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Abstract
Extending the natalizumab interval after the 24th administration could reduce the risk of progressive multifocal
leukoencephalopathy (PML). The objective is to evaluate the noninferiority of the efficacy of an extended interval dosing
(EID) compared with the standard interval dosing (SID) of natalizumab. It is an observational, multicenter (14 Italian centers),
retrospective cohort study, starting from the 24th natalizumab infusion to the loss of follow-up or 2 years after baseline. Patients
were grouped in 2 categories according to the mean number of weeks between doses: < 5 weeks, SID; ≥ 5 weeks, EID. Three
hundred and sixty patients were enrolled. Median dose interval (MDI) following 24th infusion was 4.7 weeks, with a bimodal
distribution (modes at 4 and 6 weeks). Two hundred and sixteen patients were in the SID group (MDI = 4.3 weeks) and 144 in the
EID group (MDI 6.2 weeks). Annualized relapse rate was 0.060 (95% CI = 0.033–0.087) in the SID group and 0.039 (95% CI =
0.017–0.063) in the EID group. The non-inferiority of EID versus SID was satisfied. In conclusion, there is no evidence of a
reduced efficacy of natalizumab in an EID setting. This observation confirms previous results and together with the emerging
evidence of a reduced risk of PML associated to an EID, supports the need of a randomized study to assess the need to change the
standard of the natalizumab dosing schedule.
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Introduction

Natalizumab (Tysabri; Biogen-Idec, Cambridge, MA, USA)
is a humanized monoclonal antibody directed against the α4
subunit of α4β1 and α4β7 integrins, localized on the surface
of circulating mononuclear cells, inhibiting the binding to

their endothelial receptors, thus limiting the entry of lympho-
cytes through the blood–brain barrier (BBB) [1]. This leads to
the reduction of the central nervous system (CNS) inflamma-
tion in the treatment of relapsing forms of multiple sclerosis
(MS), with reduction of clinical and radiologic disease activ-
ities [2, 3]. Nevertheless, this mechanism of action impacts on
the CNS immunosurveillance [4], which could be responsible
fo r the deve lopment of p rogress ive mul t i foca l
leukoencephalopathy (PML), a rare and potentially lethal in-
fection caused by the John Cunningham (JC) virus [5, 6].
PML risk is higher in JCV-positive patients (index > 1.5), after
24 doses, and in those who previously received immunosup-
pressive drugs [7].

Pharmacological analysis [8] revealed a nonlinear pharma-
cokinetic of natalizumab, resulting in a recommended fixed
dose of 300 mg administered intravenously every 4 weeks,
ensuring continuous maximal α4β1 integrin receptor satura-
tion. Following a single natalizumab administration, serum
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concentrations rise rapidly followed by a long-standing final
phase during which serum concentrations reduce to values of
about 3 μg/mL over 4 weeks [8]. A complete receptor
desaturation, defined as saturation lower than 50%, occurs
more than 8 weeks after drug administration when
natalizumab serum concentrations are below 1 μg/mL [9],
whereas detectable natalizumab levels are seen on average at
8 weeks and are supposed to be even higher in patients who
received repeated administration, in consideration of the rising
concentration over time [2, 10–12]. A recent prospective ob-
servational cohort study [13] showed that the majority of
natalizumab-treated patients showed high (> 10 μg/mL) drug
serum concentrations at time of redosing.

MS reactivation or a rebound effect has been reported with-
in 6 months after natalizumab discontinuation [14], with a
peak at around 10 to 12 weeks following drug withdrawal
[15], especially in patients with high disease activity the year
before treatment starts [14]. This timing could indicate that
natalizumab receptor saturation is more linked to natalizumab
mechanism of action than to serum concentration [12, 16, 17].

The European Medical Agency (EMA) stated that after the
24th natalizumab dose, patients should be informed again
about the PML and MS reactivation/rebound risk related to
natalizumab continuation or withdrawal, and they are asked to
provide a standardized written consent form to continue this
therapy [18–20].

Different strategies were proposed to minimize the risk of
both PML and rebound in JCV-positive MS patients who de-
cided to continue natalizumab treatment after 24 doses.
Among these proposals, it was suggested to extend the inter-
val between natalizumab administrations. Recently neurolo-
gists started to prescribe different extended interval dosing
(EID) programs, without a precise coding. Two retrospective
analysis [15, 21] on data from a multicenter cohort of MS
natalizumab-treated patients with different EID schedules
pointed out that dosing intervals ranging from 6 to 8 weeks
do not reduce efficacy of natalizumab, but data on PML risk
mitigation are not conclusive.

An unmet need is to define a strategy to maintain the high
efficacy of natalizumab, reducing the risks of PML and clin-
ical reactivation. The objective of this study is to evaluate the
noninferiority in controlling disease activity of an EID of
natalizumab in a large cohort of MS patients treated with
natalizumab for 24 weeks.

Methods

Ethical committees of each participating hospital or university
approved the study protocol. The study was registered with
the Comitato Etico Interaziendale A.O.U. San Luigi Gonzaga,
Orbassano, Italy (No. 39/2016). All participating patients pro-
vided written informed consent.

This study is a spontaneous, observational, multicen-
ter cohort study with a retrospective analysis of infor-
mation collected in standard clinical practice. A total of
360 adult patients with clinically definite relapsing MS
(R-MS), according to revised McDonald’s criteria [22],
who received at least 24 natalizumab doses and decided
to continue natalizumab, were recruited from 14 Italian
MS centers between March 2007 and March 2018. All
patients within 1 month after the 24th natalizumab ad-
ministration underwent brain MRI to exclude PML signs
and to detect MS brain activity.

Exclusion criteria were pregnancy, severe depression, and
alcohol or drug addiction. Data for each patient were collected
by the evaluating neurologist in an electronic case report form
(CRF) located on the server of the coordinating center
(Department of Clinical and Biological Sciences, University
of Turin).

The day of the 24th natalizumab dose was considered
the study baseline. Patients were examined after 24th
natalizumab administration and according to good clini-
cal practice thereafter. Assessments included a physical
and a neurologic examination with the Expanded
Disability Status Scale (EDSS) evaluation [23]. Safety
assessments, performed at each visit, included vital
signs, concomitant medication use, and collection of in-
formation on adverse effect. Patients also underwent he-
matologic and biochemical tests every month. In case of
exacerbations or adverse effects during follow-up, pa-
tients were asked to contact the MS center; MS exacer-
bations were treated with high-dose intravenous methyl-
prednisolone sodium succinate if needed. Exacerbation
was defined as the occurrence of a new neurologic
symptom or a worsening of an old one, with an objec-
tive change of at least 1 point on the EDSS, which
lasted at least for 24 h in the absence of fever and
followed a period of clinical stability or improvement
of at least 30 days.

Two treatment strategies were compared: the standard in-
terval dose (SID) versus an extended interval dose (EID).
Patients were assigned to 1 of the 2 treatment arms according
to the mean number of weeks between doses received during
the first 6 months after baseline. Patients were assigned to the
SID arm if the mean interval between doses was < 5 weeks,
whereas they were assigned to the EID arm if the mean inter-
val between doses was ≥ 5 weeks. The 5-week cutoff was
defined a priori since it is the midpoint between the theoretical
SID (4 weeks) and the theoretical EID (6 weeks). The follow-
up period started at the 24-month infusion and ended at loss to
follow-up or 2 years after baseline, whichever occurs first.

The primary outcome of the study was the number of clin-
ical relapses and summarized as an annualized relapse rate
(ARR). ARR is defined as the total number of relapses count
on person/years.
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Statistical Analyses

Two causal contrasts were assessed: the intention-to-treat
(ITT) effect of EID versus SID was evaluated comparing the
2 groups according the definition of SID and EID obtained in
the first 6 months after baseline. Also, a per-protocol (PP)
analysis was run, in which the dose intervals between baseline
and the end of follow-up (2 years) or the first relapse, which-
ever occurred first, were used to estimate the mean intervals
between doses. The reason to stop the follow-up to the first
relapse to estimate the dose intervals is to reduce the potential
bias deriving from a possible change in the dosing strategy
following a relapse. This study was underpowered to detect
noninferiority, since thousands of patients would be required
for patients with such a low relapse rate, as those in
natalizumab therapy. We anyway defined as satisfied a nonin-
feriority of EID versus SID if the upper limit of the 95% CI of
the ARR in the EID group did not exceed the mean ARR of
the SID group by 0.02 relapse/year.

Baseline characteristics were compared between groups by
a Mann–Whitney U test. ARR during follow-up was estimat-
ed and compared between groups by a multivariate Poisson
regression model. Time to first relapse was compared between
groups by a Cox multivariate model.

Sensitivity analyses were run i) excluding patients in the
gray zone of a mean interval dosing around 5 weeks (32–
38 days), ii) considering the mean dose interval as a continu-
ous variable, and iii) using propensity score (PS) as covariate
in the regression models to adjust for between-groups differ-
ences at baseline. Propensity score was built using logistic
regression model with dose group indicator as dependent var-
iable and the baseline characteristics as independent variables.
Stata (v.14; StataCorp) was used for the computation.

Results

In total, 360 patients with a median follow-up of 2.2 years
(range 0.03–8.8) were enrolled. At the time of the analysis,
200 (55.6%) patients had at least 2 years of follow-up. Table 1
summarizes patients’ demographic and baseline clinical char-
acteristics (EDSS score, disease duration, ARR, MRI, MS
activity, and JCV status) on the whole cohort and according
to groups defined by mean interval between doses (ITT and
PP analyses).

Themean interval between doses in the 6months following
the month 24 infusion was 5.2 weeks (median, 4.7 weeks;
IQR 4.2–6.0), with a clear bimodal distribution (modes at 4
and 6 weeks; Fig. 1S), and it was associated with individual
center strategies (the median was 4.3 weeks in 225 patients
from 12 centers and 6.1 in 127 patients from 2 centers). The
mean interval between doses was 5.2 weeks (median, 5; IQR
4.3–6) over the whole follow-up.

Two hundred and sixteen patients were in the SID group
(median dose interval, first 6 months = 4.3 weeks [IQR 4.1–
4.5]; whole follow-up = 4.4 [IQR 4.1–5]) and 144 in the EID
group (median dose interval, first 6 months = 6.2 weeks [IQR
5.6–6.7]; whole follow-up = 6 [IQR 5.4–6.5]) (Fig. 1).

The differences of prenatalizumab and baseline character-
istics of patients in the 2 treatment regimens are reported in
Table 1. EID patients had a higher ARR (1.17 vs 0.99; p =
0.003) and EDSS at natalizumab start (3 vs 2.5; p = 0.003) but
showed a higher decrease during 24 doses (− 0.43 vs − 0.14;
p = 0.002). These results do not suggest a higher activity of
SID vs EID at baseline.

ARR during follow-up adjusting for all the baseline vari-
ables (age, disease duration, relapses in the 2 years
prenatalizumab, relapses during natalizumab, baseline
EDSS, EDSS change during natalizumab, number of previous
treatments) in the ITT analysis was 0.060 (95% CI = 0.033–
0.087) in the SID group, and it was 0.039 (95% CI = 0.017–
0.063) in the EID group. The noninferiority of EID versus SID
was satisfied (Fig. 1, left panel; Table 1S). The mean time to
first relapse was 1.88 years in the SID group and 1.90 years in
the EID group (Fig. 2; HR = 0.71 (95% CI = 0.34–1.74, p =
0.36; after adjusting for age, disease duration, relapses in the
2 years prenatalizumab, relapses during natalizumab, baseline
EDSS, EDSS change during natalizumab, number of previous
treatments)).

In the PP analysis, patients were classified in the SID or
EID group according to the mean intervals between doses
received from baseline to the end of follow-up (or the first
relapse), whichever came first. One hundred and eighty-two
patients were in the SID group (median dose interval =
4.3 weeks) and 178 in the EID group (median dose interval =
6.0 weeks). ARR during follow-up adjusting for all the base-
line variables in the PP analysis was 0.067 (95% CI = 0.038–
0.096) in the SID group, and it was 0.039 (95% CI = 0.016–
0.062) in the EID group (Fig. 1, right panel; Table 1S). The
mean time to first relapse was 1.87 years in the SID group and
1.92 years in the EID group (Fig. 2; HR = 0.58 (95% CI =
0.28–1.18, p = 0.13; after adjusting for age, disease duration,
relapses in the 2 years prenatalizumab, relapses during
natalizumab, baseline EDSS, EDSS change during
natalizumab, number of previous treatments)).

The results were stable at the sensitivity analyses.
The ARR was 0.062 (95% CI = 0.029–0.095) in the
SID group, and it was 0.021 (95% CI = 0.003–0.039)
in the EID group when the 2 groups were defined re-
moving patients with a mean interval between doses in
the range 32 to 38 days. When the interval dose was
analysed as a continuous variable, the effect of the in-
terval dose length on the ARR was not statistically sig-
nificant (RR = 0.93 (95% CI 0.64–1.36, p = 0.73). No
PML or other serious adverse events have been reported
during the follow-up.
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Using the PS method to adjust for differences between SID
and EID on baseline variables, similar results were obtained: in
the ITTanalysis, the ARRwas 0.072 (95%CI = 0.042–0.103) in
the SID and 0.045 (95% CI 0.015–0.076) in the EID whereas in
the PP analysis, the ARR was, respectively, 0.076 (95% CI =
0.042–0.109) and 0.040 (95% CI = 0.016–0.065).

Discussion

Our spontaneous, retrospective, observational multicenter
study allowed us to evaluate the efficacy of an extended

regimen dose after the 24th natalizumab dose in patients with
R-MS with a PML risk due to JCV seropositivity and number
of natalizumab administrations received.

Natalizumab is a highly effective drug for R-MS for the
outcome of ARR [24]. The use of natalizumab is however
burdened by the risk of developing PML, particularly after
the 24th administration [25]. As of December 2017, a total
of 753 confirmed cases of natalizumab-associated PML cases
had been reported [26]. Considering the significant PML risk,
as of November 30, 2017, the overall PML incidence is 4.19
per 1000 patients (95% CI 3.89–4.49 per 1000 patients) [26],
and according to EMA recommendations [27], neurologists

Table 1 Patients’ demographic and baseline clinical characteristics on all samples and according to interval dose groups

All patients
(n = 360)

Intention-to-treat (ITT) Per-protocol (PP)

SID
(n = 216)

EID
(n = 144)

p value SID
(n = 182)

EID
(n = 178)

p value

Age, mean (SD) 34.3 (10.3) 34.3 (10.7) 34.3 (9.8) 0.73 33.8 (10.7) 34.9 (10) 0.31

Females, n (%) 254 (70.6) 147 (68.1) 107 (74.3) 0.24 128 (70.3) 126 (70.8) 0.92

Disease duration (years), median (IQR) 4.6 (1.2–8.8) 3.8 (0.9–8.5) 5.4 (1.9–9.1) 0.085 3.1 (0.8–7.5) 5.5 (1.8–9.8) 0.002

EDSS prenatalizumab start, median (IQR) 2.5 (2–4) 2.5 (1.5–3.5) 3 (2–4) 0.003 2.5 (1.5–4) 3 (2–4) 0.014

EDSS change during natalizumab, mean (SD) − 0.26 (0.89) − 0.14 (0.89) − 0.43 (0.86) 0.002 − 0.09 (0.85) − 0.43 (0.89) 0.001

ARR during natalizumab, mean (SD) 0.069 (0.32) 0.065 (0.37) 0.083 (0.42) 0.46 0.058 (0.37) 0.09 (0.41) 0.12

ARR 2 year pre natalizumab, mean (SD) 1.06 (0.64) 0.99 (0.61) 1.17 (0.67) 0.003 0.93 (0.58) 1.20 (0.67) < 0.001

JCV+ at month 24, n (%) 145/354 (41) 71/210
(33.8)

74/144
(51.4)

0.001 53/177
(29.9)

92/177 (52) < 0.001

Number of previous treatments, mean; median
(range)

1 (0–7) 1.23; 1 (0–5) 1.68; 1 (0–7) 0.001 1.18; 1 (0–5) 1.65; 1 (0–7) 0.001

Active lesions at month 24, n/N (%) 60/348 (17.2) 53/206
(25.7)

7/142 (4.9) < 0.001 56/176
(31.8)

4/172 (2.3) < 0.001

SD = standard deviation, IQR = interquartile range, EDSS = Expanded Disability Status Scale, ARR = annualized relapse rate, JCV = JC virus, ITT =
intention-to-treat, PP = per-protocol, SID = standard interval dose, EID = extended interval dose

Fig. 1 Annualized relapse rate
over 2 years according to interval
dose. ITT = intention-to-treat, PP
= per-protocol, SID = standard
interval dose, EID = extended
interval dose
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have to re-evaluate natalizumab treatment after 24 doses.
Many studies and single case reports showed that after
natalizumab, withdrawal disease activity could worse than
prenatalizumab status [28–31] and also, switching to first-
line treatments could increase the MS relapse rate [32].
Based on these premises, many studies have been carried
out to detect the best strategy to minimize both PML and
rebound risk [32]. Some clinicians throughout the world
started to prescribe various EID schedules to treat highly ac-
tive R-MS patients who decided to continue natalizumab after
the 24th administration, in order to low PML risk, although a
higher concentration of natalizumab is not definitively and
clearly associated with a higher PML rate [15, 33], although
a recent study demonstrates that an EID schedule is associated
with a clinically and statistically significant lower risk of PML
than SID in JCVantibody–positive patients [34].

The purpose of this study was to assess the noninferiority
of a natalizumab EID regimen versus the 4-week SID sched-
ule. The results show that there is no evidence of a reduced
efficacy of natalizumab in an EID setting, from a median of
4.3 to a median of 6.2 weeks, with comparable results seen
across all measured outcomes, both in the ITT and in the PP
analyses.

Some significant difference between SID and EID
patients on ARR and EDSS before treatment start peri-
od and during natalizumab administration was observed
with a higher disease activity of the EID group. For this
reason, the lack of differences between EID and SID on
disease activity during follow-up should not be influ-
enced by baseline characteristics.

A limitation of our study is the lack of a parallel pharma-
cokinetics analysis of natalizumab in both groups, in order to
asses both concentrations of the drug and α4β1 integrin re-
ceptor saturation along time.

Also, we lack a systematic MRI assessment to check
whether efficacy of EID is preserved also on radiological ac-
tivity; this is a consequence of the retrospective nature of the
study and of the different timings with which the brain MRI
are performed in each center.

Neither severe adverse events nor PML have been de-
scribed, but a further prolonged analysis is necessary to assess
also a possible PML reduction risk in an EID larger cohort of
patients. A recent study on a large cohort of natalizumab-
treated patients showed a 94% reduction of PML risk in an
EID setting versus a SID one in the primary analysis and an
88% reduction in risk in the secondary analysis (both
p < 0.0001) [34].

According to previous studies that showed that
natalizumab discontinuation could be hazardous [30, 32,
35], the EID schedule appears as a reasonable treatment, able
to maintain the high efficacy of natalizumab. Keeping the
same efficacy, reducing the frequency of natalizumab admin-
istration could, in addition, improve the quality of life of MS
patients, making them less tied to the hospital administration
of the drug. At the same time, an EID schedule could lead to a
reduction of hospital costs for the purchase and administration
of therapy would be observed.

Conclusion

Our study shows that clinical MS reactivation does not occur
more frequently in patients in the EID group. These results
come from a large, retrospective multicenter study that can
have a very useful implication in clinical practice. According
to our results, continuing natalizumab in an EID setting seems
an efficacious therapeutic strategy in patients with highly ac-
tive MS who decide to continue natalizumab 24 doses. The

Fig. 2 Time to first relapse according to interval dose. Solid line: standard interval dose; dash line: extended interval dose
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absence of evidence of a reduced efficacy of the EID strategy
could be taken into account in planning further studies aimed
at impacting the decision process about the therapeutic man-
agement of JCV-positive patients after 24 doses of
natalizumab.

In conclusion, this observation confirms previous results
[15, 21, 33] and together with the emerging evidence of a
reduced risk of PML associated to an EID, supports the need
of a randomized study to change the standard of the
natalizumab dosing schedule. In November 2018, a random-
ized, controlled open-label phase 3b study started to enrol MS
patients with the primary objective to evaluate the efficacy of a
natalizumab EID in subjects who have previously been treated
with a natalizumab SID for at least 12 months, in relation to
continued SID treatment [36].

Compliance with Ethical Standards

Ethical committees of each participating hospital or university approved
the study protocol.

Required Author Forms Disclosure forms provided by the authors are
available with the online version of this article.
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