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ABSTRACT

Introduction: Natalizumab, a therapy for
relapsing–remitting multiple sclerosis (RRMS),
is associated with a risk of progressive multifo-
cal leukoencephalopathy (PML). Over the last
several years, practitioners have used off-label
extended interval dosing (EID) of natalizumab

to reduce PML risk, despite the absence of a
large-scale efficacy evaluation.
Methods: We conducted a retrospective, mul-
ticenter cohort study among adults with RRMS
receiving stable standard interval dosing (SID),
defined as a C 12-month consecutive period
of C 11 natalizumab infusions/year in France.
We compared the 12-month risk difference of
remaining relapse-free (primary endpoint)
between patients who switched to EID (B 9
natalizumab infusions) and those who
remained on SID, with a noninferiority margin
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Unité de Biostatistiques et de Recherche Clinique,
CHU de Caen-Cote de Nacre, Caen, France

C. Lebrun-Frenay � M. Cohen � L. Mondot
Centre de Ressources et Compétence Sclérose en
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Plaques (CRCSEP), Département de Neurologie,
CHRU de Strasbourg Hôpital de Hautepierre,
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of - 11%. We used propensity score methods
such as inverse probability treatment weighting
(IPTW) and 1:1 propensity score matching
(PSM). Secondary endpoints were annualized
relapse rate, disease progression, and safety.
Results: Baseline characteristics were similar
between patients receiving EID (n = 147) and
SID (n = 156). The proportion of relapse-free
patients 12 months postbaseline was 142/147 in
the EID (96.6%) and 144/156 in the SID group
(92.3%); risk difference (95% CI) 4.3% (- 1.3 to
9.8%); p\ 0.001 for non-inferiority. There were
no significant differences between relapse rates
(0.043 vs. 0.083 per year, respectively; p = 0.14)
or Expanded Disability Status Scale mean scores
(2.43 vs. 2.72, respectively; p = 0.18); anti-JC
virus index values were similar (p = 0.23); and
no instances of PML were reported. The com-
parisons using IPTW (n = 306) and PSM
(n = 204) were consistent.
Conclusion: These results support the perti-
nence of using an EID strategy for RRMS
patients treated with natalizumab.
Clinical Trials: gov identifier (NCT04580381).

Keywords: Extended interval dosing; Multiple
sclerosis; Natalizumab; Real-world evidence

Key Summary Points

Natalizumab, a therapy for
relapsing–remitting multiple sclerosis
(RRMS), is associated with a risk of
progressive multifocal
leukoencephalopathy (PML), a severe but
rare opportunistic infection of the central
nervous system.

Over the last several years, practitioners
have used off-label extended interval
dosing (EID) of natalizumab to reduce
PML risk, despite the absence of a large-
scale efficacy evaluation.

We conducted a real-world, retrospective,
multicenter, noninferiority study using
lack of relapse as the primary clinical
endpoint and evaluating the efficacy in
French patients with RRMS who switched
to natalizumab EID ([5-week interval)
after at least 12 months of SID in
comparison with those who continued on
SID.

The proportion of relapse-free patients at
12 months postbaseline was similar for
the EID and SID groups; there were no
significant differences between relapse
rates or Expanded Disability Status Scale
mean scores, and no instances of PML
were reported.

These results indicate that patients
established on the approved dosing of
300 mg natalizumab Q4W can switch to
Q6W EID with no loss in clinical efficacy.

INTRODUCTION

Many innovative drugs have become available
to treat active relapsing–remitting multiple
sclerosis (RRMS). Natalizumab, an anti-a4b1
integrin receptor monoclonal antibody, is
highly efficacious in reducing relapse rates,
radiological activity, and disability progression
in large-scale randomized trials [1–3] and real-
world studies [4–6]. However, natalizumab
treatment is associated with progressive multi-
focal leukoencephalopathy (PML), a severe but
rare opportunistic infection of the central ner-
vous system [7, 8]. Therefore, the therapeutic
advantages of natalizumab need to be weighed
against the risk of PML. Risk mitigation strate-
gies have been developed, mainly based on
monitoring three risk factors: the presence of
anti-JC virus (JCV) antibodies, prior
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immunosuppressant use, and duration of
natalizumab treatment beyond 2 years [9].

Extended interval dosing (EID) has emerged
as another potential strategy for natalizumab-
associated PML risk mitigation. Natalizumab
was approved with 300-mg infusions at the
standard interval dosing (SID) every 4 weeks
(Q4W) [10]. A combination of pharmacological
studies and observations of clinical disease
activity after natalizumab cessation have sug-
gested that dosing intervals[ 4 weeks could
potentially maintain a high level of efficacy
while reducing the risk of PML by allowing a
base level of immunological surveillance
[2, 11–18].

Over the last several years, practitioners
worldwide have been using off-label EID of
natalizumab at variable dosing intervals to
reduce the risk of PML, despite the absence of a
large-scale efficacy evaluation. In a retrospective
analysis of the TOUCH (Tysabri Outreach:
Unified Commitment to Health) Prescribing
Program, an average EID period of every 6 weeks
(Q6W) was associated with a significant reduc-
tion of PML risk in comparison with SID in anti-
JCV antibody-positive patients with RRMS [19];
however, this database does not capture effec-
tiveness outcomes. Other retrospective studies
have suggested that natalizumab’s effectiveness
in terms of clinical or radiologic outcomes is not
diminished after switching to an EID regimen of
approximately 6 weeks after at least 6 months of
stable SID treatment, though these studies are
generally limited by the lack of well-matched
treatment cohorts and variable definitions of
EID [20–24]. However, in a study of patients
who were treated for at least 1 year with SID and
then switched to an every-12-week schedule,
the 12-week EID schedule did not adequately
control radiologic or clinical disease activity
[25], and recent models of natalizumab efficacy
showed that disease activity is more likely to
return with a switch to dosing intervals greater
than Q6W [26].

Recently published results of the random-
ized, controlled phase 3b trial NOVA
(NCT03689972) have demonstrated the efficacy
of natalizumab in patients with RRMS who were
stable on Q4W dosing for at least 1 year and
were randomized to Q6W dosing in comparison

with patients who remained on Q4W dosing.
The primary endpoint was the number of new
or newly enlarging T2 lesions at 72 weeks.
Analysis of the NOVA primary endpoint and
secondary magnetic resonance imaging (MRI)
and clinical endpoints suggest that patients
who are stable on natalizumab Q4W dosing can
switch to Q6W dosing without a clinically
meaningful loss of efficacy [27].

In this context, we conducted the first
French real-world, retrospective, multicenter,
noninferiority study using lack of relapse as the
primary clinical endpoint and evaluating the
efficacy in patients with RRMS who switched to
natalizumab EID ([ 5-week interval) after at
least 12 months of SID in comparison with
those who continued on SID.

METHODS

Design

This was a retrospective, multicenter, noninfe-
riority study in patients with RRMS in real-
world clinical practice in France. The study was
conducted in accordance with the Declaration
of Helsinki and was approved by the local ethics
committee in Caen (file number 1454), and it is
registered in the ClinicalTrials.gov database
(NCT04580381). The patients’ informed con-
sent to the study was collected when they were
included in the EDMUS (European Database for
Multiple Sclerosis) follow-up programs or
through an informative document validated by
the local ethics committee and provided by
each center. According to a standardized pro-
cedure, our study collected demographic, clini-
cal, and radiological characteristics of eligible
natalizumab-treated patients in each partici-
pating center through January 5, 2020. Patients
were selected from the EDMUS database and
medical files from a secured local database
(Percy Hospital, Clamart, France). Patients were
assigned to the SID or EID group according to
inclusion criteria. The statistical analysis was
performed at the main investigative center in
Caen, France.
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Objectives

Our main objective was the evaluation of the
EID strategy’s efficacy in RRMS in terms of
relapse rate. Secondary objectives comprised the
effectiveness of the EID strategy with regard to
disability progression and clinical disease
activity and a safety evaluation in terms of PML.

Inclusion and Data Collection

Patients were included if they were at least
18 years old and had received at least 11 infusions
of natalizumab over 12 months as disease-mod-
ifying monotherapy for RRMS using the
approved dosing and before the period of inter-
est. Patients who were pregnant during the per-
iod of interest or the previous 12 months were
excluded. Additionally, patients were excluded if
their natalizumab infusion history, clinical his-
tory, or both were not available; if they had a
dosing gap, defined as C 12 weeks between any
two doses; or if they had an overdose, defined
as\3 weeks between any two doses.

According to the following strategy, patients
were assigned to one of two groups. Patients
were assigned to the EID group if the 12 months
of SID were followed by B 9 natalizumab infu-
sions in the next 12 months. Patients were
assigned to the SID group if they had a contin-
uous 24-month period of SID, defined as C 11

infusions per year, without any period of EID in
their therapeutic history (Fig. 1).

Baseline demographic and clinical charac-
teristics included age at the start of the period of
interest (hereafter referred to as baseline); body
mass index (BMI); RRMS disease duration at
baseline; previous disease-modifying therapies;
disability at baseline evaluated by the Expanded
Disability Status Scale (EDSS); natalizumab
therapy duration, defined as the period in
months between the first infusion and the date
specified as baseline; and anti-JCV serology
status. T2 FLAIR MR image files were collected at
baseline and 12 months when available.

Outcomes

Our primary endpoint was the proportion of
patients presenting with no relapse 12 months
after baseline. Our secondary efficacy endpoints
comprised disability progression evaluated by
the EDSS score; the annualized relapse rate
(ARR), measured at 12 months and character-
ized by the number of clinical relapses diag-
nosed by the attending neurologist according to
clinical criteria recorded during follow-up; the
overall efficacy in relation to clinical disease
activity (defined as the absence of a clinical
relapse and no worsening of EDSS at 12 months,
which is defined as the absence of EDSS pro-
gression or\1 point as previously published

Fig. 1 Study design
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[28]); and change in lesion volume detected by
T2 fluid-attenuated inversion recovery.

Centralized MRI examinations were per-
formed at baseline and 12 months to evaluate the
total lesion volume and its evolution (new
lesions or enlargement of preexisting T2 lesions).
Automated analysis software was used with an
algorithm based on a convolutional neural net-
work allowing the integration of multiple levels
of volumetric data interpretation with autocor-
rections and operating according to a learning
method (Pixyl La Tronche, France) [29].

Safety endpoints included PML cases repor-
ted in the patients’ medical files and JCV index
evolution during follow-up when available.

Statistical Analyses

Power and Planned Sample Size
In the retrospective database, we had antici-
pated that the number of patients who switched
to EID would be 109. With three hypothetical
SID controls per EID case, we computed a priori
that by assessing a frequency of 80% in the
primary outcome, 5% alpha risk, and 80%
power, this sample would provide a noninferi-
ority margin of 11%.

The ratio of controls per case was not
reached, and we decided to analyze all available
data with the planned empiric noninferiority
margin.

Statistical Analysis Plan
Characteristics of patients were described by
treatment group (SID vs. EID) as count (per-
centage) and mean (standard deviation) or
median (interquartile range) for qualitative and
quantitative variables, respectively.

The percentage of success, defined as no
relapse, was compared between the SID and EID
groups by the noninferiority test for the risk
difference with a noninferiority margin of
-11% using the Farrington–Manning test.

Baseline differences between treatment-de-
fined groups may differ because the two groups
were not randomized. Therefore, we analyzed
our data using propensity score methods. We
used two different strategies to address the
potential channeling bias for the endpoints,

namely, inverse probability treatment weight-
ing (IPTW) and propensity score matching
(PSM). We modeled the probability of being in
an EID group with a non-parsimonious logistic
regression that included the following variables:
age, sex, BMI, smoking, ARR at inclusion,
number of relapses at inclusion, and the dura-
tion of natalizumab exposure at inclusion. First,
we used the inverse probability of treatment
weighting to weight the noninferiority risk dif-
ference test (stabilized weights) for the primary
endpoint, the generalized linear model with a
Poisson distribution for the ARR, the
Mann–Whitney U test for quantitative sec-
ondary endpoints, and the chi-square test for
qualitative secondary endpoints. Second, we
performed a one-to-one procedure (macro
ONETOMANY) to match treatment groups
based on their propensity scores. Then, we
analyzed this paired population using the non-
inferiority risk difference test for the primary
endpoint, a generalized linear model with a
Poisson distribution taking into account mat-
ched data for the ARR, the Wilcoxon signed-
rank test for quantitative secondary endpoints,
and the McNemar test for qualitative secondary
endpoints.

The shrinkage method was used as a sensi-
tivity analysis to assess the robustness of IPTW
by excluding observations of the most extreme
weights computed from the propensity score.
For the propensity-score-matching model, we
performed a sensitivity analysis using a multi-
variate generalized linear model with a bino-
mial and Poisson distribution, taking into
account the matched data for at least one
relapse and ARR at 12 months to adjust for
therapy groups and ARR at baseline.

Raw baseline characteristics were compared
between groups using the chi-square or Fisher
exact test for categorical variables and the Stu-
dent t or Mann–Whitney U test for continuous
variables according to their distribution. After
adjusting with the IPTW method, we compared
baseline characteristics using the chi-square or
Fisher exact test for categorical variables and the
Student t or Mann–Whitney U test for contin-
uous variables according to their distribution by
weighting on stabilized weights. Baseline char-
acteristics were compared between groups
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before and after the matching procedure using
the standardized mean differences.

A p value of less than 0.05 was considered
significant; all p values were two-tailed. No
adjustment was performed. Statistical analyses
were performed using SAS statistical software,
version 9.4 (SAS Institute Inc., Cary, NC, USA),
and R software, version 3.6.2 (R Foundation for
Statistical Computing).

RESULTS

Patients

In this multicenter cohort study, 400 patients
were eligible for inclusion across the five
recruiting centers. Among this cohort, 15
patients (3.7%) presented at least 1 of the
exclusion criteria, 61 patients (15%) did not
meet the inclusion criteria, and 21 patients
(5.2%) were excluded because of missing data
(Fig. S1 in the Supplementary Information).
Thus, 303 patients (156 patients in the SID
group and 147 in the EID group) were analyzed.
Clinical characteristics at baseline are shown in
Table 1. The dosing interval in the EID group
was 5 or 6 weeks. The features of both the
unadjusted and IPTW populations are summa-
rized in Table 1. After adjustment by stabilized
IPTW, no significant differences were observed
between the groups, except that the duration of
natalizumab exposure at inclusion was signifi-
cantly longer in the EID group. In the sensitivity
analysis by the shrinkage IPTW approach, no
significant differences were observed between
the groups (Table S1 in the Supplementary
Information). A total of 102 patients in the EID
group were 1:1 matched to 102 patients in the
SID group. After matching, no significant dif-
ferences were observed between the groups
(Fig. S2 in the Supplementary Information).

Primary Endpoint

The noninferiority analysis comparing patients
free from relapse during the period of interest
(ARR = 0) in the unadjusted, IPTW, and PSM
models is presented in Fig. 2. In the unadjusted

model, the event’s occurrence in the EID group
(97%) was significantly noninferior in compar-
ison with the SID group (92%) (risk difference
[RD] = 0.043; 95% confidence interval
[CI] -0.013 to 0.09; p\0.001). In the stabilized
IPTW and PSM models, similar results were
observed (RD = 0.057; 95% CI - 0.001 to 0.115;
p\0.001; RD = 0.029; 95% CI - 0.038 to
0.097; p\0.001, respectively). These results
were confirmed in the sensitivity analysis by the
shrinkage approach (RD = 0.034; 95% CI -
0.022 to 0.089; p\0.001) (Fig. 2). In the sen-

sitivity multivariate analysis of the absence of
relapse at 12 months, no significant difference
was observed between the two groups adjusted
for treatment and ARR at baseline (p = 0.410
and p = 0.333, respectively) (Table S2 in the
Supplementary Information).

Secondary Endpoints

Unadjusted Model
In the SID group, 12 (8%) patients had at least
one relapse during the study period, and in the
EID group, 5 (3%) patients had at least one
relapse. The comparison of 12-month outcomes
between both groups is shown in Table 2. At
12 months after inclusion, the ARR was not
significantly different between the two groups
(0.083 ± 0.300 in the SID group vs.
0.041 ± 0.231 in the EID group; p = 0.149), nor
was the difference in EDSS score (2.72 ± 1.85 in
the SID group vs. 2.43 ± 1.74 in the EID group;
p = 0.180). No significant difference was
observed between the SID and EID groups for
the overall clinical disease activity at 12 months
(126 [81%] patients in the SID group vs. 111
[86%] in the EID group; p = 0.236) and the
worsening of EDSS score from baseline to
12 months (20 [13%] patients in the SID group
and 14 [11%] in the EID group; p = 0.610).

IPTW Model
At 12 months after inclusion, the mean (stan-
dard deviation [SD]) ARR was not significantly
different between both groups (SID, 0.098
[0.320] vs. EID, 0.043 [0.238]; p = 0.084), nor
was there a significant difference in the EDSS
score and the worsening of EDSS score (Table 2).
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Table 1 Baseline characteristics in the raw and IPTW populations

Baseline characteristics Raw data IPTW

SID group
(n = 156)

EID group
(n = 147)

p valuea SID group
(wn = 161.0)

EID group
(wn = 145.1)

p valueb

Age (years), mean (SD) 40.2 (10.6) 39.3 (9.7) 0.467 40.9 (10.9) 39.8 (9.5) 0.378

Female, n (%) 123 (79) 110 (75) 0.408 123.0 (76) 112.5 (78) 0.801

BMI(kg/m2), median (IQR)c 24.6

(23.0–25.0)

24.6

(21.7–25.9)

0.192 24.6

(22.9–25.0)

24.6

(21.6–26.2)

0.317

Weight (kg), mean (SD)d 70.2 (15.7) 68.3 (15.5) 0.374 69.4 (15.1) 68.3 (15.9) 0.600

B 80 kg, n (%)d 132 (85) 117 (80) 0.254 86.3 (79) 107.7 (78) 0.735

Any disease-modifying therapy

before natalizumab, n (%)

132 (85) 121 (82) 0.590 137.4 (85) 119.1 (82) 0.444

RRMS disease duration at

baseline (months), median

(IQR)

132.5

(72.0–205.0)

139.0

(83.0–199.0)

0.915 125.0

(67.0–195.0)

142

(84.0–200.0)

0.233

ARR at baseline, median

(IQR)

0.50

(0.23–0.70)

0.40

(0.21–0.67)

0.214 0.40

(0.00–0.70)

0.46

(0.22–0.67)

0.350

Duration of natalizumab

exposure at baseline,

median (IQR), months

28.5

(12.0–73.5)

27.0

(21.0–54.0)

0.259 21.0

(12.0–63.0)

26.0

(21.0–54.0)

0.018

Number of relapses at

baseline, median (IQR)

5.0 (3.0–9.0) 4.0 (3.0–7.0) 0.127 4.0 (2.0–8.0) 5.0 (3.0–8.0) 0.785

EDSS score at baseline, median

(IQR)d
2.0 (1.0–4.0) 2.0 (1.0–4.0) 0.617 2.5 (1.0–4.0) 2.5 (1.0–4.0) 0.788

Positive JCV serology at

baseline, n (%)b
39 (26) 37 (29) 0.588 38.7 (25) 35.2 (28) 0.587

Variables included in the propensity score model are shown in boldface type
ARR annualized relapse rate, BMI body mass index, EDSS Expanded Disability Status Scale, EID extended interval dosing,
IPTW inverse probability treatment weighting, IQR interquartile range, JCV JC virus, RRMS relapsing–remitting multiple
sclerosis, SD standard deviation, SID standard interval dosing, wn weighted number
ap value of the Student t test or Mann–Whitney U test for continuous variables and the chi-square test or Fisher exact test
for qualitative variables
bp value of the Student t test or Mann–Whitney U test for continuous variables and the chi-square test or Fisher exact test
for qualitative variables, weighted on stabilized weights
cImputation by the mean
dBody weight was missing for 70 (23%), EDSS score was missing for 10 (3%), and anti-JCV serostatus was missing for 25
(8%) patients, respectively
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A significant difference was observed in the
overall clinical disease activity (75% in the SID
group vs. 86% in the EID group; p = 0.022).
Similar results were observed in the sensitivity
analyses by the shrinkage approach, except for
overall clinical disease activity (Table 2).

Excluding the most extreme weights in the
baseline characteristics, the overall clinical dis-
ease activity at 12 months was not significantly
different between the two groups (81% in the
SID group vs. 86% in the EID group; p = 0.314).

Fig. 2 a Percentage of patients with at least one relapse during the follow-up according to therapy group and b risk
differences between therapy groups
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PSM Model
At 12 months after inclusion, the mean (SD)
ARR was not significantly different between the
SID (0.088 [0.318]) and the EID (0.059 [0.275])
groups (p = 0.475), nor were the EDSS score
results (Table 2). No significant difference was
observed between the SID and EID groups for
overall clinical disease activity at 12 months (82
[80%] in the SID group vs. 82 [84%] in the EID
group; p = 0.690) or the worsening of EDSS
score from baseline to 12 months (13 [13%]
patients in the SID group vs. 12 [12%] in the EID
group; p[0.999). In the sensitivity multivariate
analysis of ARR at 12 months, no significant
difference was observed between both groups
adjusted for the therapy group and ARR at
baseline (p = 0.543 and p = 0.152, respectively)
(Table S2 in the Supplementary Information).

MRI
Baseline and 12-month MRI data were available
for 92 patients. At 12 months after inclusion,
the median change in lesion volume from
baseline did not differ significantly (p = 0.852)
between the SID group (n = 44, change =
-0.28) and the EID group (n = 48, change =
-0.38) (see Table S3 in the Supplementary
Information).

Safety Endpoints
The anti-JCV index values are described for all
patients who had the value at baseline and/or at
12 months in Table S4 in the Supplementary
Information. In patients who had an anti-JCV
index value at 12 months (n = 258), no signifi-
cant difference was observed between the two
groups in terms of raw index (SID median 0.00,
interquartile range [IQR] [0.00; 0.52]; EID med-
ian 0.00, IQR [0.00; 0.47]; p = 0.627). The anti-
JCV index was only available in 133 patients (63
SID, 70 EID) at both times (at baseline and
12 months). No significant difference was
observed in the variation in JCV index between
baseline and 12-month follow-up (SID median
variation 0.00, IQR [- 0.05; 0.06]; EID median
difference 0.00, IQR [- 0.19; 0.00]; p = 0.230).
No events of PML were reported throughout the
12-month study period.

DISCUSSION

Real-world data based on more diverse and
representative patient populations can comple-
ment randomized clinical trial data by provid-
ing important information to help assess and
monitor responses to disease-modifying thera-
pies in individual patients. These data represent
the first report of the effectiveness of natal-
izumab EID in a French cohort of patients with
RRMS.

In this retrospective study of French patients
with RRMS treated with natalizumab SID for at
least 12 months who then switched to EID or
remained on SID, the proportion of EID patients
in the overall patient cohort who were free of
relapse from baseline to month 12 was signifi-
cantly noninferior in comparison with SID
patients (primary endpoint). Similar results
were obtained for EID and SID patients matched
by IPTW and 1:1 PSM, supporting the finding in
the overall patient group.

Analyses of the study’s secondary endpoints
were consistent with the primary endpoint.
There were no significant differences in EDSS
scores for both dosing groups at 12 months.
From baseline to month 12, ARR was not sig-
nificantly different for EID and SID patients,
and the proportions of patients in each group
with EDSS worsening were similar. An analysis
of the overall clinical disease activity endpoint,
a composite clinical endpoint comprising ARR
and EDSS score over 12 months, also demon-
strated no significant difference for natalizumab
EID and SID patients. The available MRI data for
this French cohort of patients also indicated no
significant differences between treatment
groups for change in lesion volume.

Previous retrospective studies of natalizumab
EID have used variable definitions of EID and
variable requirements for the length of the lead-
in period of SID before switching to EID.
Despite the lack of a strictly defined EID proto-
col, our results from patients using approxi-
mately a Q6W EID are generally consistent with
those in previous retrospective cohort studies of
the clinical efficacy of natalizumab EID vs. SID.
Notably, our findings of noninferiority of EID
compared to SID are consistent with a prior

538 Neurol Ther (2023) 12:529–542



study in 360 Italian patients of the noninferi-
ority of natalizumab EID (median dosing inter-
val of 6 weeks) assessed by ARR for EID versus
SID over approximately 2 years [22]. Addition-
ally, another Italian cohort of 2092 patients
found that EID (median interval of 43 days) did
not lead to a significant difference in relapse
rate, EDSS worsening, or overall clinical disease
activity in comparison with SID [21].

The safety outcomes of this study were lim-
ited to the incidence of PML and related PML
risk factors, including the anti-JCV index value.
No PML was reported in either group over
12 months in this study. The incidence of PML
in the setting of SID is rare enough that small
studies with a short follow-up such as this would
not be expected to detect a significant reduction
in PML incidence between EID and SID. Addi-
tionally, no difference was observed in the anti-
JCV index at baseline and after 12 months.
Although the small sample size limits these
findings, they are concordant with the previous
retrospective analysis of EID safety [19].

Conclusions from this study are generally
limited by the observational, retrospective
design, including potential missing data points.
Even though differences in treatment groups
were adjusted using IPTW and PSM, residual
confounding from unmeasured covariates may
remain. In addition, there is a potential for
treatment decision bias based on factors such as
MS severity and PML risk, which may have
affected the decision to initiate EID or stay with
SID in some individuals. Additionally, possible
center effects from a lack of a standardized
evaluation protocol could lead to differences in
EDSS scoring and MRI evaluations, knowing
that the low percentage of MRI evaluations
performed at baseline and during follow-up
severely limits information regarding subclini-
cal inflammation in this cohort.

Specific study limitations include the small
sample size, and the planned ratio of SID to EID
patients was not reached. The smaller cohort
size was accounted for by adjusting the statisti-
cal methods (1:1 matching for SID and EID
rather than the planned 3:1 matching). Also,
the number of relapses was lower than expec-
ted, increasing the statistical power needed to
demonstrate noninferiority.

This study provides a real-world counterpart
to the prospective randomized phase 3 trial
comparing the efficacy of Q4W and Q6W dos-
ing (NOVA). The similarities between this study
and NOVA—specifically the inclusion require-
ments for patients to have at least 12 months of
natalizumab SID before the start of the study
and a targeted EID period of Q6W—are consis-
tent with those of the ongoing randomized
clinical trial of natalizumab efficacy in patients
who switched from stable treatment with
Q4W–Q6W dosing in comparison with those
who remained on Q4W [27]. The MRI outcome
data, although limited by missing data, may
also enable comparisons with the radiological
results from NOVA.

CONCLUSION

These results provide additional real-world evi-
dence of the clinical noninferiority of natal-
izumab EID compared to SID. The efficacy
observed here and in other retrospective analy-
ses, combined with the extensive retrospective
safety results of natalizumab EID in US patients
with MS [19], provides valuable information to
healthcare providers who make treatment
decisions for their patients with MS. The com-
bined retrospective efficacy and safety work
indicates that patients established on the
approved dosing of 300 mg natalizumab Q4W
can switch to Q6W EID with no loss in clinical
efficacy.

As work to define a generalizable EID proto-
col continues, the prospect of personalized
dosing schedules based on individual pharma-
cokinetic responses to natalizumab infusion
may lead to even more effective dosing strate-
gies, as demonstrated by van Kempen and
coworkers, who monitored natalizumab serum
concentrations to determine the optimal EID
period to maintain efficacy [30].
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