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ABSTRACT

Introduction: STRIVE was a 4-year, multicen-
ter, observational, open-label, single-arm study
of natalizumab treatment in anti-JC virus anti-
body-negative (JCV-negative) relapsing-remit-
ting multiple sclerosis (RRMS) patients with
disease duration B 3 years. The objective of
STRIVE was to examine no evidence of disease
activity (NEDA) status and predictors of NEDA
in natalizumab-treated patients with early
RRMS.

Methods: Proportions of patients with NEDA
were evaluated along with baseline predictors of
NEDA, annualized relapse rate, 24-week con-
firmed disability worsening (CDW), magnetic
resonance imaging assessments (T2 and
gadolinium-enhancing lesions), and serious
adverse events.
Results: In years 1 and 2, 56.1% (95% confi-
dence interval [CI] 48.7–63.4%) and 73.6%
(95% CI 66.2–80.2%) of patients (intent-to-treat
population [N = 222]), respectively, achieved
NEDA. In years 3 and 4, 84.6% (95% CI
78.0–89.9%) and 91.9% (95% CI 86.4–95.8%) of
patients, respectively, achieved Clinical NEDA
(no relapses or 24-week CDW). Baseline predic-
tors of NEDA in year 4 were Expanded Disability
Status Scale score B 2.0 (odds ratio [OR] = 3.85
[95% CI 1.54–9.63]; p = 0.004) and T2 lesion
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volume[ 4 cc (OR = 0.39 [95% CI 0.15–0.98];
p = 0.046), with the latter also predicting Clin-
ical NEDA in year 4 (OR = 0.21 [95% CI
0.05–0.92]; p = 0.038). The cumulative proba-
bility of CDW at year 4 was 19.3%. Serious
adverse events were reported in 11.3% of
patients.
Conclusion: These results support the long-
term safety and effectiveness of natalizumab.
Baseline predictors of NEDA help to inform
benefit-risk assessments of natalizumab treat-
ment in JCV-negative patients with early RRMS.
Trial Registration: ClinicalTrials.gov identifier
NCT01485003.

Keywords: Anti-JCV antibody negative;
Magnetic resonance imaging; Natalizumab; No
evidence of disease activity; Relapsing-remitting
multiple sclerosis

Key Summary Points

Why carry out this study?

Natalizumab treatment was previously
shown to significantly reduce disease
activity in patients with relapsing-
remitting multiple sclerosis (RRMS),
which led to the development of a new
outcome measure called no evidence of
disease activity (NEDA; no relapses or
confirmed disability worsening [CDW], no
gadolinium-enhancing lesions, and no
new or newly enlarging T2 lesions).

To inform benefit-risk assessments of
natalizumab treatment in anti–JC virus
(JCV) antibody-negative patients with
early RRMS, this analysis of the STRIVE
study evaluated achievement of NEDA
and Clinical NEDA (no relapses or CDW),
baseline predictors of NEDA and Clinical
NEDA, and effectiveness and safety
outcomes.

What was learned from the study?

In STRIVE, 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.

In addition to achievement of NEDA and
Clinical NEDA, the cumulative probability
of CDW at year 4 was 19.3%, and safety
outcomes were consistent with the
established safety profile of natalizumab,
supporting the long-term effectiveness
and safety of natalizumab.

This study also identified baseline
predictors of NEDA in year 4 (Expanded
Disability Status Scale score B 2.0 and T2
lesion volume[ 4 cc) and Clinical NEDA
in year 4 (baseline T2 lesion volume[4
cc), which may help to inform benefit-risk
assessments of natalizumab treatment in
anti-JCV antibody negative patients with
early RRMS.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14248406.

INTRODUCTION

Natalizumab significantly reduced clinical and
magnetic resonance imaging (MRI) disease
activity in relapsing-remitting multiple sclerosis
(RRMS) patients compared with placebo over
2 years in the AFFIRM trial [1]. These findings
prompted a post hoc analysis and the subse-
quent development of a new outcome measure
called no evidence of disease activity (NEDA; no
relapses or confirmed disability worsening
[CDW], no gadolinium-enhancing [Gd?]
lesions, and no new or newly enlarging T2
lesions) [2].

Adv Ther (2021) 38:3724–3742 3725

https://doi.org/10.6084/m9.figshare.14248406
https://doi.org/10.6084/m9.figshare.14248406


Natalizumab treatment is associated with a
risk of progressive multifocal leukoen-
cephalopathy (PML), an opportunistic viral
infection of the brain caused by the JC virus
(JCV) [3, 4]. As infection with JCV is required for
the development of PML [3], this study only
enrolled patients who were anti-JCV antibody
negative (JCV negative), since the estimated
PML risk in these patients is 1/10,000, irrespec-
tive of treatment duration or prior immuno-
suppressant use [5, 6]. Therefore, they have the
most favorable benefit-risk profile of all natal-
izumab-treated patients with multiple sclerosis
(MS).

The study rationale was to evaluate NEDA
and its predictors to inform benefit-risk assess-
ments of natalizumab treatment in JCV-nega-
tive patients with early RRMS. The primary
study objective was to determine the impact of
natalizumab treatment on achieving NEDA in
years 1 and 2 and no relapses or 24-week CDW
(Clinical NEDA) in years 3 and 4. Secondary
objectives included baseline predictors of NEDA
and Clinical NEDA as well as annualized relapse
rate (ARR), 24-week CDW, MRI assessments,
and serious adverse events (SAEs).

METHODS

Study Design and Patients

STRIVE (Study of Tysabri in early Relapsing-
remItting multiple sclerosis in anti-JCV anti-
body negatiVE patients; clinicaltrials.gov
NCT01485003) was a prospective, 4-year,
observational, open-label, multicenter phase 4
study conducted at 45 sites in the USA. The first
patient was treated in February 2012, and the
study ended in November 2018. Patients
received 300 mg of natalizumab intravenously
every 4 weeks.

Eligible patients were RRMS (McDonald 2010
criteria) [7] patients aged 18–65 who were JCV
negative within 6 months prior to screening or
at the baseline visit and had a disease duration
B 3 years and an Expanded Disability Status
Scale (EDSS) score B 4.0. Each patient was naive
to disease-modifying therapies (DMTs) or had
been treated with a DMT for B 36 months prior

Table 1 Inclusion and exclusion criteria

Inclusion criteria

Aged 18–65 years at the time of informed consent

Documented diagnosis of relapsing-remitting MS

(McDonald 2010 criteria) [7]

Disease duration of B 3 years from diagnosis at the

time of informed consent

EDSS score B 4.0

Tested negative for anti-JCV antibodies B 6 months

prior to screening or at the baseline visit

Satisfied the therapeutic indications for natalizumab

Treatment naive to DMT or treated with

DMT(s) (including but not limited to intramuscular

interferon beta-1a, subcutaneous interferon beta-1a or

beta-1b, glatiramer acetate, or fingolimod)

for B 3 years in total prior to the informed consent

date

Decision made to treat with natalizumab preceded

enrollment

Ability to understand the purpose and risks of the

study and provide signed and dated informed consent

and authorization to use protected health

information in accordance with national and local

patient privacy regulations

Exclusion criteria

Prior natalizumab treatment

Anti-JCV antibody positive at any time point prior to

or at baseline

Contraindications to treatment with natalizumab

History of opportunistic infections or an increased risk

for such infections

Primary progressive or secondary progressive MS

History of immunosuppressant use (e.g.,

mitoxantrone, azathioprine, methotrexate,

cyclophosphamide, mycophenolate, cladribine, or

rituximab)

Immunocompromised at the time of enrollment
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to the date of informed consent. Table 1 pro-
vides a complete list of inclusion and exclusion
criteria. Patients’ decision to initiate natal-
izumab treatment was made prior to
enrollment.

All patients provided written informed con-
sent prior to enrollment. Approval was granted
by the Copernicus Group IRB #1 (reference
number IRB00001313) and, at the rest of the
study sites, by an independent ethics commit-
tee (Supplementary Appendix S1). The study
was performed in accordance with the Helsinki
Declaration of 1964 and its later amendments.

Assessments

Demographic and clinical characteristics were
recorded at the screening visit. Relapses were
assessed at baseline and at follow-up clinic visits
every 6 months (± 1 month) [8]. EDSS assess-
ments and anti-JCV antibody tests [6, 9] were
conducted at the screening visit and every
6 months (± 1 month) from baseline. Patients
who had an anti-JCV antibody-positive test
result during the course of the study could
continue on natalizumab at the discretion of
the treating neurologist.

MRI was conducted at baseline and yearly
thereafter and analyzed by a central reader,
NeuroRx Research (Montreal, Quebec, Canada).
A standardized MRI protocol and quantitative
image analysis were used in this study. The

pulse sequences included proton density-
weighted, T2-weighted, and T1-weighted scans
acquired pre-gadolinium injection; a fluid-at-
tenuated inversion-recovery scan immediately
post-gadolinium injection; and a T1-weighted
scan post-gadolinium injection. All scans for
each subject were performed on the same
scanner and head coil throughout the study.
Images were quantitatively analyzed by the
central MRI reading center to calculate total T2
lesion volume, Gd? lesion count, and new or
newly enlarging T2 lesion count using the
center’s automated image analysis pipeline fol-
lowed by expert review to remove any false-
positive lesions.

Twenty-four-week CDW was defined as a
C 1.5-point increase from a baseline EDSS score
of 0.0, a C 1.0-point increase from a baseline
EDSS score of 1.0 to \6.0, or a C 0.5-point
increase from a baseline score C 6.0, confirmed
24 weeks later.

NEDA included attainment of both Clinical
NEDA, defined as no relapses and no 24-week
CDW, and MRI NEDA, defined as no Gd?
lesions and no new or newly enlarging T2
lesions.

Results based on additional secondary out-
come measures collected in STRIVE, including
confirmed disability improvement, retinal
nerve fiber layer thickness, low- and high-con-
trast visual acuity, cognitive impairment,
capacity for work, and quality of life, will be
published separately.

Any SAE that occurred between the time of
informed consent and the end of the study was
reported by the participating neurologist or
designee as soon as possible, preferably within
24 h of his/her becoming aware of the event.

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 continued to follow-up with the patient as
per the protocol schedule of assessments
through month 48. 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 assess-
ments, after which no further data were
collected.

Table 1 continued

Known active malignancies, with the exception of

cutaneous basal cell carcinoma that had been

completely excised prior to study entry

Women breastfeeding, pregnant, or planning to

become pregnant, or not postmenopausal or surgically

sterile but unwilling to practice contraception

Inability to comply with study requirements

DMT disease-modifying therapy, EDSS Expanded Dis-
ability Status Scale, JCV JC virus, MS multiple sclerosis
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Endpoints

The primary study endpoints were the propor-
tion of patients achieving NEDA in years 1 and
2 and Clinical NEDA in years 3 and 4. Secondary
endpoints reported in this article included
baseline characteristics that predicted NEDA
and Clinical NEDA in year 4 as well as ARR,
24-week CDW, MRI measures (Gd? and new or
newly enlarging T2 lesions), and SAEs.

Statistical Analysis

Analyses were conducted in the intent-to-treat
(ITT) population, defined as all enrolled
patients who completed informed consent and
received C 1 dose of natalizumab in STRIVE.

To account for potential disease activity
shortly after natalizumab initiation, an
exploratory analysis assessed NEDA over years
2–4 following MRI rebaselining at year 1.
Patients with missing data who did not exhibit
disease activity on the available measurements
were excluded from the analysis of NEDA,
whereas patients missing data who had disease
activity on C 1 measurement were considered
not to have achieved NEDA.

In general, continuous variables were ana-
lyzed using summary statistics, and categorical
variables were analyzed using frequency distri-
butions. Analyses were conducted using two-
sided tests with a type I error rate of 0.05.
Multivariate logistic regression tested the asso-
ciation between baseline characteristics,
including age, sex, MS disease duration, prior
MS treatment history, relapses in the prior year,
EDSS score, Gd? lesions, T2 lesion volume, and
NEDA and Clinical NEDA status in year 4. These
baseline characteristics were considered poten-
tial confounders for each other. A confounder
was included if it changed any coefficients of
other covariates in the model. ARRs were ana-
lyzed with a repeated Poisson model, and
cumulative probabilities of CDW were esti-
mated using the Kaplan-Meier method. To
assess the robustness of the results and any
potential attrition bias linked to treatment
effectiveness, sensitivity analyses on NEDA,
Clinical NEDA, MRI NEDA, ARR, CDW, and

MRI were performed using the data from all
patients who completed the 4-year study on
natalizumab. The total number and incidence
of SAEs were estimated based on the proportion
of patients experiencing C 1 SAE in the ITT
population.

Data Availability Statement

The datasets generated and/or analyzed during
the current study are not publicly available. The
authors and company are fully supportive of
allowing independent assessment and verifica-
tion of these results. Requests for de-identified
data should be made via the established com-
pany data-sharing policies and processes
detailed on the website http://clinicalresearch.
biogen.com/.

RESULTS

Patient Enrollment and Baseline
Characteristics

Table 2 summarizes the baseline characteristics
of the ITT population (n = 222). Patients had
active disease at baseline, as indicated by a Gd?
lesion count ranging from 0 to 71 (median = 0)
and a median (range) EDSS score of 2.0 (0–6.5),
as well as a median (range) of 1 (0–12) relapses
in the year before natalizumab treatment initi-
ation. Half of the patients in the ITT population
had a history of MS treatment, the majority of
whom were previously on injectables (i.e., any
interferon or glatiramer acetate). Baseline char-
acteristics for patients who completed all 4 years
of the study on natalizumab treatment (termed
‘‘4-year natalizumab completers’’; n = 105) were
similar to those of the ITT population (Table 2).

Patient enrollment and disposition data are
shown in Fig. 1.

Overall, 91 of 222 patients (41.0%) discon-
tinued natalizumab (Table 3) and 67 of 222
patients (30.2%) withdrew from the study
(Fig. 1). The top reason for natalizumab dis-
continuation was seroconversion to anti-JCV
antibody-positive status/elevated index/PML
risk (n = 27). Reported lack of efficacy was listed
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Table 2 Baseline characteristics of the intent-to-treat (ITT) population and of patients who completed 4 years of natal-
izumab treatment

Baseline characteristic ITT population
(n = 222)

4-Year natalizumab completers
(n = 105)

Age, mean (SD), years 34.0 (9.0) 34.1 (8.9)

Female, n (%) 161 (72.5) 74 (70.5)

Race and ethnicity, n (%)a

White, not Hispanic or Latino 152 (68.5) 71 (67.6)

Black or African American 40 (18.0) 24 (22.9)

Hispanic or Latino 18 (8.1) 6 (6.3)

Asian, American Indian, or Alaska Native 3 (1.4) 2 (1.9)

Time from diagnosis of MS, mean (SD), years 1.6 (0.8) 1.62 (0.8)

Time since MS symptom onset, mean (SD), years 3.0 (2.6) 2.83 (2.3)

Number of relapses in the past year

Mean (SD) 1.4 (1.2) 1.43 (0.9)

Median (range) 1 (0–12) 1.00 (0–4)

EDSS score

Mean (SD) 2.0 (1.1) 2.0 (1.0)

Median (range) 2.0 (0–6.5) 2.0 (0–4.0)

T2 lesion volume, median (range), cc 3.9 (0–61.6)b 4.5 (0–61.6)c

Number of Gd? lesions, median (range) 0 (0–71)b 0 (0–71)c

Patients with no Gd? lesions, n (%) 114 (57.9)b 50 (51.6)c

MS treatment history, n (%)d 111 (50.0) 45 (42.9)

Any interferon 54 (48.6) 27 (60.0)

Intramuscular interferon beta-1a 29 (26.1) 12 (26.7)

Subcutaneous interferon beta-1b 10 (9.0) 7 (15.6)

Subcutaneous interferon beta-1a 19 (17.1) 8 (17.8)

Glatiramer acetate 50 (45.0) 17 (37.8)

Dimethyl fumarate 7 (6.3) 3 (6.7)

Prednisolone 7 (6.3) 0 (0.0)

IV methylprednisolone 6 (5.4) 2 (4.4)

Teriflunomide 3 (2.7) 1 (2.2)

Methylprednisolone 3 (2.7) 0 (0.0)

Fingolimod 1 (0.9) 0 (0.0)

Medrol dose pack 1 (0.9) 0 (0.0)

Duration of MS treatment in those with history of use, weeks

Mean (SD) 37.4 (29.1) 40.45 (33.4)
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as a reason for discontinuation of natalizumab
in only eight patients (Table 3). The top reason
for study withdrawal was withdrawal of consent
(n = 24).

At screening, anti-JCV antibody status was
known for 200 of the 222 patients included in
the ITT population (Fig. 2). As patients with a
positive test result were excluded, all 200
patients with a known antibody status were JCV

Table 2 continued

Baseline characteristic ITT population
(n = 222)

4-Year natalizumab completers
(n = 105)

Median (min, max) 30.6 (0.4, 165.4) 31.4 (1.1, 165.4)

DMT disease-modifying therapy, EDSS Expanded Disability Status Scale, Gd? gadolinium enhancing, IV intravenous, max
maximum, min minimum, MS multiple sclerosis, SD standard deviation
a Data were missing for 9 of 222 patients (4.1%)
b n = 197
c n = 97
d Patients may have reported prior use of[ 1 treatment

Fig. 1 Patient disposition. JCV JC virus ITT intent to treat
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negative at screening. Of the 22 patients who
did not have anti-JCV antibody testing at
screening, 4 had unknown test results
throughout the remainder of the study, 9 had a
negative test result at month 6, and 5 had a
negative test result at month 12. One patient
who did not have a test result at screening or
month 6 tested positive for anti-JCV antibodies
at month 12. Another patient who did not have
a test result at screening, month 6, or month 12
tested negative for anti-JCV antibodies at
month 18. Finally, two patients did not have
test results until month 48; both were JCV
negative at that time. Of the four patients with
unknown test results throughout the remainder
of the study, all were considered eligible for
inclusion in the study based on a negative anti-
JCV antibody status within 6 months prior to
screening. For those patients in whom anti-JCV
antibody results were known at month 6 and

subsequent time points, the percentage who
remained JCV negative decreased from 88.8% at
month 6 to 77.9% at month 48.

NEDA

In the ITT population, 56.1% and 73.6% of
patients achieved NEDA in years 1 and 2,
respectively; 84.6% and 91.9% of patients
achieved Clinical NEDA in years 3 and 4,
respectively (Fig. 3). The exploratory analysis
with MRI rebaselining at year 1 found that
70.1% of patients achieved Clinical NEDA,
83.7% achieved MRI NEDA, and 58.0% of
patients achieved NEDA in years 2–4 (Fig. 3).
Similar results were observed in the 4-year
natalizumab completers.

Among the baseline characteristics evaluated
for predictors of NEDA (age, sex, MS disease
duration, MS treatment history, relapse in the
prior year, EDSS score, Gd? lesions, and T2
lesion volume), T2 lesion volume [ 4 cc was
significantly associated with Clinical NEDA in
year 4 (Fig. 4). Baseline T2 lesion volume[4 cc
was also significantly associated with NEDA in
year 4, as was baseline EDSS score B 2.0 (Fig. 4).

Exploratory analyses showed that achieve-
ment of NEDA in year 4 was not significantly
associated with Clinical NEDA, MRI NEDA, or
NEDA status in year 1 (Fig. 5). Of the patients
who had disease activity in year 1 (n = 82),
64.6% exhibited new or newly enlarging T2
lesions, whereas relapses, 24-week CDW, and
Gd? lesions were each seen in B 28.0% of
patients (Table 4). Among patients with disease
activity in years 2 (n = 43), 3 (n = 42), and 4 (n =
35), 41.9%, 47.6%, and 62.9%, respectively, had
new or newly enlarging T2 lesions in those years
(Table 4). Similarly, an exploratory analysis of
achievement of NEDA over years 2–4 based on
NEDA status in year 1 indicated that the likeli-
hood of achieving NEDA over years 2–4 was
generally similar irrespective of whether NEDA
was achieved in year 1 (data not shown).

Clinical and MRI Outcomes

In the ITT population, ARR decreased by 90.0%,
from 1.41 (95% confidence interval [CI]:

Table 3 Reasons for natalizumab discontinuation in the
intent-to-treat population

Reason for natalizumab discontinuation,
n (%)

N = 222

Any reason 91 (41.0)

Investigator decision 7 (3.2)

Consent withdrawn 11 (5.0)

Compliance 10 (4.5)

Pregnancy/desire to become pregnant 7 (3.2)

Adverse event 10 (4.5)

Reported lack of efficacy 8 (3.6)

Seroconversion to anti-JCV positive status/

elevated index/PML risk

27 (12.2)

Lost to follow-up 3 (1.4)

Insurance change 3 (1.4)

Anti-natalizumab antibodies 2 (0.9)

Death 1 (0.5)

Unknown/other 2 (0.9)

JCV JC virus, PML progressive multifocal
leukoencephalopathy
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1.19–1.66) in the year prior to natalizumab to
0.14 (95% CI 0.10–0.21) at the end of the study
(p\ 0.0001; Fig. 6a). At year 4, the cumulative
probability of 24-week CDW was 19.3%
(Fig. 6b). Similar results were observed in the
4-year natalizumab completers, with an ARR of
0.12 and a cumulative probability of 24-week
CDW of 17.3% at year 4. The mean (standard
deviation) EDSS score at year 4 was 1.77 (1.55)
and 1.78 (1.54) for the ITT population and the
4-year natalizumab completers, respectively.

In the ITT population, in each year, the
mean number of new or newly enlarging T2
lesions was B 1.02 and the median number of
new or newly enlarging T2 lesions was 0, with a
range of 0–23 in year 1 and 0–41 in year 4. In
each year, the mean number of Gd? lesions was
B 0.07 and the median number of Gd? lesions
was 0, with a range of 0–3 in year 1 and 0–2 in
year 4 (Table 5). The reduction from baseline in
the number of Gd? lesions was significant in
years 1–4 (p \ 0.0001 for all). Similar results
were observed in the 4-year natalizumab
completers.

Safety

SAEs were reported in 25 of 222 patients (11.3%;
Table 6), with no cases of PML. SAEs reported in
C 2 patients included MS relapse (n = 5; 2.3%),
intervertebral disc protrusion (n = 2; 0.9%), and
suicide attempt (n = 2; 0.9%). One patient had a
treatment-related SAE, an anaphylactic reac-
tion, but was not hospitalized for evaluation.
One patient had an SAE leading to death. The
cause of death was reported as ‘‘traumatic brain
injury, subdural hematoma’’ and was not con-
sidered by the investigator to be treatment
related. The patient had received only one dose
of natalizumab, and the death was reported[3
months after natalizumab administration.

DISCUSSION

In this 4-year study of natalizumab-treated
patients with early RRMS, the primary study
objective was to determine the impact of
natalizumab treatment on achieving NEDA in
years 1 and 2 and Clinical NEDA in years 3 and
4. The results showed that 56.1% and 73.6% of
patients achieved NEDA in years 1 and 2,

Fig. 2 Anti-JC virus antibody status in the intent-to-treat population by change from previously available test result
(regardless of whether the patient remained on natalizumab treatment or not)
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respectively, and 84.6% and 91.9% of patients
achieved Clinical NEDA in years 3 and 4,
respectively. An increase in the rate of NEDA

after the first year of natalizumab treatment has
previously been reported; in AFFIRM, the pro-
portion of patients achieving NEDA increased

Fig. 3 aNo evidence of disease activity (NEDA), b clinical
NEDA, and cMRI NEDA in each year of STRIVE and in
years 2–4 of STRIVE with rebaselining in the STRIVE
intent-to-treat (ITT) and 4-year natalizumab completer

populations. Clinical NEDA no relapses or 24-week
confirmed disability worsening, MRI NEDA no gadolin-
ium-enhancing lesions and no new or newly enlarging T2-
hyperintense lesions

Adv Ther (2021) 38:3724–3742 3733
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from 47% in year 1 to 68% in year 2 [2]. In year
1 of STRIVE, which was similar to AFFIRM [2], a
smaller proportion of patients achieved MRI
NEDA than Clinical NEDA. Furthermore, in
patients with disease activity in year 1 (n = 82),
64.6% exhibited new or newly enlarging T2
lesions. Thus, MRI disease activity before or
shortly after natalizumab initiation may have
contributed to a lower proportion of patients
achieving NEDA early in STRIVE. However, the
percentage of patients who achieved NEDA in

year 4 did not differ significantly by Clinical
NEDA, MRI NEDA, or NEDA status in year 1,
indicating that any disease activity in the first
year of STRIVE did not impact the likelihood of
NEDA later on.

In addition to annual assessments, the
cumulative proportion of patients with NEDA
in years 2–4 was analyzed. Due to potential
disease activity prior to the onset of action of
any given DMT, clinical guidance recommends
conducting a brain MRI approximately
6 months after switching to another DMT to
establish a new baseline [10]. In STRIVE, MRIs
were conducted on an annual basis and, there-
fore, re-baselining for this analysis was con-
ducted at 1 year. Generally consistent with the
annual rates, this exploratory analysis demon-
strated that 70.1% of patients achieved Clinical
NEDA, 83.7% achieved MRI NEDA, and 58.0%
of patients achieved NEDA in years 2–4 with
rebaselining at year 1.

bFig. 4 Baseline characteristics that predicted a clinical
NEDA and b NEDA in the intent-to-treat ITT popula-
tion at year 4 of STRIVE. Odd ratios (ORs) are based on
multivariate logistic regression. Statistically significant
predictors (p\ 0.05) are shown in bold. CI confidence
interval, Clinical NEDA no relapses or 24-week confirmed
disability worsening, EDSS Expanded Disability Status
Scale, Gd? gadolinium enhancing, MS multiple sclerosis,
NEDA no evidence of disease activity

Fig. 5 No evidence of disease activity (NEDA) status in
year 4 by clinical NEDA, MRI NEDA, or NEDA status in
year 1 in the intent-to-treat (ITT) population. p values are
based on unadjusted logistic regression models. Patients
with NEDA status available during both years 1 and 4 are

included. CI confidence interval, Clinical NEDA no
relapses or 24-week confirmed disability worsening, MRI
NEDA no gadolinium-enhancing lesions and no new or
newly enlarging T2-hyperintense lesions, OR odds ratio
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One of the main secondary objectives of
STRIVE was to identify which baseline charac-
teristics, if any, could predict NEDA and Clinical
NEDA in year 4. The results indicated that
baseline EDSS score B 2.0 and T2 lesion vol-
ume[ 4 cc were significant predictors of NEDA
in year 4, with the latter also predicting Clinical
NEDA in year 4. A lower baseline EDSS score was
previously shown to be associated with a greater
chance of maintaining NEDA in natalizumab-
treated relapsing MS patients at 7 years [11].
STRIVE, however, is the first study to identify
baseline T2 lesion volume[4 cc as a significant
predictor of long-term (i.e., 4-year) NEDA and
Clinical NEDA in natalizumab-treated patients.
One potential reason for this association may be
natalizumab’s mechanism of action. Natal-
izumab reversibly disrupts the interaction
between an a4-integrin, expressed on the sur-
face of all leukocytes with the exception of
neutrophils, and its receptors, suppressing the
formation of Gd? lesions after the first infusion
and allowing for a fast onset of action in
relapsing MS patients [12]. The underlying
pathology of T2 lesions in MS patients is known
to be nonspecific and may reflect varying
degrees of inflammation, demyelination, glio-
sis, edema, and tissue loss [13]. However, as
STRIVE enrolled RRMS patients within 3 years
of their diagnosis, extensive tissue loss would
not be expected. Therefore, one potential
hypothesis is that natalizumab may allow time

for the T2 lesions, which reflect overall burden
of disease, to resolve and potentially even repair
in early RRMS patients, with the effect likely to
be most evident in those with a high T2 lesion
burden at baseline. Further studies are needed
to confirm the association between baseline T2
lesion volume and long-term NEDA.

Consistent with the high ([ 80%) annual
rates of Clinical NEDA in STRIVE, the results of
the secondary objectives evaluating ARR and
24-week CDW showed low levels of clinical
disease activity. In particular, the ARR decreased
by 90.1%, and the cumulative probability of
24-week CDW at 4 years was also low (19.3%).
Similar results were found in the interim anal-
ysis of the real-world Tysabri Observational
Program (TOP), in which the ARR decreased by
84.9%, from 1.99 the year before treatment
initiation to 0.30 at 1 year of treatment,
remaining low (\0.31) through 5 years, and
with a 16% cumulative probability of 24-week
CDW at 5 years [14]. Similarly low levels of MRI
disease activity, evidenced by the fact that
83.7% of patients achieved MRI NEDA follow-
ing MRI rebaselining at year 1, are also sup-
ported by results of the secondary objective
evaluating annual MRI outcomes. The median
number of 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

Table 4 Patients with disease activity in the intent-to-treat (ITT) population

Year 1
(n = 187)

Year 2
(n = 163)

Year 3
(n = 147)

Year 4
(n = 139)

Patients with disease activity, n (%)a 82 (43.8%) 43 (26.4%)c 42 (28.6%)c 35 (25.2%)c

Patients who relapsed, n (%)b 23 (28.0%) 20 (46.5%) 15 (35.7%) 11 (31.4%)

Patients with CDW, n (%)b 19 (23.2%) 8 (18.6%) 10 (23.8%) 2 (5.7%)

Patients with C 1 Gd? lesion, n (%)b 8 (9.8%) 6 (14.0%) 4 (9.5%) 9 (25.7%)

Patients with C 1 new or enlarging T2 lesion, n (%)b 53 (64.6%) 18 (41.9%) 20 (47.6%) 22 (62.9%)

CDW confirmed disability worsening, Gd? gadolinium enhancing
a Included patients who displayed disease activity on C 1 no evidence of disease activity (NEDA) parameter
b The denominator is the number of patients with disease activity in the respective year
c Number of patients who previously had disease activity (year 2: n = 27; year 3: n = 27; year 4: n = 24)
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well-established safety profile of natalizumab
[1, 5, 15, 16], and there were no cases of PML.
The rate of natalizumab discontinuation in

STRIVE (41.0%) was less than that reported in
other observational studies of MS patients trea-
ted with natalizumab (47.4–52.2%) [15, 16].

Fig. 6 Summary of the clinical outcome measures a annu-
alized relapse rate (ARR) and b 24-week confirmed
disability worsening over 4 years in STRIVE in the

intent-to-treat (ITT) and 4-year natalizumab completer
populations. Dashed lines indicate 95% confidence interval
(CI)
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Several limitations of the STRIVE study,
including the lack of a comparator group and
the open-label study design, have previously
been described [8]. In addition, sample sizes
were reduced by attrition and missing data,
particularly with respect to the NEDA analyses,
which used a very conservative approach with
respect to the inclusion of patients. To assess
the robustness of the results and address any
potential attrition bias, sensitivity analyses on
NEDA, Clinical NEDA, MRI NEDA, ARR, CDW,
and MRI 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 noted as a reason for treat-
ment discontinuation in a small number of
patients, whereas seroconversion to anti-JCV
antibody-positive status/elevated index/PML
risk was the most common reason for treatment
discontinuation, which is consistent with other
observational studies that reported anti-JCV
antibody-positive status/PML risk as the most
common reason for natalizumab discontinua-
tion [15, 17]. As STRIVE was initiated before the

publication of evidence that the anti-JCV anti-
body level (index) may further differentiate
PML risk in natalizumab-treated MS patients
without prior immunosuppressant use [6], anti-
JCV antibody index data were very limited.

While STRIVE was a single-country study, its
results are consistent with those of the TOP
study, which included 17 countries outside the
US. STRIVE, unlike TOP, also provided long-
term effectiveness data on MRI outcomes,
which are routinely used in clinical practice for
monitoring the effectiveness of DMTs. In addi-
tion, the STRIVE study population was restric-
ted to patients who were JCV negative at study
initiation, which aligns with the JCV antibody
status of most patients initiating natalizumab in
the US [18]. In STRIVE,[75% of patients with
available serostatus data at year 4 remained JCV
negative.

CONCLUSIONS

The results from STRIVE support the long-term
effectiveness and safety of natalizumab treat-
ment. Identified baseline predictors of NEDA
(lower EDSS score and higher T2 lesion volume)

Table 6 Summary of serious adverse events (SAEs) over 4 years in the intent-to-treat population

Category, n (%) N = 222

Patients with C 1 SAE 25 (11.3)

SAEs reported in C 2 patients, MedDRA preferred term, n (%)a

MS relapse 5 (2.3)

Intervertebral disc protrusion 2 (0.9)

Suicide attempt 2 (0.9)

Patients with C 1 treatment-related SAE 1 (0.5)b

Patients with C 1 SAE leading to death 1 (0.5)c

SAEs that occurred from the first dose of natalizumab through 30 days after the last dose are included
MedDRA Medical Dictionary for Regulatory Activities, MS multiple sclerosis
a No cases of progressive multifocal leukoencephalopathy were reported
b The event reported in this patient was anaphylactic reaction. No diagnostic tests were performed to confirm or evaluate
this event. The patient was transported to the emergency department and observed for\ 4 h but was not hospitalized for
evaluation of the event
c The cause of death was reported as ‘‘traumatic brain injury, subdural hematoma,’’ and the event was judged by the
investigator to be unrelated to treatment. The patient received only one dose of natalizumab. The death was
reported[ 3 months after the patient received natalizumab
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and Clinical NEDA (higher T2 lesion volume)
may be valuable to clinicians in considering the
benefits and risks of initiating natalizumab
treatment in JCV-negative patients with early
RRMS.
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