
Vol.:(0123456789)

CNS Drugs (2023) 37:275–289 
https://doi.org/10.1007/s40263-022-00982-6

CORRECTION

Correction to: Improvements in Cognitive Processing Speed, 
Disability, and Patient‑Reported Outcomes in Patients with Early 
Relapsing‑Remitting Multiple Sclerosis Treated with Natalizumab: 
Results of a 4‑year, Real‑World, Open‑Label Study

Jai Perumal1 · Roumen Balabanov2 · Ray Su3 · Roger Chang3 · Laura J. Balcer4 · Steven L. Galetta4 · Robin L. Avila3 · 
Danette Rutledge3 · Robert J. Fox5

Published online: 13 February 2023 
© The Author(s)  2023

Abstract
Background  STRIVE was a prospective, 4-year, multicenter, observational, open-label, single-arm study of natalizumab 
treatment in anti-JC virus antibody-negative patients with early relapsing-remitting multiple sclerosis (RRMS).
Objective  Study objectives examined the effects of natalizumab on cognitive processing speed, confirmed disability improve-
ment (CDI), and patient-reported outcomes (PROs).
Methods  Clinical and PRO secondary endpoints were assessed annually over 4 years in STRIVE. The Symbol Digit Modali-
ties Test (SDMT) was used as a measure of cognitive processing speed. PROs were assessed using the Multiple Sclerosis 
Impact Score (MSIS-29) and the Work Productivity and Activity Impairment Questionnaire (WPAI).
Results  At all four annual assessments, the proportion of patients in the intent-to-treat (ITT) population (N = 222) who 
exhibited clinically meaningful improvement in their SDMT score from baseline (i.e., change ≥ 4 points) ranged from 41.9 
to 54.0%. The cumulative probability of CDI at 4 years in patients in the ITT population with a baseline Expanded Disability 
Status Scale score ≥ 2 (N = 133) was 43.9%. Statistically significant reductions in the mean change from screening in the 
MSIS-29 physical and psychological scores, indicating improved quality of life, were observed over all 4 years (P ≤ 0.0012 
for all). A statistically significant decrease from screening in the impact of MS on regular activities, signifying an improve-
ment in this WPAI measure, was also observed over all 4 years of the study.
Conclusion  These results further extend our knowledge of the effectiveness, specifically regarding improvements in cognitive 
processing speed, disability and PROs, of long-term natalizumab treatment in early RRMS patients.
Clinicaltrials.gov  NCT01485003 (5 December 2011)
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Study”, written by Jai Perumal, Roumen Balabanov, Ray Su, 
Roger Chang, Laura J. Balcer, Steven L. Galetta, Robin L. 
Avila, Danette Rutledge, Robert J. Fox was originally pub-
lished Online First without Open Access. After publication in 
volume 36, issue 9, pages 977–993 the author decided to opt 
for Open Choice and to make the article an Open Access pub-
lication. With the author(s)’ decision to opt for Open Choice 
the copyright of the article changed on 27th December 2022 
to The Author(s) 2022 and the article is forthwith distributed 
under a Creative Commons Attribution NonCommercial 4.0 
International License, which permits any non-commercial 
use, sharing, adaptation, distribution and reproduction in any 
medium or format, as long as you give appropriate credit to 
the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were 
made. The images or other third party material in this article 
are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material 
is not included in the article’s Creative Commons licence and 
your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by-​nc/4.​0/.

Key Points 

Prospective real-world studies examining the effect of 
long-term natalizumab treatment on cognitive process-
ing speed, disability, and patient-reported outcomes in 
patients with early relapsing-remitting multiple sclerosis 
are limited.

Over 4 years of treatment with natalizumab in STRIVE, 
patients with early relapsing-remitting multiple sclero-
sis experienced improvements in cognitive processing 
speed, disability, and patient-reported outcomes.

These results highlight the importance of assessing 
multiple outcomes measures, including clinical and 
patient-reported outcomes, to more completely capture 
the overall impact of a disease-modifying therapy on 
patients with relapsing-remitting multiple sclerosis.

1  Introduction

For patients with relapsing-remitting multiple sclerosis 
(RRMS), natalizumab is a highly efficacious treatment 
with respect to clinical, radiological, and patient-reported 
outcomes measures, as demonstrated in the phase 3 pivotal 
trial [1–4]. Data from the 10-year interim analysis of the 

TYSABRI Observational Program (TOP), the largest ongo-
ing prospective real-world study of natalizumab-treated 
RRMS patients, support these clinical trial findings and 
demonstrate long-term safety and clinical disease control 
with respect to relapses and disability [5]. Outside of TOP, 
the only other long-term prospective observational study 
examining the safety and effectiveness of natalizumab in 
RRMS patients is the 4-year STRIVE study [6]. STRIVE 
complements and extends the results of TOP by capturing 
radiological outcomes as well as additional clinical and 
patient-reported outcomes (PROs) not collected in TOP. In 
addition, with the growing evidence of the importance of 
initiating disease-modifying therapy (DMT) early in the dis-
ease course, STRIVE only enrolled patients within 3 years 
of their RRMS diagnosis. Also, STRIVE only enrolled anti-
JC virus (JCV) antibody negative patients, i.e., those with 
an estimated PML risk of 1/10,000 [7]. STRIVE, therefore, 
provides clinicians and patients with practical benefit-risk 
information when considering treatment options for patients 
in early stages of RRMS.

The results of STRIVE’s primary endpoint (i.e., the 
proportion of patients achieving No Evidence of Disease 
Activity (NEDA) in years 1 and 2 and clinical NEDA 
in years 3 and 4) as well as some of its secondary end-
points (i.e., annualized relapse rate (ARR), MRI, 24-week 
confirmed disability worsening (CDW)) and safety were 
recently published [6]. In the intent-to-treat (ITT) popula-
tion 56.1% and 73.6% of patients achieved NEDA in years 
1 and 2, respectively, and 84.6% and 91.9% of patients 
achieved clinical NEDA in years 3 and 4, respectively. 
The ARR decreased by 90.0%, from 1.41 (95% confidence 
interval (CI): 1.19, 1.66) in the year prior to natalizumab 
initiation to 0.14 (95% CI 0.10, 0.21) at the end of the study 
(P < 0.0001). The cumulative probability of CDW at year 4 
was 19.3%. The median number of gadolinium-enhancing 
(Gd+) lesions and new or newly enlarging T2 lesions at 
each annual assessment was 0, indicating that over half of 
the patients did not exhibit new radiological activity. Safety 
outcomes in STRIVE were consistent with the established 
safety profile of natalizumab [6].

The present analysis of STRIVE examines the effects of 
natalizumab on additional secondary endpoints included in 
the study design (i.e., cognitive processing speed, 24-week 
confirmed disability improvement (CDI), and PROs) over 4 
years. Additional exploratory analyses at 4 years assessed 
how patients who experienced clinically meaningful 
improvements on cognitive processing speed or CDI per-
formed on other clinical/radiological outcomes and PROs. 
Together these findings from STRIVE extend our knowledge 
of the effectiveness and improvements in cognition, disabil-
ity, and PROs of prolonged natalizumab treatment in early 
RRMS patients.

http://creativecommons.org/licenses/by-nc/4.0/
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2 � Methods

2.1 � Study Design and Patients

STRIVE (Study of Tysabri in Early Relapsing-Remitting 
Multiple Sclerosis in Anti-JC Virus Antibody Negative 
Patients; clinicaltrials.gov NCT01485003) was a prospec-
tive, 4-year, multicenter, observational, open-label, single-
arm study conducted at 45 sites in the USA from February 
2012 to November 2018 [6]. Patients in STRIVE received 
300 mg of natalizumab intravenously every 4 weeks.

Details of the study design, inclusion and exclusion cri-
teria, patient disposition, and baseline characteristics of 
the ITT and 4-year natalizumab completer populations, as 
well as the study’s primary and related secondary endpoint 
results, have been published [6]. Briefly, eligible patients 
were aged 18–65 years with a documented diagnosis of 
RRMS (McDonald 2010 criteria) [8], a disease duration 
≤ 3 years, and an Expanded Disability Status Scale (EDSS) 
score ≤ 4.0, as well as a negative test for anti-JCV antibod-
ies within 6 months prior to screening or at the baseline 
visit. Patients were either naïve to DMTs or had been treated 
with a DMT for ≤ 36 months prior to the date of informed 
consent. Patients were excluded, however, if they had prior 
natalizumab treatment [6].

A patient who completed the 4-year study on natalizumab 
was termed a “4-year natalizumab completer.” If a patient 
permanently discontinued natalizumab treatment but chose 
to remain in the study, data were collected on the reasons for 
discontinuation. In such cases, the investigative site contin-
ued to follow up with the patient as per the protocol schedule 
of assessments through month 48. As these patients com-
pleted the study, they were considered “study completers” 
along with the 4-year natalizumab completers. If a patient 
withdrew from the study, the participating neurologist docu-
mented the reason for early withdrawal on the study exit 
form and conducted the final assessments, after which no 
further data were collected.

All patients provided written informed consent prior to 
enrollment, and approval was granted by the Copernicus 
Group IRB #1 (reference number IRB00001313) at 17 study 
sites and, at the rest of the study sites, by independent ethics 
committees. The study was performed in accordance with 
Good Clinical Practice guidelines.

2.2 � Clinical Outcome Measures

2.2.1 � Cognitive Processing Speed

The Symbol Digit Modalities Test (SDMT), which involves 
matching geometric designs and numerical responses over a 
set time [9], was used as a measure of cognitive processing 

speed. Responses could be written or oral. The SDMT score 
reflects the number of correct matches, with a higher score 
indicating better cognitive processing speed. A clinically 
meaningful improvement in SDMT score was defined as an 
increase of ≥ 4 points [9]. SDMT scores were assessed at 
baseline and yearly thereafter.

2.2.2 � Confirmed Disability Improvement (CDI)

EDSS assessments were conducted at the baseline visit and 
every 6 months (± 1 month) thereafter. CDI was defined as 
a ≥ 1.0-point decrease in EDSS score from a baseline EDSS 
score ≥ 2.0, confirmed 24 weeks later. CDI was not assessed 
in patients with baseline EDSS scores < 2.0. Maintenance 
of EDSS improvement referred to a patient’s EDSS score 
remaining below baseline from the time of CDI to the end 
of the study.

2.2.3 � No Evidence of Disease Activity (NEDA)

NEDA was calculated at year 4 as a composite measure 
of no relapses or 24-week CDW, no Gd+ lesions, and no 
new or newly enlarging T2 lesions. CDW was defined as a 
≥ 1.5-point increase from a baseline EDSS score of 0.0, a 
≥ 1.0-point increase from a baseline EDSS score of 1.0 to 
< 6.0, or a ≥ 0.5-point increase from a baseline score ≥ 6.0, 
confirmed 24 weeks later. Clinical NEDA was calculated at 
year 4 as a composite measure of no relapses or 24-week 
CDW. MRI NEDA was calculated at year 4 as a composite 
measure of no Gd+ lesions and no new or newly enlarging 
T2 lesions.

2.3 � Patient‑Reported Outcomes (PROs)

2.3.1 � Quality of Life (QoL)

Patient quality of life (QoL) was assessed using the Mul-
tiple Sclerosis Impact Scale (MSIS-29), a brief, self-
reported measurement that assesses the physical (20 
questions) and psychological (nine questions) impact of 
MS [10]. The MSIS-29 yields two separate scores (physi-
cal and psychological) on a scale of 0–100, with lower 
scores representing better QoL. Scores on the MSIS-29 
can also be divided into five categories: “no problems” 
(0–19), “few problems” (20–39), “moderate problems” 
(40–59), “quite a few problems” (60–79), and “extreme 
problems” (80–100). A change in the MSIS-29 physical 
or psychological score resulting in a downward or upward 
move of at least one category was considered an improve-
ment or worsening, respectively, as described previously 
[11]. Patients completed the MSIS-29 at screening and 
yearly thereafter.
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2.3.2 � Capacity for Work

Capacity for work was measured by the Work Productiv-
ity and Activity Impairment Questionnaire (WPAI), which 
quantitatively assesses absenteeism (i.e., hours missed) and 
presenteeism (i.e., hours worked) as well as the impact of 
MS on work productivity and regular activities over the pre-
ceding 7 days [12]. Patients were asked to answer specific 
questions based on whether they were currently employed 
at the time of completing the questionnaire. Currently 
employed patients were asked to reflect on the past week 
and provide the number of hours missed from work, both 
related and unrelated to MS, as well as how many hours they 
actually worked. Employed patients also rated the impact of 
MS on work productivity and regular activities on a scale 
from 0 (i.e., MS had no effect) to 10 (i.e., MS completely 
prevented productivity/activities). Patients who were not 
currently employed at the time of completing the question-
naire were only asked to rate the impact of MS on regular 
activities as described above. WPAI outcomes were evalu-
ated at screening and yearly thereafter.

2.4 � Statistical Analyses

Analyses except for CDI were conducted in the full ITT 
population, defined as all enrolled patients who completed 
informed consent and received one or more doses of natali-
zumab in STRIVE. In general, continuous variables were 
analyzed using summary statistics and categorical variables 
were analyzed using frequency distributions. Missing data 
were not imputed. Statistical significance was defined as P 
< 0.05.

To assess the robustness of the results and any potential 
attrition bias linked to treatment effectiveness, sensitivity 
analyses on SDMT, MSIS-29, and WPAI scores were per-
formed using the data from all patients who completed the 
4-year study on natalizumab (termed “4-year natalizumab 
completers”). Changes from baseline and screening in 
SDMT score and PROs, respectively, were analyzed via a 
Wilcoxon signed-rank test in both the ITT population and 
4-year natalizumab completers. The one exception to this 
was the percent change of patients currently employed com-
pared to screening (i.e., WPAI question 1: Are you currently 
employed [working for pay]?) which was analyzed via a chi-
square test because the responses (i.e., no vs. yes) were cat-
egorical variables. The cumulative probability of CDI was 
estimated using the Kaplan-Meier method in ITT patients 
with a baseline EDSS score ≥ 2.

Exploratory analysis was conducted to assess how 
patients who experienced a clinically meaningful improve-
ment in their SDMT score (i.e., ≥ 4) at year 4 did on specific 
patient-reported (i.e., MSIS-29 and WPAI) and clinical/radi-
ological (i.e., NEDA, clinical NEDA, MRI NEDA) outcomes 

at that timepoint. In particular, the percentage of patients 
who worsened, remained stable, or improved on their MSIS-
29 physical and psychological scores was calculated using 
the categorical change as described in Sect. 2.3.1. For the 
WPAI measures related to hours of work missed per week 
and the impact on regular activities due to MS, an increase, 
no change, or reduction indicated a worsening, stability, or 
improvement in the measure, respectively. NEDA outcomes 
were assessed as described previously [6].

An additional analysis was conducted to assess how 
patients who experienced CDI performed on specific patient-
reported (i.e., MSIS-29 and WPAI) and clinical/radiologi-
cal (i.e., NEDA, clinical NEDA, MRI NEDA) outcomes as 
described above.

3 � Results

3.1 � Patient Enrollment and Baseline Characteristics

The STRIVE ITT population, defined as all enrolled patients 
who completed informed consent and received one or more 
doses of natalizumab, consisted of 222 patients. Of the 155 
patients in the ITT population who completed the study, 
105 were treated with natalizumab over the entire 4 years 
of STRIVE (i.e., the 4-year natalizumab completers) [6]. 
The main reason for natalizumab discontinuation was sero-
conversion to anti-JC virus antibody-positive status/elevated 
index/progressive multifocal leukoencephalopathy risk (n = 
27). Reported lack of efficacy was listed as a reason for dis-
continuation of natalizumab in only eight patients [6].

At baseline, patients in the ITT population (N = 222) 
had a median (range) of 1 (0–12) relapses in the prior year, 
0 (0–71) Gd+ lesions, and a median (range) EDSS score of 
2.0 (0–6.5) [6]. The mean (SD) SDMT score at baseline was 
52.0 (14.0) (Table 1). The mean (SD) MSIS-29 physical and 
psychological score at screening was 42.2 (19.0) and 22.0 
(9.3), respectively, in the ITT population (Table 1). Most 
patients (69.7%) were employed, reporting an average (SD) 
of 5.4 (12.7) hours missed from work per week because of 
MS and a median (range) score of 2 (0–10) on work pro-
ductivity affected by MS at screening. The median (range) 
score on regular activities affected by MS for ITT patients 
regardless of employment status at screening was 3 (0–10) 
(Table 1).

Baseline characteristics of the 4-year natalizumab com-
pleters (n = 105) were similar to those of the ITT popula-
tion. Patients had a median (range) of 1 (0–4) relapses in 
the prior year, 0 (0–71) Gd+ lesions, and a median (range) 
EDSS score of 2.0 (0–4.0) [6]. The mean (SD) SDMT score 
at baseline was 51.3 (14.5) (Table 1).

The mean (SD) MSIS-29 physical and psychologi-
cal score at screening was 40.0 (18.1) and 20.7 (9.0), 
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Table 1   SDMT and PRO scores at baseline/screening in the STRIVE ITT population and 4-year natalizumab completers

ITT intent-to-treat, MS multiple sclerosis, MSIS-29 Multiple Sclerosis Impact Scale, PRO patient-reported outcome, SD standard deviation, 
SDMT Symbol Digits Modality Test, WPAI Work Productivity and Activity Impairment Questionnaire
a n = 221
b n = 217
c n = 103
d The questions on the impact of MS on regular activities were answered regardless of employment status. The remaining WPAI questions were 
only answered if the patient was employed at the time of questionnaire completion
e n = 218
f Question posed: “How many hours did you miss from work because of problems associated with MS?”
g n = 144
h n = 69
i n = 147
j n = 75
k n = 146
l n = 74
m Question posed: “How much did MS affect your productivity while you were working? Scale is from 0 (no effect) to 10 (completely prevented 
working)”
n n = 136
o Question posed: “How much did MS affect your ability to do your regular daily activities other than work at a job? Scale is from 0 (no effect) to 
10 (completely prevented daily activities)”

Assessment ITT population (N = 222) 4-year natalizumab 
completers (n = 
105)

SDMT
 Mean (SD) 52.0 (14.0)a 51.3 (14.5)
 Median (range) 53.0 (9.0–97.0) 53.0 (9.0–96.0)

MSIS-29 physical score
 Mean (SD) 42.2 (19.0)b 40.0 (18.1)c

 Median (range) 37.0 (20.0–100.0) 34.0 (20.0–93.0)
MSIS-29 psychological score
 Mean (SD) 22.0 (9.3)b 20.7 (9.0)c

 Median (range) 21.0 (9.0–45.0) 17.0 (9.0–45.0)
WPAId

 Percentage of patients currently employed 69.7%e 72.8%c

  Hours missed from work week because of MSf

   Mean (SD) 5.4 (12.7)g 4.3 (10.7)h

   Median (range) 0.0 (0.0–80.0) 0.0 (0.0–49.0)
  Hours missed from work per week for non-MS reasons
   Mean (SD) 2.9 (5.6)i 3.6 (6.1)j

   Median (range) 0 (0.0–30.0) 0 (0.0–30.0)
  Hours worked per week
   Mean (SD) 33.1 (16.3)k 33.2 (15.9)l

   Median (range) 39 (0–84) 36.5 (0.0–84.0)
  Work productivity affected by MSm

   Mean (SD) 2.5 (2.5)n 2.4 (2.4)h

   Median (range) 2 (0–10) 1 (0–9)
  Regular activities affected by MSo

   Mean (SD) 3.7 (3.0)e 3.5 (3.0)c

   Median (range) 3 (0–10) 3 (0–10)
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respectively, in the 4-year natalizumab completer popula-
tion (Table 1). Most patients (72.8%) were employed, report-
ing an average (SD) of 4.3 (10.7) hours missed from work 
per week because of MS and a median (range) score of 1 
(0–9) on work productivity affected by MS at screening. 
The median (range) score on regular activities affected by 
MS for 4-year completers regardless of employment status 
at screening was 3 (0–10) (Table 1).

3.2 � Clinical Outcomes

3.2.1 � Cognitive Processing Speed

In the ITT population, the percentage of patients with a clin-
ically meaningful improvement in their SDMT score from 
baseline (i.e., SDMT score change ≥ 4) ranged from 41.9% 
(80 of 191) to 54.0% (94 of 174) across the four annual 
assessments (Table 2). Similar results were observed in 
the 4-year natalizumab completers, with the percentage of 
patients experiencing a clinically meaningful improvement 
in their SDMT score from baseline ranging from 44.8% (47 
of 105) to 63.8% (67 of 105) across the four annual assess-
ments (Table 2). Of the 4-year natalizumab completers who 
experienced a clinically meaningful improvement in year 1 
(44.8%; n = 47), 83.0% (39 of 47) maintained that improve-
ment at year 4 (see Table 2).

Exploratory analyses were conducted to determine 
whether the change in the SDMT score varied depending 
on the patients’ SDMT scores at baseline. Patients were cat-
egorized into three subgroups based on the baseline SDMT 
score quartiles (i.e., those with baseline SDMT scores either 
below the lowest quartile (< 25%), within the interquartile 
range (≥ 25% to < 75%), or above or equal to the highest 
quartile (≥ 75%)]. In the ITT population, a higher proportion 

of patients with baseline SDMT scores below the lowest 
quartile (< 25%) experienced clinically meaningful improve-
ment in their SDMT scores than the other two quartile sub-
groups (i.e., ≥ 25% to < 75% and ≥ 75%) over the course 
of the study  (Table 3). The differences were most evident 
between the lowest (< 25%) and highest (≥ 75%) quartile 
subgroups at years 1 (i.e., 56.1% (23 of 41) vs. 27.3% (15 
of 55)) and 2 (i.e., 66.7% (22 of 33) vs. 34.9% (15 of 43)) 
(Table 3). Consistent results were found in the 4-year natali-
zumab completers.

3.2.2 � CDI

The cumulative probability of CDI at 4 years in patients 
in the ITT population with a baseline Expanded Disability 
Status Scale score ≥ 2 (N = 133) was 43.9% (Fig. 1). Of the 
ITT patients with a baseline EDSS score ≥ 2, 32.3% (43 of 
133) patients experienced 24-week CDI at some point during 
the study. Baseline demographics, disease characteristics, 
and PROs of these two patient groups (i.e., ITT patients 
with baseline EDSS score ≥ 2.0 and those who achieved 
CDI during the study) were generally similar (Table 4). Of 
the patients who achieved CDI, 62.8% (27 of 43) exhibited a 
reduction in EDSS score ≥ 1.5, and 44.2% (19 of 43) exhib-
ited a reduction ≥ 2.0. Most of the patients who experienced 
CDI (79.1%; 34 of 43) maintained the improvement for the 
remainder of the 4-year study period.

3.3 � PROs

3.3.1 � QoL: MSIS‑29

Statistically significant reductions in the mean change 
from screening in the MSIS-29 physical and psychological 

Table 2   Change in SDMT scores in the ITT population and 4-year natalizumab completers

CI confidence interval, ITT intent-to-treat, SDMT Symbol Digit Modalities Test
a Denominator for years 2–4 is the number of patients with a clinically meaningful improvement from baseline in SDMT score in year 1 (n = 47)

1 year 2 years 3 years 4 years

ITT population (n = 191) (n = 158) (n = 157) (n = 174)
 Mean change from baseline in SDMT score (95% CI) 2.3 (0.8, 3.7) 4.3 (2.4, 6.2) 3.6 (2.1, 5.2) 4.6 (2.9, 6.2)
 P value 0.0006 < 0.0001 < 0.0001 < 0.0001
 Patients with a clinically meaningful improvement from baseline in SDMT score, n 

(%)
80 (41.9) 78 (49.4) 85 (54.1) 94 (54.0)

4-year natalizumab completers (n = 105) (n = 101) (n = 105) (n = 105)
 Mean change from baseline in SDMT score (95% CI) 3.1 (1.3, 4.8) 4.2 (1.9, 6.5) 4.2 (2.3, 6.0) 5.7 (3.6, 7.8)
 P value 0.0005 < 0.0001 < 0.0001 < 0.0001
 Patients with a clinically meaningful improvement from baseline in SDMT score, n 

(%)
47 (44.8) 50 (49.5) 60 (57.1) 67 (63.8)

 Patients with maintenance of clinically meaningful improvement in SDMT score, n 
(%)a

47 (100) 39 (83.0) 38 (80.9) 39 (83.0)
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scores, which signify better QoL, were observed over all 4 
years of the study in the ITT population with similar results 
seen in the 4-year natalizumab completers (Table 5). For 
example, at year 4, the mean change from screening in 
the MSIS-29 physical and psychological scores (95% CI; 
P value) in the ITT population was − 4.7 (−6.9, − 2.4; 
< 0.0001) and − 2.6 (−3.8, − 1.4; < 0.0001), respectively. 
Similarly, in the 4-year natalizumab completers the mean 
change from screening in the MSIS-29 physical and psy-
chological scores (95% CI; P value) at year 4 was − 4.5 
(− 7.2, − 1.7; 0.0003) and −2.3 (− 3.8, − 0.7; 0.0125), 
respectively.

At 4 years, most patients in the ITT population were sta-
ble or exhibited improvement on both the physical (88.5%, 
154 of 174) and psychological (91.3%, 157 of 172) com-
ponents of the MSIS-29 relative to screening, with simi-
lar results seen among the 4-year natalizumab completers 
(Fig. 2).

3.3.2 � Capacity for work: WPAI

There were no statistically significant differences in the per-
cent change of patients who were employed at each annual 
assessment compared to screening in either the ITT or the 

Table 3   Change in SDMT scores in quartile subgroups of the ITT population and 4-year natalizumab completers

ITT intent-to-treat, SDMT Symbol Digit Modalities Test

Population Quartile subgroup 1 year 2 years 3 years 4 years

ITT < 25%
 N 41 33 32 37
 Mean change from baseline in SDMT score (95% CI) 6.3 (1.9, 10.7) 9 (4.4, 13.6) 9 (5.2, 12.7) 7.9 (4.3, 11.6)
 P value 0.0002 0.0003 < 0.0001 < 0.0001
 Patients with a clinically meaningful improvement from 

baseline in SDMT score, n (%)
23 (56.1) 22 (66.7) 24 (75) 21 (56.8)

≥ 25% to < 75%
 N 95 82 79 88
 Mean change from baseline in SDMT score (95% CI) 2 (0.3, 3.7) 3.9 (1.2, 6.6) 2.7 (1.1, 4.4) 3.7 (1.4, 6)
 P value 0.0137 0.0034 0.0003 < 0.0001
 Patients with a clinically meaningful improvement from 

baseline in SDMT score, n (%)
42 (44.2) 41 (50) 37 (46.8) 46 (52.3)

≥ 75%
N 55 43 46 49
 Mean change from baseline in SDMT score (95% CI) – 0.2 (– 2.5, 2.1) 1.4 (– 1.3, 4.1) 1.4 (– 2, 4.8) 3.5 (0.3, 6.7)
 P value 0.8785 0.0717 0.0163 0.0017
 Patients with a clinically meaningful improvement from 

baseline in SDMT score, n (%)
15 (27.3) 15 (34.9) 24 (52.2) 27 (55.1)

4-year 
natalizumab 
completers

< 25%
 N 23 22 23 23
 Mean change from baseline in SDMT score (95% CI) 6.5 (2.6, 10.4) 10.5 (4.7, 16.4) 8.7 (3.6, 13.8) 10.3 (4.7, 15.8)
 P value 0.0011 0.0011 0.0009 0.0002
 Patients with a clinically meaningful improvement from 

baseline in SDMT score, n (%)
15 (65.2) 16 (72.7) 17 (73.9) 16 (69.6)

≥ 25% to < 75%
 N 53 51 53 53
 Mean change from baseline in SDMT score (95% CI) 2.9 (0.3, 5.5) 3 (– 0.1, 6.1) 2.7 (0.7, 4.8) 5.1 (2.4, 7.7)
 P value 0.0158 0.0519 0.0009 < 0.0001
 Patients with a clinically meaningful improvement from 

baseline in SDMT score, n (%)
24 (45.3) 25 (49) 25 (47.2) 32 (60.4)

≥ 75%
 N 29 28 29 29
 Mean change from baseline in SDMT score (95% CI) 0.7 (– 2, 3.4) 1.4 (– 2.4, 5.3) 3.1 (– 0.7, 7) 3.3 (– 0.8, 7.4)
 P value 0.5976 0.0603 0.0039 0.0068
 Patients with a clinically meaningful improvement from 

baseline in SDMT score, n (%)
8 (27.6) 9 (32.1) 18 (62.1) 19 (65.5)
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Fig. 1   Cumulative probability 
for time to confirmed disability 
improvement (CDI) over 4 years 
in the intent-to-treat population. 
Time point shown is for onset 
of Expanded Disability Status 
Scale score decrease, which 
was confirmed 24 weeks later. 
Dashed lines show the 95% 
confidence interval
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Year 1 Year 2 Year 3 Year 4
19.9% 28.4% 38.5% 43.9%

Number of patients at risk
133 123 110 91 82 77 72 63 60 56 52 50 47 45 42 38 20

Table 4   Baseline characteristics of ITT patients with baseline EDSS score ≥ 2.0 and those with baseline EDSS score ≥ 2.0 who experienced 
CDI

CDI confirmed disability improvement, EDSS Expanded Disability Status Scale, Gd+ gadolinium- enhancing, ITT intent-to-treat, MS multiple 
sclerosis, MSIS-29 Multiple Sclerosis Impact Scale, SD standard deviation, SDMT Symbol Digit Modalities Test, WPAI Work Productivity and 
Activity Impairment Questionnaire
a P values for continuous variables are based on t-test; P values for sex and prior disease-modifying therapy use are based on chi-squared test
b Data were missing for 14 patients (four patients with CDI)
c Data were missing for three patients (one patient with CDI)
d Question posed: “How many hours did you miss from work because of problems associated with MS?”
e Data were missing for 56 patients (13 patients with CDI)
f Question posed: “How much did MS affect your ability to do your regular daily activities other than work at a job? Scale is from 0 (no effect) to 
10 (completely prevented daily activities)”
g Data were missing for two patients (one patient with CDI)

Characteristic Patients with baseline EDSS score ≥ 2.0 (n = 
133)

Patients with baseline EDSS score 
≥ 2.0 who achieved CDI (n = 43)

Age, mean (SD), y 33.9 (8.6) 32.9 (8.8)
Female, n (%) 91 (68.4) 26 (60.5)
Number of relapses in the past 12 months, mean (SD) 1.5 (0.9) 1.6 (1.0)
EDSS score, mean (SD) 2.8 (0.8) 2.9 (0.9)
MS duration, mean (SD), y 1.6 (0.8) 1.6 (0.9)
T2 lesion volume, mean (SD), cc 8.4 (10.9) 7.1 (8.0)
Number of Gd+ lesions, mean (SD) 2.6 (7.5)b 4.0 (12.0)b

Prior MS treatment, n (%) 68 (51.1) 18 (41.9)
SDMT score, mean (SD) 49.2 (14.9) 50.6 (13.2)
MSIS-29, mean (SD)c

 Physical score 47.8 (20.0) 42.0 (17.7)
 Psychological score 23.8 (9.6) 22.0 (9.3)

WPAI, mean (SD)
 Work missed/week due to MS, hd 8.0 (15.1)e 9.7 (14.4)e

 Regular activities affected by MSf 4.3 (2.9)g 3.8 (3.2)g
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4-year natalizumab completer populations (Table 6). Of the 
patients who were employed at screening and subsequently 
completed all four annual assessments, 74.2% (72 of 97) 
and 76.9% (50 of 65) maintained their employment through-
out the study in the ITT and 4-year natalizumab completer 
cohorts, respectively.

In the ITT population, irrespective of employment status, 
a statistically significant decrease in the impact of MS on 
regular activities was observed over all 4 years of the study 
(year 1: – 0.4, P = 0.0321; year 2: – 0.6, P = 0.0070; year 3: 

– 0.9, P = 0.0004; year 4: – 0.9, P < 0.0001) compared with 
the impact at screening (Table 6). For those employed ITT 
patients, there was also a statistically significant decrease 
in the impact of MS on work productivity in years 3 (– 0.6, 
P = 0.0337) and 4 (– 0.5, P = 0.0172) compared with the 
impact at screening (Table 6). The number of hours missed 
per week due to MS was also significantly reduced in years 2 
(– 2.8, P = 0.0153) and 4 (– 2.5, P = 0.0260) compared with 
screening (Table 6). These changes all indicate improve-
ments on these WPAI measures.

Although similar results were observed in the 4-year 
natalizumab completers, statistically significant decreases 
compared with screening were observed only with respect 
to the impact of MS on regular activities in years 3 (–0.9,  
P = 0.0054) and 4 (–1.0, P = 0.0017; Table 6).

3.4 � Exploratory Analyses

3.4.1 � PROs and NEDA Status in Patients with Clinically 
Meaningful Improvement in Their SDMT Score at 4 
Years (ITT Population)

An exploratory analysis using the STRIVE ITT popula-
tion was conducted to determine how patients with clini-
cally meaningful improvement in their SDMT score at year 
4 did on other outcome measures (i.e., PROs and NEDA) 
at that timepoint. Most patients who experienced a clini-
cally meaningful improvement in their SDMT score (i.e., 
≥ 4) at year 4 also exhibited stability or improvement on 
their MSIS-29 physical (92.4%, 85 of 92) and psychologi-
cal (92.3%, 84 of 91) categories (Fig. 3). For those patients 

Table 5   Change in MSIS-29 scores in the ITT population and 4-year natalizumab completers

CI confidence interval, ITT intent-to-treat, MSIS-29 Multiple Sclerosis Impact Scale
a Data missing in one patient
b Data missing in two patients

1 year 2 years 3 years 4 years

ITT population (n = 189) (n = 155) (n = 153) (n = 176)
 Mean change from screening in MSIS-29 physical score 

(95% CI)
– 3.9 (– 5.8, – 2.1) – 3.8 (– 6.2, – 1.5) – 4.8 (– 7.0, – 2.5) – 4.7 (– 6.9, – 2.4)

 P value < 0.0001 0.0005 < 0.0001 < 0.0001
 Mean change from screening in MSIS-29 psychological 

score (95% CI)
– 1.7 (– 2.8, – 0.6) – 2.0a (– 3.2, – 0.7) – 2.3 (– 3.6, – 1.0) – 2.6b (– 3.8, – 1.4)

 P value 0.0012 0.0009 0.0005 < 0.0001
4-year natalizumab completers (n = 103) (n = 99) (n = 99) (n = 104)
 Mean change from screening in MSIS-29 physical score 

(95% CI)
– 3.1 (– 5.6, – 0.6) – 3.4 (– 6.2, – 0.6) – 5.0 (– 7.6, – 2.5) – 4.5 (– 7.2, – 1.7)

 P value 0.0069 0.0197 0.0002 0.0003
 Mean change from screening in MSIS-29 psychological 

score (95% CI)
– 1.5 (– 2.8, – 0.2) – 1.6a (– 3.2, 0.0) – 2.2 (– 3.0, – 0.5) – 2.3a (– 3.8, – 0.7)

 P value 0.0133 0.0310 0.0077 0.0125
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Fig. 2   Proportion of patients experiencing worsening, stability, or 
improvement in Multiple Sclerosis Impact Scale (MSIS-29) scores at 
year 4 compared with baseline in the intent-to-treat (ITT) and 4-year 
completer populations
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Table 6   Mean change from screening in WPAI results in the ITT population and 4-year natalizumab completers

The questions on the impact of MS on regular activities were answered regardless of employment status. The remaining WPAI questions were 
only answered if the patient was employed at the time of questionnaire completion
CI confidence interval, ITT intent-to-treat, MS multiple sclerosis, WPAI Work Productivity and Activity Impairment Questionnaire
a Question posed: “How many hours did you miss from work because of problems associated with MS?”
b Question posed: “How much did MS affect your productivity while you were working? Scale is from 0 (no effect) to 10 (completely prevented 
working)”
c Question posed: “How much did MS affect your ability to do your regular daily activities other than work at a job? Scale is from 0 (no effect) to 
10 (completely prevented daily activities)”

1 year 2 years 3 years 4 years

ITT population
(n = 186) (n = 153) (n = 151) (n = 173)

 Percent change of patients currently employed (95% CI) – 1.4 (– 10.5, 7.6) 4.1 (– 5.1, 13.4) 1.1 (– 8.3, 10.6) 2.5 (– 6.5, 11.6)
 P value 0.754 0.386 0.815 0.585

(n = 125) (n = 110) (n = 105) (n = 126)
 Hours missed from work per week because of MS (95% CI)a – 1.7 (– 3.6, 0.2) – 2.8 (– 5.3, – 0.4) – 2.5 (– 5.2, 0.1) – 2.5 (– 4.7, – 0.3)
 P value 0.0550 0.0153 0.0618 0.0260

(n = 125) (n = 110) (n = 107) (n = 126)
 Hours missed from work per week for non-MS reasons (95% 

CI)
0.6 (– 1.1, 2.2) – 0.7 (– 2.4, 0.9) 1.1 (– 1.4, 3.6) 0.5 (– 1.6, 2.6)

 P value 0.9878 0.4135 0.7883 0.8756
(n = 123) (n = 112) (n = 108) (n = 125)

 Hours worked per week (95% CI) – 1.2 (– 4.3, 1.9) 2.6 (– 0.8, 6.0) 0.8 (– 2.6, 4.2) 1.3 (– 2.2, 4.8)
 P value 0.5498 0.0648 0.6086 0.3671

(n = 116) (n = 105) (n = 103) (n = 121)
 Work productivity affected by MS (95% CI)b 0.0 (– 0.4, 0.5) 0.0 (– 0.7, 0.6) – 0.6 (– 1.2, 0.0) – 0.5 (– 1.0, 0.0)
 P value 0.8974 0.6389 0.0337 0.0172

(n = 187) (n = 151) (n = 153) (n = 173)
 Regular activities affected by MS (95% CI)c – 0.4 (– 0.8, 0.0) – 0.6 (– 1.1, – 0.1) – 0.9 (– 1.4, – 0.4) – 0.9 (– 1.4, – 0.5)
 P value 0.0321 0.0070 0.0004 < 0.0001

4-year natalizumab completers
(n = 101) (n = 97) (n = 97) (n = 102)

 Percentage of patients currently employed (95% CI) – 5.5 (– 18.0, 7.1) 1.4 (– 10.8, 13.6) – 3.7 (– 16.2, 8.8) – 1.2 (– 13.5, 11.0)
 P value 0.392 0.821 0.560 0.842

(n = 67) (n = 71) (n = 67) (n = 74)
 Hours missed from work per week because of MS (95% CI)a – 1.0 (– 3.2, 1.2) – 1.3 (– 3.3, 0.8) – 1.4 (– 3.8, 1.0) – 0.8 (– 3.0, 1.4)
 P value 0.1904 0.3980 0.1770 0.5148

(n = 68) (n = 71) (n = 68) (n = 74)
 Hours missed from work per week for non-MS reasons (95% 

CI)
0.9 (– 1.7, 3.6) – 1.8 (– 3.7, 0.0) 1.3 (– 2.2, 4.9) 1.0 (– 2.5, 4.4)

 P value 0.8957 0.0842 0.9744 0.8364
(n = 67) (n = 74) (n = 68) (n = 74)

 Hours worked per week (95% CI) – 3.1 (– 7.4, 1.2) 1.4 (– 2.6, 5.3) 0.8 (– 3.2, 4.8) 1.1 (– 3.6, 5.8)
 P value 0.3084 0.2148 0.6382 0.6338

(n = 63) (n = 68) (n = 65) (n = 71)
 Work productivity affected by MS (95% CI)b – 0.1 (– 0.7, 0.5) – 0.2 (– 1.0, 0.6) – 0.8 (– 1.6, 0.0) – 0.5 (– 1.2, 0.2)
 P value 0.8738 0.4562 0.0610 0.0867

(n = 103) (n = 96) (n = 99) (n = 103)
 Regular activities affected by MS (95% CI)c – 0.3 (– 0.8, 0.3) – 0.5 (– 1.1, 0.1) – 0.9 (– 1.5, – 0.2) – 1.0 (– 1.6, – 0.4)
 P value 0.2994 0.1075 0.0054 0.0017



285Correction to: Improvements in SDMT, Disability, and PROs with Long-Term Natalizumab in Early RRMS

who were employed at that time and completed the WPAI 
questionnaire, most (90.8%, 49 of 54) were stable or had 
improvements with respect to the number of work hours 
missed/week due to MS (Fig. 3). Irrespective of employ-
ment status, 56.7% (51 of 90) of patients who experienced 
clinically meaningful improvement on their SDMT score 
from baseline at year 4 also exhibited an improvement on 
their ability to do regular activities affected by MS (Fig. 3).

The majority of patients who experienced clinically 
meaningful improvement in their SDMT score at year 4 also 
achieved NEDA (70.1%, 54 of 77), Clinical NEDA (89.3%, 
75 of 84), and MRI NEDA (81.8%, 63 of 77) (Fig. 4).

3.4.2 � PROs and NEDA Status in Patients Who Experienced 
CDI (ITT Population with Baseline EDSS Score ≥ 2)

An exploratory analysis using the STRIVE ITT population 
was conducted to determine how patients with CDI did on 
other outcome measures (i.e., PROs and NEDA) at year 4. 
Most patients who experienced CDI also exhibited stability 
or improvement on their MSIS-29 physical (97.3%, 36 of 
37) and psychological (94.6%, 35 of 37) categories at year 4 
(Fig. 5). For those patients who were employed at that time 
and completed the WPAI questionnaire, all (100%, 23 of 23) 
were stable or had improvements with respect to the number 
of work hours missed/week due to MS (Fig. 5). Irrespec-
tive of employment status, 61.1% (22 of 36) of patients who 
experienced CDI also exhibited an improvement on their 
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Fig. 3   Proportion of patients with clinically meaningful improve-
ments on their SDMT (Symbol Digit Modalities Test) score (≥  4) 
who exhibited worsening, stability, or improvement on patient-
reported outcomes at year 4. MSIS-29 is categorical change in physi-
cal and psychological scores. For WPAI, hours of work missed/week 
and impact on regular activities are due to multiple sclerosis (MS) 
(impact on regular activities assessed in all patients regardless of 
employment status). MSIS-29 Multiple Sclerosis Impact Scale, WPAI 
Work Productivity and Activity Impairment Questionnaire
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Fig. 4   Proportion of patients with clinically meaningful improve-
ments on their SDMT score (≥  4) who achieved NEDA, Clinical 
NEDA, or MRI NEDA at year 4. NEDA was defined as no relapses 
or 24-week CDW, no Gd+ lesions, and no new or newly enlarging 
T2 lesions (CDW was defined as a ≥ 1.5-point increase from a base-
line EDSS score of 0.0, a ≥ 1.0-point increase from a baseline EDSS 
score of 1.0 to < 6.0, or a ≥ 0.5-point increase from a baseline score 
≥  6.0, confirmed 24 weeks later). Clinical NEDA was defined as 
no relapses or 24-week CDW. MRI NEDA was defined as no Gd+ 
lesions and no new or newly enlarging T2 lesions. CDW confirmed 
disability worsening; EDSS Expanded Disability Status Scale; Gd+ 
gadolinium-enhancing; MRI magnetic resonance imaging; NEDA No 
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Fig. 5   Proportion of ITT patients with confirmed disability improve-
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reported outcomes at year 4. MSIS-29 is categorical change in physi-
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activities assessed in all patients regardless of employment status). 
ITT Intent-to-treat; MSIS-29 Multiple Sclerosis Impact Scale; WPAI 
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ability to perform regular activities impacted by MS at year 
4 (Fig. 5).

The majority of patients who experienced CDI also 
achieved NEDA (67.7%, 23 of 34), Clinical NEDA (88.9%, 
32 of 36) and MRI NEDA (79.4%, 27 of 34) at year 4 
(Fig. 6).

4 � Discussion

In this analysis of real-world data from STRIVE, natali-
zumab treatment was associated with improvements in 
cognitive processing speed, disability, and PROs. Given the 
physical, cognitive, and psychosocial burdens associated 
with MS, these findings highlight the importance of assess-
ing patients using both clinical measures as well as PROs 
to more completely capture the overall impact of DMTs on 
outcomes that are meaningful to patients.

Cognitive change is common in adults with MS, with the 
prevalence ranging from 35–65% depending on the sample 
studied and the criteria applied [13]. Cognitive process-
ing speed is one of the most commonly affected cognitive 
domains in MS with processing deficits found in newly diag-
nosed RRMS patients [13]. In STRIVE, > 40% of natali-
zumab-treated patients in the ITT and 4-year natalizumab 

completer populations exhibited a clinically meaningful 
improvement in SDMT score at each annual assessment. 
Among the 4-year natalizumab completers, 83% of patients 
who exhibited a clinically meaningful improvement in their 
SDMT score at 1 year maintained that clinically meaningful 
improvement at year 4. Interestingly, in both the ITT and 
4-year natalizumab completer populations, a higher propor-
tion of patients with baseline SDMT scores below the lowest 
quartile (< 25%) experienced clinically meaningful improve-
ment in their SDMT scores than the other two quartile sub-
groups over the course of the study. The reasons for these 
differences are unknown, but may be, in part, due to a sig-
nificantly higher proportion of patients in the lowest quartile 
subgroup (< 25%) having ≥ 1 Gd+ lesions at baseline than 
the other two subgroups (data not shown). Further research 
is needed. Several prior studies have examined the effect 
of natalizumab on cognitive processing speed [2, 14–18]; 
however, unlike STRIVE, these studies examined the effects 
over only 1 [14, 17] or 2 [2, 15, 16, 18] years. STRIVE is the 
first study to show maintenance of a clinically meaningful 
improvement in SDMT score over 4 years of natalizumab 
treatment. Although a previous study reported a SDMT 
learning/practice effect in natalizumab-treated MS patients 
[18], the study design differed from that of STRIVE, since 
in the previous study patients completed their SDMT assess-
ments monthly for approximately 2 years while in STRIVE 
SDMT assessments were conducted yearly. The timing of 
the SDMT assessments in STRIVE aligns with the guidance 
of a recent National MS Society expert panel that recom-
mended a baseline cognitive screening with the SDMT, as a 
minimum, as an integral part of disease monitoring followed 
by annual reassessments for all adults diagnosed with MS 
[13]. In addition to its impact on cognitive processing speed, 
natalizumab has also previously been shown to improve 
other cognitive outcomes, including memory attention, and 
executive function [15, 19].

Historically phase 3 clinical trial outcomes in RRMS 
focused on limiting disability worsening. The first pub-
lished data that focused on improvements in disability were 
from a post hoc analysis of natalizumab’s phase 3 AFFIRM 
study [4]. CDI has since become a common secondary end-
point included in phase 3 RRMS clinical trials [20–22]. 
This outcome measure is also commonly used in observa-
tional studies. The largest multinational observational trial 
for natalizumab, TOP, found that the nearly one-quarter of 
natalizumab-treated patients experienced CDI in the 10-year 
interim analysis [23]. Furthermore, patients who initiated 
natalizumab treatment earlier in their disease course were 
more likely to experience CDI and patients without prior 
DMT use had the highest probability of CDI [23]. Based on 
these data one would expect patients in STRIVE to be more 
likely to experience CDI since STRIVE was designed to 
study patients who were treatment-naive or earlier in their 
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Fig. 6   Proportions of ITT patients with confirmed disability improve-
ment who achieved NEDA, Clinical NEDA, or MRI NEDA at year 4. 
NEDA was defined as no relapses or 24-week CDW, no Gd+ lesions, 
and no new or newly enlarging T2 lesions (CDW was defined as a 
≥ 1.5-point increase from a baseline EDSS score of 0.0, a ≥ 1.0-point 
increase from a baseline EDSS score of 1.0 to < 6.0, or a ≥ 0.5-point 
increase from a baseline score ≥ 6.0, confirmed 24 weeks later). Clin-
ical NEDA was defined as no relapses or 24-week CDW. MRI NEDA 
was defined as no Gd+ lesions and no new or newly enlarging T2 
lesions. CDW confirmed disability worsening; EDSS Expanded Dis-
ability Status Scale; Gd+ gadolinium-enhancing; ITT Intent-to-treat; 
MRI magnetic resonance imaging; NEDA No Evidence of Disease 
Activity
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disease course (≤ 3 years of diagnosis). This may explain 
why the cumulative probability of CDI at 4 years in STRIVE 
was higher than that seen in the TOP 5-year interim analy-
sis [24]. Of the patients in STRIVE who experienced CDI, 
44.2% (19 of 43) exhibited a reduction of ≥ 2.0 EDSS 
points. Furthermore, 79.1% (34 of 43) patients who expe-
rienced CDI maintained the improvement for the remain-
der of the 4-year study period. Currently there is limited 
literature looking at the comparative effectiveness of high-
efficacy monoclonal antibody DMTs with respect to CDI. 
However, one publication, which looked at the comparative 
effectiveness of alemtuzumab versus natalizumab, found that 
the cumulative hazard of 6-month disability improvement 
was significantly higher with natalizumab than alemtuzumab 
[25].

PROs are of increasing importance to clinicians, patients, 
payers, and regulators, as they provide a broader assessment 
of the impact of MS and MS therapies on patients than just 
clinical and radiological measures alone [26]. Natalizumab 
treatment was associated with improvements in QoL that 
were maintained over the course of the study. MSIS-29 
physical and psychological scores were significantly lower 
at all 4-yearly time points during natalizumab treatment than 
at screening in both the ITT population and the 4-year natali-
zumab completers. These findings, which demonstrate an 
improvement in QoL, support and extend the results of other 
shorter clinical and real-world studies examining the effect 
of natalizumab treatment on various QoL measures, includ-
ing MSIS-29 [11, 17, 27], Short Form-36 or Short-Form-12 
[4, 11, 27], and NeuroQoL [28].

MS can severely impair patients’ ability to perform nor-
mal daily activities as well as their ability to work and con-
tinue to work. In the ITT population, the impact of MS on 
regular activities was significantly reduced from screening 
over all 4 years. Employed patients also missed significantly 
fewer hours of work due to MS in years 2 and 4 compared 
with screening, and the impact of MS on work productiv-
ity was significantly reduced in years 3 and 4. Although 
the 4-year natalizumab completers had similar results to 
the ITT population, a statistically significant decrease was 
observed only with respect to the impact of MS on regular 
daily activities in years 3 and 4. The reason for this differ-
ence in unknown.

To our knowledge there has only been one other obser-
vational study conducted in Italy where patients completed 
WPAI questionnaires at enrollment and after 1 year of natali-
zumab treatment [17]. In contrast to STRIVE, the Italian 
study found statistically significant reductions in absentee-
ism (i.e., hours of work missed) and work productivity loss 
(i.e., impact of MS on work productivity) after 1 year of 
natalizumab treatment. The discrepancy in findings may be 

due to differences in the inclusion criteria. Unlike STRIVE, 
patients in the Italian study were required to be working full 
time with no time off work planned in the following year for 
any reason and must have reported a loss of at least 1 work-
ing hour due to MS during the previous week [17].

Little is known of how the improvements in cognitive 
processing speed and disability seen with natalizumab treat-
ment correspond to effects on PROs and NEDA. Therefore, 
exploratory analyses were conducted to determine how 
patients who experience clinically meaningful improve-
ment in their SDMT scores or CDI perform on other patient-
reported and clinical outcomes. In both analyses, it was 
found that the majority of patients who experienced clini-
cally meaningful improvement in their SDMT scores or CDI 
also exhibited stability or improvement on their PROs. Fur-
thermore, the exploratory analyses showed that a majority 
of these patients also achieved NEDA, Clinical NEDA, and 
MRI NEDA. Hence, these results demonstrate that a pro-
portion of patients can experience improvements in several 
clinical/radiological outcomes and PROs with meaningful 
impact on patients’ daily lives.

There are several limitations of the STRIVE study, 
including the lack of a comparator/reference group, the 
open-label study design, missing data, and a potential bias 
for sustained improvement because of regression to the mean 
in this early-in-disease and mostly treatment-naïve patient 
cohort. The absence of a reference group along with the 
failure to collect patients’ baseline education level also made 
it infeasible to calculate z-scores. Therefore, interpretation 
and generalization of these results should be performed 
with caution. Nevertheless, the mean change from baseline 
and the percentage of patients with clinically meaningful 
improvement in SDMT included in the current article are 
outcome measurements consistent with those in other pub-
lished articles [29, 30]. In addition, the SDMT, which does 
not provide a comprehensive assessment of overall cog-
nitive function, can be impacted by other factors, such as 
cognitive-mediated eye-movement issues [31]. Finally, the 
exploratory analyses were not prespecified and, therefore, 
further studies are needed to confirm those results.

To assess the robustness of the results and address any 
potential attrition bias, sensitivity analyses on SDMT and 
PRO outcomes were performed based on the data from 
patients who completed the 4-year study on natalizumab. 
The results of these sensitivity analyses were similar to those 
of the ITT population. In addition, reported lack of efficacy 
was only listed as a reason for treatment discontinuation in 
eight patients, whereas seroconversion to anti-JCV antibody-
positive status/elevated index/PML risk was the most com-
mon reason (n = 27) for treatment discontinuation [6], which 
is consistent with other observational studies.
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5 � Conclusion

These results from STRIVE highlight the benefits of long-
term natalizumab treatment early in the RRMS disease 
course with respect to CDI, cognitive processing speed, and 
PROs, including the impacts of MS on physical and psycho-
logical QoL and on patients’ abilities to work and perform 
regular activities. These findings further the understanding 
of improvements in other clinical outcomes with meaningful 
impact on MS patients’ daily lives while being treated with 
natalizumab.

The original article has been corrected.
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