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Abstract
Background: Aggressive disease control soon after multiple sclerosis (MS) diagnosis may 
prevent irreversible neurological damage, and therefore early initiation of a high-efficacy 
disease-modifying therapy (DMT) is of clinical relevance.
Objectives: Evaluate long-term clinical outcomes in patients with MS who initiated treatment 
with either natalizumab or a BRACETD therapy (interferon beta, glatiramer acetate, 
teriflunomide, or dimethyl fumarate).
Design: This retrospective analysis utilized data from MSBase to create a matched population 
allowing comparison of first-line natalizumab to first-line BRACETD.
Methods: This study included patients who initiated treatment either with natalizumab or a 
BRACETD DMT within 1 year of MS diagnosis and continued treatment for ⩾6 months, after 
which patients could switch DMTs or discontinue treatment. Patients had a minimum follow-
up time of ⩾60 months from initiation. A subgroup analysis compared the natalizumab group 
to patients in the BRACETD group who escalated therapy after 6 months. Outcomes included 
unadjusted annualized relapse rates (ARRs), time-to-first relapse, time-to-first confirmed 
disability improvement (CDI), and time-to-first confirmed disability worsening (CDW).
Results: After 1:1 propensity score matching, 355 BRACETD patients were matched to 355 
natalizumab patients. Patients initiating natalizumab were less likely to experience a relapse 
over the duration of follow-up, with ARRs [95% confidence interval (CI)] of 0.080 (0.070–0.092) 
for natalizumab patients and 0.191 (0.178–0.205) for BRACETD patients (p < 0.0001). A Cox 
regression model of time-to-first relapse showed a reduced risk of relapse for natalizumab 
patients [hazard ratio (95% CI) of 0.52 (0.42–0.65); p < 0.001] and a more favorable time-to-
first CDI. The risk of CDW was similar between groups. The subgroup analysis showed an 
increased relapse risk as well as a significantly higher risk of CDW for BRACETD patients.
Conclusion: Early initiation of natalizumab produced long-term benefits in relapse outcomes 
in comparison with BRACETD, regardless of a subsequent escalation in therapy.
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Introduction
Multiple sclerosis (MS) is a chronic inflammatory 
disease of the central nervous system (CNS), 
which can result in disability accumulation from 
neurological damage related to relapse and dis-
ease progression independent of relapse activ-
ity.1,2 The initiation of treatment with a 
disease-modifying therapy (DMT) at the time of 
first presentation of symptoms consistent with or 
suggestive of MS provides benefits over delaying 
treatment.3–8 Long-term follow-up of patients 
from randomized trials has shown a greater ben-
efit for patients originally assigned to treatment 
groups as opposed to those originally assigned to 
placebo groups.9–14

The choice of which DMT is used as the first-line 
treatment option may be based on a number of 
factors including a patient’s disease presentation 
and prognosis6 as well as the accessibility of 
DMTs within the given healthcare/payer sys-
tem.15 Health authorities and/or payers often 
require that first-line therapy for MS is a relatively 
safe DMT with low to moderate efficacy, and 
escalation of therapy to high-efficacy DMT is 
reserved for patients who fail the initial DMT.16–18 
First-line therapy is often one of the BRACETD 
group of DMTs, consisting of interferon beta, 
glatiramer acetate, teriflunomide, or dimethyl 
fumarate.

An alternative strategy is the use of high-efficacy 
DMTs as a first-line treatment option. This is 
already an established treatment strategy in oncol-
ogy and rheumatology practice.19,20 Early use of 
high-efficacy drugs, including the ‘induction’ 
strategy (e.g. early and brief use of a high-efficacy 
DMT followed by maintenance with a lower-effi-
cacy DMT with less safety risk), has traditionally 
been applied only to individuals who present with 
a highly aggressive course of early MS.16–18,21 
However, early MS is characterized in many 
patients by accumulation of inflammatory lesions 
that are associated with a greater risk of progres-
sive MS after a period of time. Early MS is now 
considered by many as a ‘therapeutic window’, 
that is, an opportunity for early and complete 
control of lesion development and relapses to pre-
vent the initiation of neurodegenerative processes 
and irreversible CNS damage.15,18,21,22 To take 
advantage of this therapeutic window, the use of 
high-efficacy drugs in early MS is growing.17,18,23,24 
A growing body of evidence from observational 
studies and subgroup analyses from randomized 

trials now supports the early use of high-efficacy 
DMTs in patients without highly active early MS, 
showing short- and long-term benefits for disease 
progression and disability accumulation.15,18,25,26

Natalizumab (TYSABRI®) is a high-efficacy 
DMT approved for the treatment of relapsing 
forms of MS on the basis of randomized clinical 
trials27,28 and real-world studies.29–39 Natalizumab 
has shown a high degree of disease control in 
patients as an early treatment option.23,40–42 
However, outcome data on long-term clinical 
benefits of natalizumab as a first-line therapy in 
comparison with lower-efficacy DMTs are still 
limited. Natalizumab is associated with a risk of 
progressive multifocal leukoencephalopathy 
(PML), a rare but potentially lethal disease 
caused by infection of the CNS by the John 
Cunningham virus (JCV).43,44 Risk stratification 
and patient monitoring guidelines have been 
developed to inform the decision to initiate or dis-
continue natalizumab.45

We evaluated long-term clinical outcomes in 
patients with a first diagnosis of clinically definite 
MS who initiated treatment with natalizumab in 
comparison with those who initiated treatment 
with a BRACETD therapy, regardless of whether 
patients discontinued or switched therapy after 
the initial treatment period. This analysis utilizes 
retrospective data from MSBase to create a 
weighted population, balanced across baseline 
covariates, which allows comparison of first-line 
natalizumab DMT to first-line BRACETD 
DMT. A subgroup analysis investigated treat-
ment effect differences that might arise from the 
common scenario of patients in the BRACETD 
group who escalated therapy after 6 months of 
treatment with their index DMT.

Methods

Study design and patients
Data were collected from patients initiating ther-
apy since the initiation of the MSBase registry in 
2001, with data extraction on 2 November 2020. 
To meet the criteria for inclusion, patients had a 
diagnosis of clinically definite MS46; had initi-
ated (index) treatment either with natalizumab 
(natalizumab patients) or with interferon  
beta-1b (BETAFERON®/BETASERON [US]®/
EXTAVIA®), subcutaneous interferon beta-1a 
(Rebif®), intramuscular interferon beta-1a 
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(AVONEX®), glatiramer acetate (COPAXONE®), 
teriflunomide (AUBAGIO®), or dimethyl fuma-
rate (TECFIDERA®), collectively termed 
BRACETD, within 1 year of MS diagnosis; were 
⩾18 years of age at the initiation of index therapy; 
had a treatment duration of the index therapy for 
⩾6 months, after which patients could switch to 
an alternative DMT or discontinue treatment; 
and had a minimum follow-up time of ⩾60 months 
from initiation of index therapy to the last availa-
ble clinical assessment or discontinuation of last 
therapy. Patients were excluded if they had 
received prior treatment with any MS DMT 
(including during participation in randomized 
clinical trials), or if they had <6 months of index 
therapy treatment.

The baseline of each patient was defined at the 
time of initiation of first-line treatment (natali-
zumab or BRACETD). Exposure to index ther-
apy (administration of first-line treatment) is 
defined as time between index-therapy initiation 
and discontinuation of first-line treatment. Total 
follow-up time is defined as time between index-
therapy initiation and last available Expanded 
Disability Status Scale (EDSS) measurement 
date or discontinuation of last therapy, whichever 
occurred last (regardless of index-therapy admin-
istration). Follow-up time after discontinuation 
was defined as time between index-therapy dis-
continuation and last available EDSS measure-
ment date or discontinuation of last therapy, 
whichever occurred last (regardless of index-ther-
apy administration).

Outcomes and assessments
Study outcomes included relapse, assessed as 
unadjusted annualized relapse rates (ARRs); con-
firmed disability improvement (CDI), defined as 
a decrease of ⩾1 point from a baseline EDSS 
score of ⩾2.0 and confirmed after ⩾24 weeks; 
and confirmed disability worsening (CDW), 
defined as an increase of ⩾0.5 point from a base-
line EDSS score of >5.5, ⩾1.0 point for those 
with a baseline EDSS score between 1.0 and 5.5, 
inclusive, and ⩾1.5 points for those with a base-
line EDSS score of 0, confirmed after ⩾24 weeks. 
All outcomes were calculated from the initiation 
of first-line treatment (natalizumab or 
BRACETD) to the end of follow-up.

Statistical analysis
Patients who received natalizumab or BRACETD 
index therapy were 1:1 propensity score-matched 
for age, MS disease duration, relapses in the prior 
year, relapses in the prior year requiring steroid 
treatment or hospitalization, and EDSS score (all 
at the time of index-therapy initiation), as well as 
sex until pairwise standardized differences were 
acceptably low (Supplemental Table 1).

Times to first relapse, first CDI, and first CDW 
were estimated using Kaplan-Meier methods. 
Hazard ratios (HRs) for natalizumab versus 
BRACETD patients were based on a Cox regres-
sion model with treatment as the classification 
variable.

The primary analysis population was defined as 
all patients receiving at least 6 months of either 
natalizumab or BRACETD and having an addi-
tional minimal follow-up time of 60 months from 
initiation of first-line treatment to end of follow-
up. A subgroup included patients in the 
BRACETD group with 60 months of follow-up 
and at least 6 months of BRACETD with an esca-
lation therapy taken before 36 months.

Results

Patients
As of 2 November 2020, 12,033 patients who ini-
tiated treatment with BRACETD and 360 
patients who initiated treatment with natalizumab 
met the inclusion criteria for this study. Baseline 
characteristics for the entire unmatched popula-
tion are presented in Supplemental Table 2. After 
1:1 propensity score matching, 355 BRACETD 
patients were matched to 355 natalizumab 
patients. The baseline characteristics of the two 
matched groups did not display significant differ-
ences (Table 1). The mean age at initiation of 
index treatment was 34 years, and 61.4% of this 
population were female. Patients on average had 
about 2.5–2.8 years of disease duration and a 
median EDSS score of 2.5. In the previous year, 
the mean (SD) numbers of relapses were 1.27 
(1.10) for the natalizumab group and 1.20 (1.01) 
for the BRACETD group. Mean (SD) follow-up 
was 4.48 (2.68) years for the natalizumab patients 
and 5.12 (3.99) years for the BRACETD patients.

https://journals.sagepub.com/home/tan
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Outcomes
Relapses.  Patients initiating natalizumab in the 
intent-to-treat population were less likely to expe-
rience a relapse over the duration of follow-up. 
Natalizumab patients experienced 215 relapses 
over a cumulative 2685 on-treatment follow-up 
years, whereas BRACETD patients experienced 
788 relapses over 4128 years of on-treatment fol-
low-up. The resulting ARRs [95% confidence 
interval (CI)] were 0.080 (0.070–0.092) for natal-
izumab patients and 0.191 (0.178–0.205) for 
BRACETD patients (p < 0.0001; Table 2). The 
Cox regression model for the calculated time-to-
first relapse showed a reduced risk of relapse for 
natalizumab patients, with a HR (95% CI) of 0.52 
(0.42–0.65; p < 0.001) for natalizumab patients 

(Table 3). Kaplan-Meier estimates for the esti-
mated proportion of relapse-free patients over 
15 years are shown in Figure 1.

Disability outcomes.  The 6-month CDW out-
comes were similar between treatment groups, but 
favored natalizumab numerically [HR for natali-
zumab (n = 355) versus BRACETD (n = 355) = 0.88; 
95% CI: 0.64–1.22; p = 0.449; Table 3]. The time 
to 6-month CDI, however, significantly favored 
natalizumab [HR for natalizumab (n = 256) versus 
BRACETD (n = 253) = 1.55; 95% CI: 1.13–2.13; 
p = 0.007]. Kaplan-Meier estimates for the esti-
mated proportion of patients experiencing a pro-
gression event or improvement event over 15 years 
are shown in Figures 2 and 3.

Table 1.  Baseline characteristics of 1:1 propensity score-matched cohorts.

Factors included in the derivation of the 
propensity score

Category Natalizumab 
(n = 355)

BRACETD (n = 355) Standardized 
difference

Age (years), mean (SD) 34.19 (10.70) 34.88 (10.78) −0.064

Sex, n (%) Female 218 (61.4) 218 (61.4) 0.000

Male 137 (38.6) 137 (38.6)

Disease duration (years), mean (SD) 2.54 (4.26) 2.79 (4.18) −0.059

EDSS score, median (IQR) 2.5 (1.5–4) 2.5 (1.5–4) −0.092

Relapses in prior year, mean (SD) 1.27 (1.10) 1.20 (1.01) 0.069

Relapses in prior year requiring steroids or 
hospitalization, mean (SD)

0.63 (0.81) 0.64 (0.81) −0.01

Country Australia 158 (44.5) 133 (37.5) −0.129

Belgium 10 (2.8) 22 (6.2)

Canada 41 (11.6) 47 (13.2)

Czech Republic 10 (2.8) 19 (5.4)

Spain 22 (6.2) 29 (8.2)

Italy 24 (6.8) 23 (6.5)

Kuwait 29 (8.2) 4 (1.1)

Netherlands 4 (1.1) 9 (2.5)

Turkey 1 (0.3) 32 (9.0)

United States 15 (4.2) 8 (2.3)

Other 41 (11.6) 29 (8.2)

BRACETD, interferon beta, glatiramer acetate, teriflunomide, or dimethyl fumarate; EDSS, Expanded Disability Status Scale; IQR, interquartile 
range.
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Treatment discontinuation and switching.  In the 
overall population, 67.8% (244/360) of natali-
zumab users and 82.3% (9911/12,033) of the 
BRACETD group reported discontinuing treat-
ment within the follow-up period. The reason 
for discontinuation was not reported in 33.2% 
and 43.2% of cases, respectively. However, 
among all discontinuations, the most common 
reason for discontinuing natalizumab was a 
scheduled stop (33.2) and for discontinuing 
BRACETD, lack of improvement (15.9%; Sup-
plemental Table 3). The timing and reasons for 
scheduled stops were at the discretion of the 
treating physician.

DMT switches were recorded in the matched 
groups to know which therapies patients from 
each group may have switched to after at least 
6 months on their index DMT (Tables 4 and 5). 

Within the matched groups, the natalizumab 
group was less likely to report a switch in treat-
ment during follow-up (56.9% of patients did not 
have a recorded switch from the natalizumab 
group, in comparison with 30.7% from the 
BRACETD group). The BRACETD group was 
more likely to laterally switch to another moder-
ate-efficacy DMT than to escalate treatment 
(57.7% versus 42.3%, respectively). The percent-
age of those who switched with an escalation 
increased during the second switch to 55.7%. 
The natalizumab group was more likely to switch 
to another high-efficacy DMT for both the first 
switch (75.8% of first switches) and the second 
switch (83.8% of second switches). It should be 
noted that for both index-therapy groups, the 
most popular first-switch DMT was fingolimod 
(22.8% for the BRACETD group and 43.8% for 
the natalizumab group).

Table 2.  Relapse outcomes.

Group Count of on-
treatment relapses

On-treatment 
follow-up years

ARR (95% CI) p-Valuea

Natalizumab (n = 355) 215 2684.56 0.080 (0.070–0.092) –

BRACETD (n = 355) 788 4128.01 0.191 (0.178–0.205) <0.0001

BRACETD + escalation (n = 90)b 224 938.66 0.239 (0.208–0.272) <0.001

aVersus natalizumab.
bSubgroup analysis of BRACETD patients who escalated to a high-efficacy DMT. Time on treatment refers to time on 
BRACETD DMT and does not include time on subsequent DMT.
ARR, annualized relapse rate; BRACETD, interferon beta, glatiramer acetate, teriflunomide, or dimethyl fumarate; CI, 
confidence interval.

Table 3.  Time to event analyses.

Outcome (natalizumab versus 
BRACETD)

1:1 propensity score matcheda Subgroup analysisb

HR (95% CI) p-Value HR (95% CI) p-Value

Time-to-first relapse 0.52 (0.42–0.65) <0.001 0.44 (0.32–0.60) <0.001

Time-to-first 6-month CDW 0.88 (0.64–1.22) 0.449 0.63 (0.40–0.99) 0.045

Time-to-first 6-month CDI 1.55 (1.13–2.13) 0.007 1.20 (0.73–1.98) 0.464

Bold values indicate statistically significant results.
aMatched populations were n = 355 for each group, except for the CDI analysis where n = 256 and n = 253 for natalizumab  
and BRACETD, respectively.
bMatched populations were n = 355 for natalizumab and n = 90 for BRACETD, except for the CDI analysis where n = 256 and 
n = 61, respectively.
BRACETD, interferon beta, glatiramer acetate, teriflunomide, or dimethyl fumarate; CDI, confirmed disability 
improvement; CDW, confirmed disability worsening; CI, confidence interval; HR, hazard ratio.
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Subgroup analyses
To investigate the possible treatment outcome 
differences in common discontinuation scenarios, 
we compared a BRACETD patient subgroup 
switching from index therapy within 36 months. 
In this analysis, the 355 natalizumab patients 
were compared to a subgroup of 90 BRACETD 

patients with at least 6 months of BRACETD, 
who then escalated therapy within 36 months. 
Baseline characteristics for these groups were 
similar (Supplemental Table 4). Relapse out-
comes for the BRACETD subgroup that esca-
lated therapy within 36 months were worse than 
those for the whole BRACETD group 

Figure 1.  Estimated proportion of relapse-free patients.
BRACETD, interferon beta, glatiramer acetate, teriflunomide, or dimethyl fumarate.

Figure 2.  Estimated proportion of progression-free patients.
BRACETD, interferon beta, glatiramer acetate, teriflunomide, or dimethyl fumarate.

https://journals.sagepub.com/home/tan
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and significantly worse in comparison with the 
natalizumab group, with an ARR of 0.239 (95% 
CI: 0.208–0.272; p < 0.001 in comparison with 
the natalizumab group) (Tables 2 and 3). The 
time-to-first relapse analysis showed a significant 
risk for the BRACETD subgroup in comparison 
with the natalizumab group, with an HR = 0.44 
(95% CI: 0.32–0.60; p < 0.001). Although the 
BRACETD subgroup was more likely to experi-
ence a first 6-month CDW (HR = 0.63 for natali-
zumab versus BRACETD; 95% CI: 0.40–0.99; 
p = 0.045), there was no significant difference in 
achieving CDI (HR = 1.20; 95% CI: 0.73–1.98; 
p = 0.464).

Discussion
This retrospective observational analysis of pro-
pensity score-matched patients from the MSBase 
registry showed that patients who initiate natali-
zumab treatment within 6 months of their MS 
diagnosis saw long-term benefits over at least 
60 months of follow-up when compared with 
patients who initiated a BRACETD therapy. The 
ARR in the natalizumab cohort was lower over 
the duration of follow-up, and Cox proportional 
hazard modeling showed a reduced risk of relapse 
and a shorter time to CDI. Disability worsening 
(CDW), however, was similar between groups 
over 15 years.

In the escalation approach to choosing an initial 
therapy, low/moderate-efficacy DMTs are likely 
to be the initial treatment option for most patients, 
whereas high-efficacy DMTs are reserved as first-
line treatments for patients with a highly active 
disease presentation. Through the process of 1:1 
propensity score matching, the BRACETD group 
was likely enriched with patients with higher dis-
ease activity, as evidenced by an increase in the 
baseline mean relapses in the prior year from 1.05 
before matching to 1.20 after matching and an 
increase in median EDSS score from 2.0 to 2.5. 
In the context of this matched population, the 
patients in the BRACETD group could have 
been candidates for treatment initiation with a 
high-efficacy DMT instead. The difference in 
relapse outcomes observed for these matched 
populations highlights benefit of high-efficacy 
DMT options as first-line therapy for patients 
newly diagnosed with MS.

By not censoring patients after a therapy switch, 
this analysis investigated long-term benefits of 
early initiation of natalizumab in controlling dis-
ease, regardless of subsequent DMT choices. 
Although there may be a variety of reasons for 
switching therapies after 6 months of treatment, 
historical observations suggest common scenarios 
for each group. For instance, patients from the 
BRACETD group would only be expected to 

Figure 3.  Estimated proportion of patients with improvement.
BRACETD, interferon beta, glatiramer acetate, teriflunomide, or dimethyl fumarate.
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switch or escalate therapies if their index therapy 
proved to be ineffective. In the matched 
BRACETD group, the majority (57.7%) of 
patients switched laterally to another low/moder-
ate-efficacy DMT, indicating that disease activity 
did not warrant escalation or was not the primary 
concern. This is supported by data from this 
study, because even though the most commonly 
reported reason for index-therapy discontinua-
tion within the overall BRACETD was ‘lack of 
improvement’, it only represented 27.9% 
(1572/5633) of cases with a known discontinua-
tion reason. If in addition to ‘lack of improve-
ment’, one considers ‘MRI (magnetic resonance 
imaging) activity’, ‘persistence of relapse’, and 
‘progression of disease’ as evidence of a lack of 
effectiveness, then 42.3% (2385/5633) of 
BRACETD patients, but only 11.7% (19/163) of 

natalizumab patients, with a known discontinua-
tion reason could be considered to have discon-
tinued their index therapy because of ineffective 
treatment. Interestingly, 42.3% of BRACETD 
patients from the matched group switched to 
high-efficacy therapy after discontinuing their 
index therapy.

Within the overall natalizumab group, 49.7% 
(81/163) of the discontinuations with a known 
reason were attributed to a ‘scheduled stop’. 
Although the timing and reasons for scheduled 
stops were at the discretion of the treating physi-
cian, concern related to the development of PML 
has been the most common reason for natali-
zumab discontinuation in recent observational 
studies.29–31 Data for the natalizumab group were 
collected starting from 2004, when natalizumab 

Table 4.  Post-index DMT switch matrices for the BRACETD group (n = 355).

Post-BRACETD DMT Post-index BRACETD DMT number

1 2 3 4 5 6

Alemtuzumab 7 8 7 4 0 0

Interferon beta-1a (AVONEX) 17 10 7 2 1 1

Interferon beta-1b 20 10 8 1 0 0

Cladribine 1 1 0 0 0 0

Dimethyl fumarate 15 6 5 2 1 0

Fingolimod 56 38 13 10 3 1

Glatiramer 33 17 10 0 1 2

Natalizumab 37 24 9 8 3 2

Ocrelizumab 3 6 4 2 2 0

Peginterferon beta-1a 6 0 1 0 1 0

Interferon beta-1a (Rebif) 35 16 6 2 0 1

Rituximab 0 1 0 1 1 0

Teriflunomide 16 3 3 7 1 0

Total 246 140 73 39 14 7

High efficacy, % 42.3 55.7 45.2 64.1 64.3 42.9

Moderate efficacy, % 57.7 44.3 54.8 35.9 35.7 57.1

High-efficacy group: Alemtuzumab, cladribine, fingolimod, natalizumab, ocrelizumab, rituximab. Moderate-efficacy group: 
Interferon beta-1a (AVONEX), interferon beta-1b, dimethyl fumarate, glatiramer, peginterferon beta-1a, interferon beta-1a 
(Rebif), teriflunomide.
BRACETD, interferon beta, glatiramer acetate, teriflunomide, or dimethyl fumarate; DMT, disease-modifying therapy.
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was approved for use in treating MS, but it was 
not until 2012 when assays became available for 
evaluating JCV serostatus, an important marker 
for PML risk. Prior to treatment guidelines that 
became available in 2016 that considered both 
natalizumab exposure and quantitative JCV 
index,44 a common strategy for PML prevention 
was to simply limit exposure to natalizumab, 
hence a scheduled stop. Therefore, it is likely that 
the high prevalence of this discontinuation reason 
in this study is related to management of PML 
risk for patients treated before updated guidelines 
and JCV antibody assays were available.

To investigate the possible differences resulting 
from a strategy of BRACETD group treatment 
switch to high-efficacy DMT versus first-line 
natalizumab, we compared the entire matched 

natalizumab population with 90 patients in the 
matched BRACETD cohort who were treated 
with at least 6 months of their index DMT but 
escalated within 36 months of initiation to a high-
efficacy DMT. This scenario likely enriches the 
matched BRACETD subgroup with patients who 
switched because of the ineffectiveness of their 
index DMT. Regardless of which high-efficacy 
DMT the patients switched to, or how many sub-
sequent switches were made, patients who initi-
ated therapy with natalizumab saw benefits in 
relapse control overall, and HRs indicated that 
CDW was more likely in the BRACETD sub-
group than in the natalizumab group, different to 
the primary analysis.

Relapse outcomes for either the overall 
BRACETD group, and especially the BRACETD 

Table 5.  Post-index DMT switch matrices for the natalizumab group (n = 355).

Post-natalizumab DMT Post-index natalizumab DMT number

1 2 3 4 5 6

Alemtuzumab 18 19 5 5 0 0

Interferon beta-1a (AVONEX) 3 0 0 0 0 0

Interferon beta-1b 0 0 0 0 1 0

Cladribine 1 0 0 0 0 0

Dimethyl fumarate 13 8 4 0 2 0

Daclizumab 2 0 0 0 0 0

Fingolimod 67 17 6 5 0 0

Glatiramer 13 2 2 1 2 0

Natalizumab 1 11 11 3 2 3

Ocrelizumab 20 8 6 0 1 1

Interferon beta-1a (Rebif) 4 0 1 0 0 0

Rituximab 7 7 4 3 2 0

Teriflunomide 4 2 0 0 0 0

Total 153 74 39 17 10 4

High efficacy, % 75.8 83.8 82.1 94.1 50.0 100.0

Moderate efficacy, % 24.2 16.2 17.9 5.9 50.0 0.0

High-efficacy group: Alemtuzumab, cladribine, daclizumab, fingolimod, natalizumab, ocrelizumab, rituximab. Moderate-
efficacy group: Interferon beta-1a (AVONEX), interferon beta-1b, dimethyl fumarate, glatiramer, peginterferon beta-1a, 
interferon beta-1a (Rebif), teriflunomide.
DMT, disease-modifying therapy.
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escalation group, were worse than for the overall 
natalizumab population. Similar findings have 
previously been demonstrated for comparisons of 
early versus delayed high-efficacy DMT escalation 
(as a group comprising fingolimod, natalizumab, 
and alemtuzumab) in two seminal papers assess-
ing either 6-month CDW23 or time to secondary 
progressive MS onset.24

A limitation to the overall analysis is the lack of 
alternative disease activity measures on CNS 
inflammation and neurodegeneration that can be 
used to compare long-term effects of early versus 
late DMT initiation paradigms. Although the 
DMTs studied may reduce relapses, the compar-
ative physical protection from CNS damage 
offered by these DMTs remains unmeasured. As 
a clinical event, relapses reflect disease activity, 
and long-term disability may be correlated with 
relapse rate and severity. However, changes in 
brain volume and other MRI measures, along 
with the accumulation of disability and the rate of 
transition into progressive MS, could offer even 
more insight into the long-term advantages of 
early, aggressive treatment,26,47 and could also be 
used to improve baseline matching as baseline 
MRI lesion load in both brain and spinal cord is a 
likely variable in DMT choice decision-making. 
An additional limitation of the analysis is the 
reduction in sample size due to propensity score 
matching. For example, although a large number 
of patients from Turkey and Kuwait were 
included in the unmatched population (2157 and 
473, respectively), only 33 patients from Turkey 
and 33 from Kuwait were included following pro-
pensity score matching; this was likely due to the 
unevenness of the contribution of these countries 
to the two subgroups, with only one patient from 
Turkey in the unmatched natalizumab cohort 
compared with 2156 in the BRACETD cohort.

Although this study reports an improvement in 
MS relapse outcomes, it is also important to con-
sider the accumulation of disability in MS that 
occurs independent of relapse activity. There is a 
growing body of evidence which suggests that 
most disability accumulation in  relapsing-remit-
ting MS (RRMS) is not associated with relapses, 
demonstrating an underlying worsening of dis-
ease in RRMS patients even when relapse activity 
appears well controlled.2,48–50 Although shortened 
time to CDI was seen in the early natalizumab 
cohort, CDW was similar in both groups over 

15 years. This study reports disability progression 
through changes in overall EDSS, however assess-
ing composite confirmed disability progression 
through upper and lower extremity function may 
provide more information on disability progres-
sion than EDSS alone.50

The same logic that led to an early intervention par-
adigm with frequent monitoring for treatment esca-
lation, in which ‘time is brain’, also supports the 
early use of high-efficacy DMTs for treating RRMS. 
The benefit-risk profile of high-efficacy therapies 
should always be considered when making treat-
ment decisions for newly diagnosed patients. Data 
showing the advantage of initiating high-efficacy 
therapies at diagnosis in terms of long-term disabil-
ity progression will always be limited to observa-
tional studies, and longitudinal studies investigating 
the long-term risk profiles of many new, high-effi-
cacy DMTs are still underway. To help bridge this 
data gap, two large randomized clinical trials have 
been initiated to test the impact of early high-effi-
cacy versus escalation approaches (ClinicalTrials.
gov NCT03535298 [DELIVER-MS] and 
NCT03500328 [TREAT-MS]). These rand-
omized prospective studies include several disease 
measures, in addition to relapse outcomes, includ-
ing MRI and various disability measurements, but 
remain short-term in nature. Studies spanning more 
than 5 years will always require real-world data 
sources, preferably prospectively acquired registry 
data with agreed common datasets.

Natalizumab is a highly effective choice as an ini-
tial DMT following a diagnosis of MS. Specifically, 
natalizumab has a rapid and reversible onset, 
demonstrates high efficacy in patients with early 
MS, and has a relatively low risk of PML within 
the first few years of use.23,40,41,43,44 Although the 
main safety concern for natalizumab is the risk of 
PML, risk stratification guidelines45 and extended 
interval dosing regimens51 reduce this risk and 
extend the amount of time an individual can safely 
utilize this highly efficacious DMT, in particular 
for JCV antibody negative populations. Long-
term safety data now extends to over 10 years in 
the Tysabri Observational Program (TOP)  study, 
and no safety concerns beyond PML have 
emerged.29 Furthermore, natalizumab can be ini-
tiated without delay, because effective vaccination 
can be achieved subsequent to initiating natali-
zumab treatment, whereas there can be a need to 
delay the initiation of other high-efficacy DMTs 
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for a month or more owing to their impact on vac-
cination efficacy once initiated.52

Conclusion
In conclusion, this observational study shows that 
a treatment strategy with early initiation of natali-
zumab produced long-term benefits in compari-
son with early initiation of BRACETD, regardless 
of subsequent potential switches in therapy. 
Patients who initiated natalizumab within 
6 months of their MS diagnosis had lower ARR 
over the duration of follow-up than patients who 
initiated a BRACETD therapy, with Cox propor-
tional hazard modeling showing a reduced risk of 
relapse and shorter time to CDI in the natali-
zumab cohort. Though some patients may not be 
good candidates for natalizumab treatment 
because of safety concerns, the introduction of 
other high-efficacy DMTs to the MS treatment 
landscape has expanded treatment options, and a 
shift away from the escalation paradigm is increas-
ingly adopted.17

Declarations

Ethics approval and consent to participate
The MSBase registry prospectively collects dis-
ease-related information from MS treatment cent-
ers using an internet-based, physician-owned and 
-operated system (www.msbase.org; registered 
with the World Health Organization International 
Clinical Trials Registry Platform, identification 
number ACTRN12605000455662). Informed 
consent from all patients was acquired according 
to local laws and is required for participation in 
MSBase. The MSBase project has received 
human research ethics committee approval or 
exemption at each contributing center. This ret-
rospective study reviewed patient data from 
MSBase, a global, longitudinal, observational 
registry for MS.

Consent for publication
Not applicable.

Author contributions
Helmut Butzkueven: Conceptualization; 
Formal analysis; Investigation; Methodology; 
Writing – review & editing.

Tomas Kalincik: Investigation; Writing – review 
& editing.

Francesco Patti: Investigation; Writing – review 
& editing.

Mark Slee: Investigation; Writing – review & 
editing.

Bianca Weinstock-Guttman: Investigation; 
Writing – review & editing.

Katherine Buzzard: Investigation; Writing – 
review & editing.

Olga Skibina: Investigation; Writing – review & 
editing.

Raed Alroughani: Investigation; Writing – 
review & editing.

Alexandre Prat: Investigation; Writing – review 
& editing.

Marc Girard: Investigation; Writing – review & 
editing.

Dana Horakova: Investigation; Project adminis-
tration; Writing – review & editing.

Eva Kubala Havrdova: Investigation; Writing 
– review & editing.

Anneke Van der Walt: Investigation; Writing – 
review & editing.

Sara Eichau: Investigation; Writing – review & 
editing.

Robert Hyde: Conceptualization; Writing – 
review & editing.

Nolan Campbell: Conceptualization; Writing – 
review & editing.

Karthik Bodhinathan: Conceptualization; 
Formal analysis; Writing – review & editing.

Tim Spelman: Conceptualization; Formal  
analysis; Investigation; Methodology; Writing – 
review & editing.

Acknowledgements
This manuscript is dedicated to our valued col-
league Dr. Yara Fragoso, who sadly passed away 
during the development of this manuscript. Luke 
Ward, PhD, of Ashfield MedComms 
(Middletown, CT, USA), an Inizio Company, 
assisted with drafting the manuscript. Celia 
Nelson of Ashfield MedComms edited and styled 
the manuscript per journal requirements and sub-
mitted the manuscript on behalf of the authors. 
Biogen funded medical writing and editorial sup-
port in the development of this manuscript. The 

https://journals.sagepub.com/home/tan
www.msbase.org


Therapeutic Advances in 
Neurological Disorders Volume 17

12	 journals.sagepub.com/home/tan

authors had full editorial control and provided 
final approval of all content.

Funding
The authors disclosed receipt of the following 
financial support for the research, authorship, 
and/or publication of this article: This work was 
supported by Biogen, which provided funding for 
these analyses, which were conducted by MSBase. 
Biogen reviewed and provided feedback on the 
manuscript to the authors. The authors had full 
editorial control and provided final approval of all 
content.

Competing interests
HB received institutional (Monash University) 
funding from Biogen, F. Hoffmann-La Roche 
Ltd, Merck, Alexion, CSL, and Novartis; has car-
ried out contracted research for Novartis, Merck, 
F. Hoffmann-La Roche Ltd, and Biogen; has 
taken part in speakers’ bureaus for Biogen, 
Genzyme, UCB, Novartis, F. Hoffmann-La 
Roche Ltd, and Merck; has received personal 
compensation from Oxford Health Policy Forum 
for the Brain Health Steering Committee. TK 
served on scientific advisory boards for MS 
International Federation and World Health 
Organization, BMS, Roche, Janssen, Sanofi 
Genzyme, Novartis, Merck, and Biogen; steering 
committee for Brain Atrophy Initiative by Sanofi 
Genzyme; received conference travel support 
and/or speaker honoraria from WebMD Global, 
Eisai, Novartis, Biogen, Roche, Sanofi-Genzyme, 
Teva, BioCSL, and Merck; and received research 
or educational event support from Biogen, 
Novartis, Genzyme, Roche, Celgene, and Merck. 
FP received personal compensation for serving on 
advisory boards from Almirall, Alexion, Biogen, 
Bristol, Berck, Novartis, and Roche; received 
research grants from Biogen, Merck, Roche, 
FISM, Reload Association (Onlus), Italian Health 
Minister, and University of Catania. MS has par-
ticipated in, but not received honoraria for, advi-
sory board activity for Biogen, Merck, Bayer 
Schering, Sanofi Aventis, and Novartis. BW-G 
has participated in speaker’s bureaus and/or 
served as a consultant for Biogen, EMD Serono, 
Novartis, Genentech, Celgene/Bristol Meyers 
Squibb, Sanofi Genzyme, Bayer, Janssen, and 
Horizon; has received grant/research support 
from Biogen, EMD Serono, Novartis, Genentech, 
Celgene/Bristol Meyers Squibb, Sanofi Genzyme, 
Bayer, Janssen, and Horizon; and serves on the 
editorial boards for BMJ Neurology, Children, 

CNS Drugs, MS International, and Frontiers 
Epidemiology. KB received honoraria and consult-
ing fees from Biogen, Teva, Novartis, Genzyme-
Sanofi, Roche, Merck, CSL, and Grifols. OS 
received honoraria and consulting fees from Bayer 
Schering, Novartis, Merck, Biogen, and Genzyme. 
RA received honoraria as a speaker and for serv-
ing on scientific advisory boards from Bayer, 
Biogen, GSK, Merck, Novartis, Roche, and 
Sanofi-Genzyme. AP did not report any financial 
conflicts of interest. MG received consulting fees 
from Teva Canada Innovation, Biogen, Novartis, 
and Genzyme Sanofi; lecture payments from 
Teva Canada Innovation, Novartis, and EMD; 
has received a research grant from Canadian 
Institutes of Health Research. DH was supported 
by the Charles University: Cooperatio Program in 
Neuroscience, by the project National Institute 
for Neurological Research (Programme 
EXCELES, ID Project No. LX22NPO5107) 
funded by the European Union; Next Generation 
EU; and by General University Hospital in Prague 
(project MH CZ-DRO-VFN64165); received 
compensation for travel, speaker honoraria, and 
consultant fees from Biogen Idec, Novartis, 
Merck, Bayer, Sanofi Genzyme, Roche, and 
Teva, as well as support for research activities 
from Biogen Idec. EKH received honoraria/
research support from Biogen, Merck Serono, 
Novartis, Roche, and Teva; has been a member 
of advisory boards for Actelion, Biogen, Celgene, 
Merck Serono, Novartis, and Sanofi Genzyme; 
received honoraria/research support from Biogen, 
Merck Serono, Novartis, Roche, and Teva; has 
been member of advisory boards for Actelion, 
Biogen, Celgene, Merck Serono, Novartis, and 
Sanofi Genzyme; and has been supported by the 
Czech Ministry of Education – project Cooperatio 
LF1, research area Neuroscience, and the project 
National Institute for Neurological Research 
(Programme EXCELES, ID Project No. 
LX22NPO5107) – funded by the European 
Union–Next Generation EU. AW served on advi-
sory boards and receives unrestricted research 
grants from Novartis, Biogen, Merck, and Roche; 
has received speaker’s honoraria and travel sup-
port from Novartis, Roche, and Merck; receives 
grant support from the National Health and 
Medical Research Council of Australia and MS 
Research Australia. SE received speaker hono-
raria and consultant fees from Biogen Idec, 
Novartis, Merck, Bayer, Sanofi Genzyme, Roche, 
and Teva. RH was employed by Biogen and may 
hold stock/stock options in Biogen. NC is an 

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


H Butzkueven, T Kalincik et al.

journals.sagepub.com/home/tan	 13

employee of and may hold stock/stock options in 
Biogen. KB was an employee of and may hold 
stock/stock options in Biogen. TS has received 
consulting fees and support for attending meet-
ings and/or travel from Biogen and Novartis.

Availability of data and materials
The clinical data for this study were obtained 
under a license agreement with MSBase (http://
www.msbase.org). However, no patient-level 
data were disclosed as part of the study. Therefore, 
all data relevant to the study are presented in this 
manuscript and Supplemental Information.

ORCID iDs
Helmut Butzkueven  https://orcid.org/0000- 
0003-3940-8727

Francesco Patti  https://orcid.org/0000- 
0002-6923-0846

Bianca Weinstock-Guttman  https://orcid.
org/0000-0001-6732-151X

Raed Alroughani  https://orcid.org/0000- 
0001-5436-5804

Anneke Van der Walt  https://orcid.
org/0000-0002-4278-7003

Supplemental material
Supplemental material for this article is available 
online.

References
	 1.	 Lublin FD, Häring DA, Ganjgahi H, et al. How 

patients with multiple sclerosis acquire disability. 
Brain 2022; 145: 3147–3161.

	 2.	 Kappos L, Wolinsky JS, Giovannoni G, et al. 
Contribution of relapse-independent progression vs 
relapse-associated worsening to overall confirmed 
disability accumulation in typical relapsing multiple 
sclerosis in a pooled analysis of 2 randomized 
clinical trials. JAMA Neurol 2020; 77: 1132–1140.

	 3.	 Leray E, Yaouanq J, Le Page E, et al. Evidence 
for a two-stage disability progression in multiple 
sclerosis. Brain 2010; 133: 1900–1913.

	 4.	 Miller AE, Wolinsky JS, Kappos L, et al. TOPIC 
Study Group. Oral teriflunomide for patients 
with a first clinical episode suggestive of multiple 
sclerosis (TOPIC): a randomised, double-blind, 
placebo-controlled, phase 3 trial. Lancet Neurol 
2014; 13: 977–986.

	 5.	 Lefort M, Vukusic S, Casey R, et al.; OFSEP 
Investigators. Disability progression in multiple 
sclerosis patients using early first-line treatments. 
Eur J Neurol 2022; 29: 2761–2771.

	 6.	 Noyes K and Weinstock-Guttman B. Impact of 
diagnosis and early treatment on the course of 
multiple sclerosis. Am J Manag Care 2013; 19: 
s321–s331.

	 7.	 Kavaliunas A, Manouchehrinia A, Stawiarz L, 
et al. Importance of early treatment initiation in 
the clinical course of multiple sclerosis. Mult Scler 
2017; 23: 1233–1240.

	 8.	 Stuve O, Bennett JL, Hemmer B, et al. 
Pharmacological treatment of early multiple 
sclerosis. Drugs 2008; 68: 73–83.

	 9.	 Kappos L, Freedman MS, Polman CH, et al. 
Long-term effect of early treatment with 
interferon beta-1b after a first clinical event 
suggestive of multiple sclerosis: 5-year active 
treatment extension of the phase 3 BENEFIT 
trial. Lancet Neurol 2009; 8: 987–997.

	10.	 Kappos L, Freedman MS, Polman CH, et al.; 
BENEFIT Study Group. Effect of early versus 
delayed interferon beta-1b treatment on 
disability after a first clinical event suggestive of 
multiple sclerosis: a 3-year follow-up analysis 
of the BENEFIT study. Lancet 2007; 370: 
389–397. 2007/08/07. DOI: 10.1016/S0140-
6736(07)61194-5.

	11.	 Comi G, Martinelli V, Rodegher M, et al. Effects 
of early treatment with glatiramer acetate in 
patients with clinically isolated syndrome. Mult 
Scler 2013; 19: 1074–1083.

	12.	 Edan G, Kappos L, Montalban X, et al.; Benefit 
Study Group. Long-term impact of interferon 
beta-1b in patients with CIS: 8-year follow-up of 
BENEFIT. J Neurol Neurosurg Psychiatry 2014; 
85: 1183–1189.

	13.	 Fujihara K. BENEFIT 8-year results provide 
further support for the long-term value of early 
treatment of multiple sclerosis. J Neurol Neurosurg 
Psychiatry 2014; 85: 1179.

	14.	 Newsome SD, Scott TF, Arnold DL, et al. Early 
treatment responses to peginterferon beta-1a are 
associated with longer-term clinical outcomes 
in patients with relapsing-remitting multiple 
sclerosis: subgroup analyses of ADVANCE and 
ATTAIN. Mult Scler Relat Disord 2022; 57: 
103367.

	15.	 Filippi M, Danesi R, Derfuss T, et al. Early 
and unrestricted access to high-efficacy disease-
modifying therapies: a consensus to optimize 

https://journals.sagepub.com/home/tan
www.msbase.org
https://orcid.org/0000-0003-3940-8727
https://orcid.org/0000-0003-3940-8727
https://orcid.org/0000-0002-6923-0846
https://orcid.org/0000-0002-6923-0846
https://orcid.org/0000-0001-6732-151X
https://orcid.org/0000-0001-6732-151X
https://orcid.org/0000-0001-5436-5804
https://orcid.org/0000-0001-5436-5804
https://orcid.org/0000-0002-4278-7003
https://orcid.org/0000-0002-4278-7003


Therapeutic Advances in 
Neurological Disorders Volume 17

14	 journals.sagepub.com/home/tan

benefits for people living with multiple sclerosis. J 
Neurol 2022; 269: 1670–1677.

	16.	 Merkel B, Butzkueven H, Traboulsee AL, et al. 
Timing of high-efficacy therapy in relapsing-
remitting multiple sclerosis: a systematic review. 
Autoimmun Rev 2017; 16: 658–665.

	17.	 Simpson A, Mowry EM and Newsome SD. Early 
aggressive treatment approaches for multiple 
sclerosis. Curr Treat Options Neurol 2021; 23: 19.

	18.	 Ontaneda D, Tallantyre E, Kalincik T, et al. 
Early highly effective versus escalation treatment 
approaches in relapsing multiple sclerosis. Lancet 
Neurol 2019; 18: 973–980.

	19.	 Ruggieri S, Pontecorvo S, Tortorella C, et al. 
Induction treatment strategy in multiple 
sclerosis: a review of past experiences and future 
perspectives. Mult Scler Demyelinating Disord 
2018; 3: 5.

	20.	 D’Amico E, Ziemssen T and Cottone S. 
Induction therapy for the management of early 
relapsing forms of multiple sclerosis. A critical 
opinion. Expert Opin Pharmacother 2017; 18: 
1553–1556.

	21.	 Prosperini L, Mancinelli CR, Solaro CM, et al. 
Induction versus escalation in multiple sclerosis: a 
10-year real world study. Neurotherapeutics 2020; 
17: 994–1004.

	22.	 Ransohoff RM, Hafler DA and Lucchinetti CF. 
Multiple sclerosis – a quiet revolution. Nat Rev 
Neurol 2015; 11: 134–142.

	23.	 He A, Merkel B, Brown JWL, et al.;  MSBase 
Study Group. Timing of high-efficacy therapy for 
multiple sclerosis: a retrospective observational 
cohort study. Lancet Neurol 2020; 19: 307–316.

	24.	 Brown JWL, Coles A, Horakova D, et al.; 
MSBase Study Group. Association of initial 
disease-modifying therapy with later conversion 
to secondary progressive multiple sclerosis. 
JAMA 2019; 321: 175–187.

	25.	 Campbell JD, McQueen RB, Miravalle A, et al. 
Comparative effectiveness of early natalizumab 
treatment in JC virus-negative relapsing-remitting 
multiple sclerosis. Am J Manag Care 2013; 19: 
278–285.

	26.	 Harding K, Williams O, Willis M, et al. Clinical 
outcomes of escalation vs early intensive disease-
modifying therapy in patients with multiple 
sclerosis. JAMA Neurol 2019; 76: 536–541.

	27.	 Polman CH, O’Connor PW, Havrdova E, et al.; 
AFFIRM Investigators. A randomized, placebo-
controlled trial of natalizumab for relapsing 

multiple sclerosis. N Engl J Med 2006; 354: 
899–910.

	28.	 Havrdova E, Galetta S, Hutchinson M, 
et al. Effect of natalizumab on clinical and 
radiological disease activity in multiple sclerosis: 
a retrospective analysis of the Natalizumab Safety 
and Efficacy in Relapsing-Remitting Multiple 
Sclerosis (AFFIRM) study. Lancet Neurol 2009; 
8: 254–260.

	29.	 Butzkueven H, Kappos L, Wiendl H, et al.; 
Tysabri Observational Program (TOP) 
Investigators. Long-term safety and effectiveness 
of natalizumab treatment in clinical practice: 
10 years of real-world data from the Tysabri 
Observational Program (TOP). J Neurol 
Neurosurg Psychiatry 2020; 91: 660–668.

	30.	 Horakova D, Uher T, Krasensky J, et al. Long-
term effectiveness of natalizumab on MRI 
outcomes and no evidence of disease activity in 
relapsing-remitting multiple sclerosis patients 
treated in a Czech Republic real-world setting: a 
longitudinal, retrospective study. Mult Scler Relat 
Disord 2020; 46: 102543.

	31.	 Perumal J, Balabanov R, Su R, et al. Natalizumab 
in early relapsing-remitting multiple sclerosis: 
a 4-year, open-label study. Adv Ther 2021; 38: 
3724–3742.

	32.	 Cohen M, Mondot L, Bucciarelli F, et al. 
BEST-MS: a prospective head-to-head 
comparative study of natalizumab and fingolimod 
in active relapsing MS. Mult Scler 2021; 27: 
1556–1563.

	33.	 Kalincik T, Brown JWL, Robertson N, et al. 
Treatment effectiveness of alemtuzumab 
compared with natalizumab, fingolimod, and 
interferon beta in relapsing-remitting multiple 
sclerosis: a cohort study. Lancet Neurol 2017; 16: 
271–281.

	34.	 Kalincik T, Jokubaitis V, Spelman T, et al. 
Cladribine versus fingolimod, natalizumab and 
interferon beta for multiple sclerosis. Mult Scler 
2018; 24: 1617–1626.

	35.	 Prosperini L, Sacca F, Cordioli C, et al. 
Real-world effectiveness of natalizumab and 
fingolimod compared with self-injectable drugs in 
non-responders and in treatment-naive patients 
with multiple sclerosis. J Neurol 2017; 264: 
284–294.

	36.	 Sharmin S, Lefort M, Andersen JB, et al. 
Natalizumab versus fingolimod in patients with 
relapsing-remitting multiple sclerosis: a subgroup 
analysis from three international cohorts. CNS 
Drugs 2021; 35: 1217–1232.

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


H Butzkueven, T Kalincik et al.

journals.sagepub.com/home/tan	 15

	37.	 Signori A, Sacca F, Lanzillo R, et al. Cladribine 
vs other drugs in MS: merging randomized 
trial with real-life data. Neurol Neuroimmunol 
Neuroinflamm 2020; 7: e878.

	38.	 Spelman T, Herring WL, Zhang Y, et al. 
Comparative effectiveness and cost-effectiveness 
of natalizumab and fingolimod in patients 
with inadequate response to disease-modifying 
therapies in relapsing-remitting multiple sclerosis 
in the United Kingdom. Pharmacoeconomics 2022; 
40: 323–339.

	39.	 Wiendl H, Spelman T, Butzkueven H, et al. 
Real-world disability improvement in patients 
with relapsing-remitting multiple sclerosis treated 
with natalizumab in the Tysabri Observational 
Program. Mult Scler 2021; 27: 719–728.

	40.	 Hutchinson M, Kappos L, Calabresi PA, et al.; 
AFFIRM and SENTINEL Investigators. The 
efficacy of natalizumab in patients with relapsing 
multiple sclerosis: subgroup analyses of AFFIRM 
and SENTINEL. J Neurol 2009; 256: 405–415.

	41.	 Kappos L, Belachew S, Butzkueven H, et al. 
Long-term safety and efficacy and association 
between baseline treatment history and 
postbaseline relapses in multiple sclerosis patients 
treated with natalizumab in the TYSABRI® 
Observational Program (TOP). Neurology 2012; 
78(Meeting Abstracts 1): P04.134.

	42.	 Iaffaldano P, Lucisano G, Caputo F, et al. Long-
term disability trajectories in relapsing multiple 
sclerosis patients treated with early intensive or 
escalation treatment strategies. Ther Adv Neurol 
Disord 2021; 14: 17562864211019574.

	43.	 Bloomgren G, Richman S, Hotermans C, et al. 
Risk of natalizumab-associated progressive 
multifocal leukoencephalopathy. N Engl J Med 
2012; 366: 1870–1880.

	44.	 Ho P-R, Koendgen H, Campbell N, et al. Risk 
of natalizumab-associated progressive multifocal 
leukoencephalopathy in patients with multiple 

sclerosis: a retrospective analysis of data from 
four clinical studies. Lancet Neurol 2017; 16: 
925–933.

	45.	 McGuigan C, Craner M, Guadagno J, 
et al. Stratification and monitoring of 
natalizumab-associated progressive multifocal 
leukoencephalopathy risk: recommendations from 
an expert group. J Neurol Neurosurg Psychiatry 
2016; 87: 117–125.

	46.	 Thompson AJ, Banwell BL, Barkhof F, et al. 
Diagnosis of multiple sclerosis: 2017 revisions of 
the McDonald criteria. Lancet Neurol 2018; 17: 
162–173.

	47.	 Filippi M, Amato MP, Centonze D, et al. Early 
use of high-efficacy diseasemodifying therapies 
makes the difference in people with multiple 
sclerosis: an expert opinion. J Neurol 2022; 269: 
5382–5394.

	48.	 Cree BA, Gourraud PA, Oksenberg JR, et al. 
Long-term evolution of multiple sclerosis 
disability in the treatment era. Ann Neurol 2016; 
80: 499–510.

	49.	 Cree BAC, Hollenbach JA, Bove R, et al. Silent 
progression in disease activity-free relapsing 
multiple sclerosis. Ann Neurol 2019; 85: 653–666.

	50.	 Kappos L, Butzkueven H, Wiendl H, et al. 
Greater sensitivity to multiple sclerosis disability 
worsening and progression events using a roving 
versus a fixed reference value in a prospective 
cohort study. Mult Scler 2018; 24: 963–973.

	51.	 Ryerson LZ, Foley J, Chang I, et al. Risk of 
natalizumab-associated PML in patients with 
MS is reduced with extended interval dosing. 
Neurology 2019; 93: e1452–e1462.

	52.	 Kaufman M, Pardo G, Rossman H, et al. 
Natalizumab treatment shows no clinically 
meaningful effects on immunization responses 
in patients with relapsing-remitting multiple 
sclerosis. J Neurol Sci 2014; 341: 22–27.

Visit Sage journals online 
journals.sagepub.com/
home/tan

  Sage journals

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

