
ticipants who had EDSS improvement (decrease of
≥0.5 points), EDSS stabilization (0.0 point change),
or EDSS progression (increase of ≥0.5 points) com-
pared with baseline. In addition, we examined the pro-
portion of patients who showed accumulated disability
which was defined as an increase of ≥1.5 points from
the baseline EDSS score of 0.0,≥ 1.0 points from the
baseline EDSS score of ≥1.0 to <6.0, or ≥0.5 points
from baseline EDSS score of ≥6.0.

Statistical analyses
Baseline and outcome variables were assessed
descriptively by the number and proportion for cat-
egorical variables and by mean and standard deviation
(SD) or median and first and third quartiles for con-
tinuous variables. In addition, the number and propor-
tion of missing data was reported.

NTZ treatment persistence was analyzed with the
Kaplan-Meier method among the total cohort and
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compared across patients with varying JCV status
(positive and negative) using the log-rank test. JCV
status was considered a time-dependent variable.

The descriptive statistics of EDSS changes and annual-
ized relapse rate (ARR) were calculated for all patients
with available information and with a treatment dur-
ation of at least 12 months. EDSS changes were
assessed by comparing the baseline values to the last
available value at the end of the follow-up, among
patients who had both values available. All patients
who had a baseline evaluation of EDSS within a
year before the initiation of NTZ treatment and a
follow-up evaluation within three months of NTZ dis-
continuation were included in the assessment.

EDSS changes were compared between treatment-
naive patients and patients who used another DMT
before NTZ initiation. The comparison was made
using Fisher’s exact test.

The effect of the washout period (less than 6 weeks
vs. 6 weeks or more) on the frequency of relapses
was investigated in two groups: Patients who had at
least 6 months of follow-up available after the discon-
tinuation of NTZ treatment, and those who had at least
12 months. These frequencies were compared using
Fisher’s exact test.

Two-tailed p values <.05 were considered statistically
significant. Statistical analyses were conducted using
RStudio (version 1.3.1073; http://www.rstudio.com).

Ethical considerations
According to Finnish legislation, the approval of an
ethical committee was not required as the study was a
non-interventional registry study in which patients were
not contacted. The study was approved by the Finnish
Institute of Health and Welfare (THL/2274/5.05.00/
2019). The study was conducted in accordance with the
Helsinki Declaration, Good Pharmacoepidemiology
Practices (GPP), and Data Protection Directive (DPD).

Results

Patient characteristics
The total study cohort consisted of 850 MS patients
(232 male; 618 female) who initiated NTZ treatment
between 1/2006 and 12/2018 (Table 1). Most patients
(90%) had RRMS phenotype at baseline with a mean
disease duration of 5.4 years. The restricted study
cohort consisted of 215 patients (57 male; 158
female) who had additional EHR information and
started NTZ treatment between 1/2014 and 12/2018

(Table 1). NTZ dose was 300 mg for all patients.
Information on dosing intervals was available for
441/850 patients. The median dosing interval per
patient was 4.4 (IQR 4.2–4.6) weeks. Most patients
(84%; 371/441) had a dosing interval of 4 weeks
and 16% (70/441) of patients had a dosing interval
of 5 weeks or more.

Treatment persistence and reasons for
discontinuation
Altogether, 76% (642/850) of patients discontinued
NTZ treatment during the 14-year observation
period, and 208 patients had ongoing NTZ treatment
at the end of the follow-up. The median treatment dur-
ation for all patients was 2.3 years (N= 850), and 4.4
years for patients who had JCV status reported. A
total of 43% of patients persisted on NTZ treatment
for three years or more (Figure 1A). A total of 76%
of JCV-negative patients and 34% of JCV-positive
patients persisted on NTZ treatment for at least
three years (Figure 1B). The median duration of treat-
ment was 7.8 years for JCV-negative patients (n=
229) and 2.1 years for JCV-positive patients (n=
115; p< 0.001).

The most common reason for NTZ treatment discon-
tinuation was a positive JCV status, which accounted
for 48% of treatment discontinuations in the total
cohort, followed by disease activity (12%), adverse
events (11%), patient’s own decision (9%), and preg-
nancy (6%) (Table 2). The summary of adverse events
leading to the discontinuation of NTZ treatment is
shown in Table 3. Two cases of PML were reported
during NTZ treatment.

Safety protocol
In the restricted study cohort, baseline MRI was per-
formed on 76% (163/215) of patients. During NTZ
treatment, MRI was performed at least every 12
months in the 93% (155/167) of patients without
increased PML risk, and at least every 6 months in
the 75% (3/4) of patients at increased risk for PML.
Anti-JCV antibody testing was performed at baseline
for 58% (125/215) of patients and repeated at least
every 6 months for 82% (85/104) of JCV-negative
patients. The median interval of anti-JCV antibody
testing was 6.0 (IQR 5.6–6.2) months.

Disability and relapses
EDSS information was available for 104 patients both
at baseline and at the end of the follow-up. Mean
follow-up time was 3.6 years in the patients with
EDSS information and the mean interval between the
EDSS evaluations was 3.8 (SD 2.5) years. Only patients
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with follow-up of at least 1 year were included in the
analyses. EDSS improvement was observed in 32%
(33/104), EDSS stabilization in 31% (32/104), and

EDSS progression in 38% (39/104) of patients at the
end of the follow-up. In addition, 24% (25/104) of
the patients showed accumulated disability. There

Table 1. Descriptive statistics of the study cohort at baseline.

Total cohort (N= 850) Restricted cohorta (n= 215)

Age at MS diagnosis, mean (SD), years 30.5 (8.7) 31.3 (9.0)
Age at MS onsetb, mean (SD), years 28.5 (8.4) 29.0 (8.4)
Disease durationc, mean (SD), years 5.4 (5.6) 5.0 (6.1)
Sex, n (%)
Male 232 (27%) 57 (26.5%)
Female 618 (73%) 158 (73.5%)
MS phenotype, n (%)
RRMS 768 (90%) 187 (87%)
PPMS 7 (1%) 2 (1%)
SPMS 27 (3%) 11 (5%)
Unspecified 42 (5%) 15 (7%)
Missing 6 (1%) 0 (0%)
EDSSd, median (Q1, Q3) 3.0 (2.0, 4.5) 2.5 (2.0, 4.4)
Number of previous DMTs, n (%)
0 204 (24%) 83 (39%)
1 239 (28%) 47 (22%)
≥ 2 407 (48%) 85 (40%)
JCV status, n (%)
Negative 138 (16%) 104 (48%)
Positive 41 (5%) 21 (10%)
Missing 671 (79%) 90 (42%)

DMT: disease-modifying therapy; EDSS: Expanded Disability Status Scale; JCV: John Cunningham virus; MS: multiple
sclerosis; PPMS: primary progressive multiple sclerosis; RRMS: relapsing-remitting multiple sclerosis; SD: standard
deviation; SPMS: secondary progressive multiple sclerosis.
aThe restricted study cohort included MS patients from the Finnish MS Register who had additional data from a Finnish
university hospital and whose first natalizumab infusion was between 1/2014 and 12/2018.
b127 patients in the total study cohort and 14 patients of restricted study cohort did not have information on the age at MS
onset available.
cThe time from MS diagnosis to the initiation of natalizumab treatment.
d484 patients in the total study cohort and 129 patients of restricted study cohort did not have EDSS information
available.

Figure 1. Kaplan–Meier estimate for natalizumab treatment persistence during follow-up for the (A) total population (N=
850) and (B) patients with a positive status for anti-john cunningham virus (JCV) antibodies (n= 115), and patients with a
negative status for anti-JCV antibodies (n= 229).
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were no statistically significant differences in EDSS
changes among treatment-naive patients (n= 22) and
patients who had used another DMT before NTZ initi-
ation (n= 82; p > 0.05, median [Q1, Q3] duration of
previous treatment 1.1 [0.4, 2.5] years). The mean
ARR was 1.3 (SD 1.1) during the year prior to starting
NTZ and 0.1 (SD 0.4) during the follow-up (n= 663).

Effect of washout
The median washout time in those who switched from
NTZ to another DMT was 13.1 weeks (IQR 8.4–
21.9). There was a statistically significant difference
in the frequency of relapses after NTZ discontinuation
between patients who had a washout duration of less
than 6 weeks and patients who had a washout duration
of 6 weeks or more, for both the first 6 months (p=
0.012) and first 12 months (p= 0.005) periods.
Patients with shorter washout duration were more

Table 2. Reasons for natalizumab treatment
discontinuation.

Reason for discontinuationa

Total cohort
(n= 642)

n %

Anti-John Cunningham virus
(JCV) antibody positivity

306 48

Disease activity 76 12
Adverse events 72 11
Other 70 11
Patient’s own decision 57 9
Pregnancy 39 6
Alteration of disease course 36 6
Drug antibodies 32 5
Missing – discontinued without
specified reason

32 5

aIndividual patients may have more than one reason for
discontinuation.

Table 3. Adverse events leading to natalizumab
treatment discontinuation (total study cohort, n= 72).

Adverse event

Number of
patients

n %

Airways, lungs, thoracic cavity,
and mediastinum

Dyspnea 1 1.4
Upper airway infection 2 2.8
Alimentary tract
Abdominal pain 2 2.8
Blood and lymphatic tissue
Anemia 1 1.4
Leukocytosis 1 1.4
Neutropenia 1 1.4
Thrombocytopenia 1 1.4
Bone, skeletal muscle, and
connective tissue

Backache 2 2.8
Flank pain 1 1.4
Limb pain 3 4.2
Muscle spasticity 1 1.4
Muscle weakness 4 5.6
Occipital pain 1 1.4
Cardiovascular
Deep venous thrombosis 1 1.4
Palpitation 1 1.4
Tachycardia 1 1.4

(continued)

Table 3. Continued.

Adverse event

Number of
patients

n %

General
Chest pain 1 1.4
Fatigue 3 4.2
Fever 2 2.8
Headache 1 1.4
Shivering 1 1.4
Immune system
Anaphylactic reaction 1 1.4
Mild allergic reaction 10 13.9
Infections
Abscess (not at site of
injection)

1 1.4

Progressive multifocal
leukoencephalopathy (PML)

2 2.8

Unknown infection 4 5.6
Liver and biliary system
Abnormal liver function test 6 8.3
Hepatic insufficiency 1 1.4
Hyperbilirubinemia 1 1.4
Nervous system
Cognitive disorders 1 1.4
Tremor 1 1.4
Skin and subcutaneous
tissue

Alopecia 1 1.4
Eczema 4 5.6
Urticaria 4 5.6
Unknown 28 38.9

Verkkoniemi-Ahola, et al.

www.sagepub.com/msjetc 5



often relapse-free than patients with longer washout
duration (Table 4).

Discussion
The results of this long-term registry study up to 14
years indicate that there is very high NTZ treatment
persistence among JCV-negative patients and that
JCV positivity is the most common reason for the dis-
continuation of NTZ treatment. In addition, our
results support the association between prolonged
washout duration and a higher risk of disease reactiva-
tion following NTZ discontinuation.

JCV negative patients (n= 229) had considerably
longer treatment duration with a median of 7.8 years
compared to JCV positive patients (n= 115) who had
a median duration of 2.1 years. In an epoch-analysis
of the Tysabri Observational Programme (TOP), the
disability progression rate decreased further beyond 2
years of NTZ treatment.15 Patients who responded
well and remained on continuous NTZ therapy for
over 4 years had sustained and potentially enhanced
reductions in EDSS progression over time. Therefore,
high persistence in NTZ treatment is clinically highly
relevant for the long-term prognosis of patients.

The discontinuation of NTZ treatment in
JCV-positive patients after 2 years of treatment is
expected because of the increased risk of PML in
these patients.9 Although positive JCV status is
known to be a critical factor limiting the duration of
NTZ treatment, the treatment duration has not been
previously reported separately for JCV negative and
positive patients, to our knowledge.7,16 The result of
the significant difference in long-term treatment

duration between JCV negative and positive patients
is also very relevant in light of the high prevalence
estimates of JCV positivity among Finnish MS
patients (57%) and multinational MS patient popula-
tion (58%).17,18 Patients with negative JCV status
are generally expected to have a long NTZ treatment
duration even when considering the occurrence of
seroconversion. Based on a recent meta-analysis, the
pooled estimate of seroconversion incidence driven
by JCV infection in NTZ-treated MS patients was
21% in European/American countries.19

The median duration of NTZ treatment was 2.3 years
for all patients (N= 850) and 43% of all patients per-
sisted on NTZ treatment for at least 3 years. The dis-
continuation rate in our study was slightly higher than
in some earlier reports. In the 10-year interim analysis
of TOP, 52% had discontinued NTZ and the median
duration of NTZ treatment was 3.3 years.7 In a large
Italian cohort of more than 5000 NTZ-treated
RRMS patients, the median treatment duration was
also 3.3 years, and 75% of patients persisted at 3.3
years of NTZ treatment.16 Higher JCV index and
EDSS at baseline predicted early NTZ discontinu-
ation in that cohort. The discontinuers had higher
ARR and EDSS evaluations at the last follow-up
during NTZ treatment compared to continuers.16

French TYSEDMUS cohort included 4055 patients
treated with at least one infusion of NTZ in 2007–
2012, and 31% of the patients discontinued NTZ
treatment.12

The risk of PML was the most critical factor affecting
NTZ treatment persistence as the most common
reason for discontinuation (48%) was positive JCV

Table 4. The duration of washout and number of relapses during the first 6 months and 12 months after
discontinuation of natalizumab. The results are presented for the total study cohort, n (%).

Number of
relapses

6 months follow-upa

(n= 538)
12 months follow-upb

(n= 519)

< 6 weeks washout
(n= 107)

≥ 6 weeks washout
(n= 432)

< 6 weeks washout
(n= 98)

≥ 6 weeks washout
(n= 422)

0 93 (87%) 317 (73%) 79 (81%) 271 (64%)
1 12 (11%) 88 (20%) 13 (13%) 88 (21%)
2+ 2 (2%) 27 (6%) 6 (6%) 63 (15%)

aA statistically significant difference (p= 0.012) was detected in the frequency of relapses between patients with a
washout duration of less than 6 weeks and patients with a washout duration of 6 weeks or more, using Fisher’s exact test.
bA statistically significant difference (p= 0.005) was detected in the frequency of relapses between patients who had a
washout duration of less than 6 weeks and patients who had a washout duration of 6 weeks or more, using Fisher’s exact
test.
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status. Altogether, 46% of discontinuations were due
to the risk of PML in the TOP study,7 83% in the pre-
viously mentioned Italian study,16 and 35% in the
TYSEDMUS study.12 In this cohort, the second
most common reason for discontinuation was
disease activation but the proportion was low (12%)
and similar to what has been reported in previous
long-term studies (11%–13%).7,16

The long-term clinical effectiveness of NTZ was further
demonstrated by the majority of patients showing
EDSS improvement (32%) or stabilization (31%)
from baseline to the end of follow-up. Less than one
in four patients (24%) showed accumulated disability
during follow-up. These results on disability and
relapse rate are in line with previous long-term observa-
tional studies.6–8,20 In the TOP study, the reported
cumulative probabilities of confirmed disability wor-
sening and disability improvement were 28% and
33% at 10 years, respectively.7,20 The mean ARR
was 0.1 during the follow-up of this study which is
similar to previous long-term studies that have reported
mean ARRs between 0.1 and 0.2 during NTZ treat-
ment.6–8 Also, recent studies and meta-analysis have
demonstrated that NTZ is still highly effective and
viable immunotherapy for RRMS in comparison to
other high-efficacy DMTs.21–23

Previous registry-based studies, including one Finnish
study, have indicated that initiating treatment with a
high-efficacy DMT in RRMS may reduce long-term
disability progression and relapses compared to
moderate-efficacy DMTs.24–27 In the restricted
cohort of our study, we did not identify a statistically
significant difference in disability progression as mea-
sured with EDSS change between 22 treatment-naive
patients and 82 patients who had previously used
another DMT. However, EDSS change was not com-
prehensively available for all patients limiting the
statistical power of this analysis.

Adverse events were reported as a reason for discon-
tinuation by 11% of the patients. Two cases of PML
were diagnosed during the observation period. Both
cases occurred in November 2011.28 There have
been no new PML cases after 2011 when the
Tysabri SPC was updated with information on risk
factors for PML and recommendations for anti-JCV
antibody testing. The reported adverse events were
consistent with the current safety profile of NTZ
and no new safety concerns were identified.2,3

Besides the risk of PML, the risk of disease reactiva-
tion after NTZ discontinuation is a critical factor in

clinical decision-making related to the initiation or
discontinuation of NTZ treatment. Previous studies
have demonstrated that NTZ cessation is often asso-
ciated with disease reactivation.11–13 In the
TYSEDMUS study, 37.1% of the patients who dis-
continued NTZ, experienced a relapse within 12
months after discontinuation. Relapse risk was asso-
ciated with younger age and disease activity before
NTZ initiation. Also, an increase of one point in
EDSS was observed in 23% of patients at the end of
follow-up period compared to the last NTZ infu-
sion.12 In our study, the median duration of washout
after NTZ discontinuation was 13 weeks. In the
past, longer washout durations were used in accord-
ance with the Finnish treatment guidelines. Based
on the fact that NTZ has pharmacodynamic effects
for approximately 12 weeks after its last dose, starting
other therapies during this time will result in a con-
comitant exposure to NTZ.2 Previous real-world
studies have reported that short washout duration
(less than 2–3 months) and initiation of subsequent
DMT may decrease the risk of disease reactiva-
tion.13,29–34 Accordingly, the updated Finnish
Current Care Guidelines for MS now caution about
the risk of disease reactivation after 2–3 months of
NTZ discontinuation if the initiation of new therapy
is delayed.35 Our study supports the finding that a
shorter washout (less than 6 weeks) is associated
with a lower risk of disease reactivation during the
first 6 and 12 months after NTZ cessation.

The main strength of this study is the nationwide
coverage of the cohort and the long follow-up
period. The Finnish MS register has a very high
nationwide coverage (>90%). The treatment duration,
reasons for discontinuation, and prior and subsequent
DMTs were comprehensively reported in the total
cohort. Other strengths include the high standard of
healthcare in Finland and relatively uniform treatment
practices across the country. This was a real-life,
retrospective, non-interventional study in which data
were collected from the Finnish MS register and sup-
plemented with EHR data providing extensive clinical
data for the patients included in the study cohort. The
accuracy of available data collected from the Finnish
MS register and EHRs can be considered high.14

However, the key limitation is that not all variables
were comprehensively available for all patients in
the study cohort. JCV status was not systematically
reported in the registry and, as a result, 40% (344/
850) of patients did not have information available
on their JCV status at baseline or during the
follow-up. The results on disability and relapses can
be considered as descriptive because only a subset
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of patients had enough available data. In addition, the
data did not allow for confirming that the EDSS
change in patients was sustained over time, therefore,
it is possible that in some cases the EDSS change was
due to short-term variation during the course of
RRMS. Our study indicates that the treatment persist-
ence was very high among JCV-negative patients who
typically stayed on NTZ treatment for over 7 years.
The most important reason for NTZ treatment discon-
tinuation was positive JCV status and only a low pro-
portion of patients discontinued due to disease
activity. Monitoring PML risk in NTZ-treated MS
patients is extensively adopted in clinical practice in
Finland as compliance with the recommended fre-
quency of MRI and anti-JCV antibody testing is
good. Our study confirmed previous results on long-
term clinical effectiveness of NTZ as the majority of
the patients showed EDSS improvement or stabiliza-
tion from baseline to the end of follow-up, and the
mean ARR was low (0.1) during the follow-up. Our
study also supports the earlier reports indicating that
prolonged washout duration after NTZ discontinu-
ation should be avoided. Taken together, the results
of this study indicate that NTZ is a valuable long-term
treatment option, especially, in JCV-negative MS
patients.
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