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Abstract
Background and Objectives
Masitinib is a selective tyrosine kinase inhibitor, targeting innate immune cells (mast cells and
microglia) that are involved in the pathophysiology of progressive multiple sclerosis (MS).
Study AB07002 assessed oral masitinib in patients with progressive MS who were progressing
but not clinically active.

Methods
This randomized, double-blind, 2 parallel-group, placebo-controlled trial assessing 2 dose levels
of masitinib vs equivalent placebo was conducted at 116 hospital clinics and specialized MS
centers in 20 countries. Randomization (2:1) with minimization was performed centrally using
an automated system. Patients, physicians, and outcome assessors remained masked to treat-
ment group allocation. Patients with primary progressive MS (PPMS) or nonactive secondary
progressive MS (nSPMS) without relapse for ≥2 years, aged 18–75 years, with baseline Ex-
panded Disability Status Scale (EDSS) 2.0–6.0, and regardless of time from onset were treated
for 96 weeks. The primary end point was overall EDSS change from baseline using repeated
measures (generalized estimating equation, timeframe W12–W96, measured every 12 weeks),
with positive values indicating increased clinical deterioration. Efficacy and safety were assessed
in all randomly assigned and treated patients.

Results
A total of 611 patients were randomized; 301 in the masitinib 4.5 mg/kg/d parallel group and
310 in the uptitrated masitinib 6.0 mg/kg/d parallel group. Masitinib (4.5 mg/kg/d) (n = 199)
showed significant benefit over placebo (n = 101) according to the primary end point, 0.001 vs
0.098, respectively, with a between-group difference of −0.097 (97% CI −0.192 to −0.002); p =
0.0256. Safety was consistent with masitinib’s known profile (diarrhea, nausea, rash, and he-
matologic events), with no elevated risk of infection. Efficacy results from the independent
uptitrated masitinib 6.0 mg/kg/d parallel group were inconclusive, and no new safety signal was
observed.

Discussion
Masitinib (4.5 mg/kg/d) can benefit people with PPMS and nSPMS. A confirmatory phase 3
study will be initiated to substantiate these data.
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Trial Registration Information
The first participant was randomized to study AB07002 on August 25, 2011. The trial was registered with the European Clinical
Trials Database (#EudraCT 2010-021219-17) on July 1, 2011 (clinicaltrialsregister.eu/ctr-search/trial/2010-021219-17/ES)
and with ClinicalTrials.gov (#NCT01433497) on September 14, 2011 (clinicaltrials.gov/ct2/show/NCT01433497).

Classification of Evidence
This study provides Class II evidence that masitinib 4.5 mg/kg/d decreased progression of disability, measured by the EDSS, in
adults with PPMS or patients with nSPMS (with no exacerbations in the last 2 years).

Multiple sclerosis (MS) is an inflammatory, demyelinating, and
degenerative disease of the CNS. The clinical course of MS is
heterogeneous with patients falling into 2 core categories from
a pharmacotherapy perspective.1-3 The first category, relapsing
disease, is associated with processes of inflammatory de-
myelination, resulting in relapses followed by remissions. The
second category, progressive disease, is associated with pro-
cesses of progressive neurodegeneration resulting in a gradual
accrual of neurologic disability. Additional MS phenotype de-
scriptors are based on disease activity (determined by clinical
relapses and/or MRI activity) and disease progression (mea-
sured by clinical evaluation).4 Hence, progressive MS can be
described as active and with/without progression or not active
and with/without progression.

The vast majority of MS drugs primarily benefit active/relapsing
forms of MS with limited efficacy in the progressive forms. This
therapeutic divide is consistent with the growing opinion that
active/relapsing MS and progressive MS are primarily driven by
different disease mechanisms; the former characterized by ac-
tivity of the peripheral adaptive immune system and the latter by
an additional, predominant activity of the innate immune sys-
tem, compartmentalized within the CNS.5-9 Hence, there is an
urgent need for innovative drugs that better target the innate
immune system and are capable of accumulating within theCNS
at sufficient therapeutic concentration.

Clinical proof of concept that masitinib, an oral tyrosine kinase
inhibitor, slows disability progression in patients with progressive
MS was previously demonstrated in a small phase 2 trial.10,11

Masitinib has also demonstrated neuroprotective action in
amyotrophic lateral sclerosis (ALS) and Alzheimer disease, via
inhibition of microglia, macrophage, and mast cell activity.11-15

These are types of innate immune cells that are present in the
CNS and are involved in the pathophysiology of progressive
MS.16-18 Here, we report findings from the phase 3 AB07002

study, the objective of which was to assess whether masitinib can
decrease progression of disability, measured by the Expanded
Disability Status Scale (EDSS), in adults with primary progressive
MS (PPMS) or patients with nonactive secondary progressive
MS (nSPMS) (with no exacerbations in the last 2 years).

Methods
Study Design and Oversight
Study AB07002 was an international, phase 3, randomized,
double-blind, 2 parallel group, placebo-controlled trial over a
96-week treatment period. Patients were randomly assigned
(2:1) to receive masitinib at 4.5 mg/kg/d (administered orally
as 2 daily intakes) or equivalent placebo. A second, in-
dependent parallel group was introduced as an amendment in
which patients were randomly assigned (2:1) to receive
masitinib (administered orally as 2 daily intakes) at an initial
dose of 4.5 mg/kg/d for 12 weeks that was then titrated to a
planned dose of 6.0 mg/kg/d or equivalent placebo. This
amendment effectively replaced amasitinib 6.0 mg/kg/d (starting
dose) treatment arm, which was terminated following re-
cruitment of 45 patients without analysis, with a lower-risk
cohort to improve benefit/risk balance (see eMethods, links.
lww.com/NXI/A699). Each parallel group was therefore
effectively run as a separate study, distinct in matters of sta-
tistical analysis and control arm. Dose reduction or treatment
interruption was allowed for moderate or severe safety event
according to predefined criteria (see eMethods).

Another notable amendment concerned the primary efficacy
analysis, originally defined as MS functional composite
(MSFC), which was modified to the EDSS (protocol version
9.0, September 2016, after 19% [114/611] of patients could
have reached the 96-week time point). This was done fol-
lowing issuance of guidance from the European Medicines
Agency Committee for Medicinal Products for Human Use,

Glossary
9-HPT = 9-hole peg test; AE = adverse event; ALS = amyotrophic lateral sclerosis; EDSS = Expanded Disability Status Scale;
EQ-VAS = Health State Visual Analogue Scale; GEE = generalized estimating equation; HR = hazard ratio; JTR = jump to
reference; LSM = least-squares mean; mITT = modified intention to treat; MS = multiple sclerosis; MSFC = MS functional
composite; MSQOL = MS quality of life; nSPMS = nonactive secondary progressive MS; PASAT-3 = Paced Auditory Serial
Addition Test–3; PPMS = primary progressive MS; SAE = serious nonfatal AE; T25FW = Timed 25-Foot Walk Test.
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stating that the EDSS was the only validated outcome mea-
surement to determine disability in MS and that MSFC
should be used as a secondary measurement of disability.19

Patients
Key eligibility criteria were an age of 18–75 years, MS diagnosis
(regardless of time from onset) according to the revised
McDonald criteria of PPMS or nSPMS without relapse for at
least 2 years prior to inclusion, and a baseline score on the EDSS
of 2.0–6.0 inclusive (range, 0 to 10.0 in 0.5-point increments,
with higher scores indicating greater disability).2,20 In addition,
clinical evidence (medical record) of disability progression over
the preceding 2 years (as measured by an increase in the EDSS
score of at least 1.0 point) was required. The targeted population
therefore comprised patients with progressive MS who are
progressing but not clinically active (i.e., evidence of disability
accumulation over timewithout relapses).4 Key exclusion criteria
were concurrent/recent use of immunomodulators, immuno-
suppressants, interferon beta-1, glatiramer acetate, corticoste-
roids, or any investigational drug with predefined wash-out
periods to avoid potential confounding effects (see eMethods for
further details, links.lww.com/NXI/A699).

Outcomes and Statistical Analysis
Patients were centrally randomized using a computerized central
randomization system and minimization method according to
the covariates of MS phenotype (PPMS or nSPMS), baseline
EDSS score, baseline MSFC subscale scores, and geographical
region. Patients and study staff remained masked to treatment
assignment for the duration of the study, with site segregation
(nonconcurrent recruitment) for the 2 parallel groups. Evalua-
tions were obtained by experienced assessors who were not
otherwise involved in patient management. No neuroimaging
analyses were included in this protocol.

An estimated 300 patients (200 in the masitinib treatment
arm) were required to demonstrate the superiority of masi-
tinib (4.5 mg/kg/d) vs placebo for EDSS (repeated-measure
analysis including time points from W12 to W96) at a sig-
nificant level of 5% for a 2-sided test and with a power >80%,
based on a difference of means equal to 0.2 points (SD 0.4).
The hypothesized response estimates were based on empirical
knowledge from phase 2 (AB04011) data, with the same es-
timate independently applied to the uptitrated 6.0 mg/kg/d masi-
tinib parallel group.

Primary efficacy analysis was performed according to a modified
intention-to-treat (mITT) data set (i.e., ITT data set minus pa-
tients having no intake of drug). The primary end point was
change from baseline on the EDSS, calculated using repeated-
measures methodology (i.e., generalized estimating equation
[GEE]) based on all time points measured every 12 weeks over
96 weeks (δEDSS); i.e., a population-averaged score comprising
8 consecutive data points from each patient. Note that the EDSS
is an ordinal scale and that application of GEEmethodology is an
established approach for the analysis of ordinal categorical lon-
gitudinal data. An advantage of such an approach is that it

circumventsmany of the limitations associated withmean (single
time point) change in the EDSS score from baseline (see the
Discussion section).21,22 Results were expressed as least-squares
mean (LSM) change on the EDSS from baseline (δEDSS,
wherein a positive value indicates disability progression), with
treatment effect (masitinib vs placebo) reported as the between-
group difference (DLSM, wherein a negative value favors masi-
tinib). The change on the EDSS from baseline was calculated
using a GEE model with normal distribution and identity link
function, 97.04% CIs, and 2-sided comparison at an overall alpha
level of 0.030 (adjusted for a single interim analysis using Pocock
alpha spending method, approximated by Hwang-Shih-DeCani
function). Missing data were imputed via last observation carried
forward methodology for those patients discontinuing before
week 96 because of a safety event or lack of efficacy.

Consistency of the primary analysis was tested using predefined
sensitivity analyses (EDSS-related secondary endpoints), in-
cluding change from baseline in ordinal EDSS score averaged
for all time points over 96 weeks; a 3-level ordinal EDSS model
(GEE [W12–W96]) wherein values of +1, 0, or −1 were
assigned for improved, stable, or worsening condition, re-
spectively. This approach simultaneously measures intrasubject
and intragroup incidence of positive and negative outcomes
over duration of treatment. A worsening condition was defined
as an increase from baseline in the EDSS of ≥1.0 point for a
baseline score of ≤5.5 or of ≥0.5 points for a baseline score of
>5.5 points. Likewise, an improving condition was defined by a
decrease from baseline in the EDSS of the aforementioned
values. Further additional (missing data) analyses were per-
formed on the primary EDSS and ordinal EDSS end points
using a conservative jump-to-reference (JTR) approach,
wherein missing data for reason of discontinuation due to lack
of efficacy or safety event are imputed using estimates from the
control group.23 Finally, predefined time-to-event analyses in-
cluded risk of EDSS progression (first progression and 12-week
confirmed) with an additional analysis on risk of progression to
an EDSS score of ≥7.0 (representing wheelchair dependency).

Other secondary end points included change from baseline on
the MSFC raw scores averaged for all time points over 96
weeks, and its component measures of timed 25-foot walk test
(T25FW, averaged time from 2 tests), 9-hole peg test (9-
HPT, averaged time from 2 tests on each hand), and Paced
Auditory Serial Addition Test–3 (PASAT-3).24 Quality of life
was measured via change from baseline in the MS quality of
life (MSQOL-54) subscales of physical health and mental
health and the Health State Visual Analogue Scale (EQ-VAS)
(a vertical visual analog scale wherein a score of 0 indicates
worst imaginable health and 100 indicates best imaginable
health). Similar to the primary analysis, calculations were
based on repeated-measures methodology (mixed-effect
model repeated measure, timeframe [W12–W96]).

Sensitivity analyses and secondary end points were tested at
the 0.05 significance level. Time-to-event analyses were
reported as Kaplan-Meier survival estimates with 95% CIs. All
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analyses and reporting procedures were performed using SAS
version 9.4 (SAS Institute, Cary, NC).

The safety data set comprised all patients who received at least
1 dose of study medication (Figure 1). Patients were moni-
tored for safety from date of informed consent until 28 days
after discontinuing the study drug. Adverse events (AEs) were
coded according to the MedDRA dictionary version 20.0.

Standard Protocol Approvals, Registrations,
and Patient Consents
Study AB07002 was designed by the sponsor (AB Science)
and independent steering committee members, with study
protocol and amendments (see eMethods, links.lww.com/
NXI/A699) approved by relevant institutional review boards
or ethics committee at each participating clinical site. The
study was overseen by a steering committee, which provided
overall supervision and scientific support for the study, and by

an independent data safety monitoring committee, which
periodically reviewed and evaluated safety data to provide
recommendations regarding the patient safety. All patients
provided written informed consent. Study AB07002 is regis-
tered with Clinicaltrials.gov, number NCT01433497.

Data Availability
Masitinib is under clinical investigation and has not yet been
approved in any sought-after indication by any health au-
thority worldwide. As such, there is no plan for data sharing at
this point in time.

Results
Patients
From August 2011 through March 2017, a total of 611 pa-
tients from 116 hospital clinics and specialized MS centers in

Figure 1 Patient Flow Diagram, Detailing Patient Disposition of the Masitinib 4.5 mg/kg/d Parallel Group and Uptitrated
Masitinib 6.0 mg/kg/d Parallel Group

AE = adverse event; ITT = intention-to-treat data set; M4.5 =masitinib treatment arm frommasitinib 4.5 mg/kg/d parallel group; mITT =modified intention to
treat; nSPMS = nonactive secondary progressive multiple sclerosis; PBO = placebo treatment arm from the masitinib 4.5 mg/kg/d parallel group; PPMS =
primary progressivemultiple sclerosis; tM6.0 =masitinib treatment arm from the titrated 6.0mg/kg/d parallel group; tPBO = placebo treatment arm from the
titrated 6.0 mg/kg/d parallel group.
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20 countries were randomized to study AB07002: 301 in to
the initial parallel group (masitinib dose of 4.5 mg/kg/d) and
310 in to the second parallel group (uptitrated masitinib dose
of 6.0 mg/kg/d).

Considering the masitinib 4.5 mg/kg/d parallel group, 1 pa-
tient was excluded from the ITT data set because of no study
drug intake, yielding safety and mITT data sets of 300 patients
each: 101 and 199 patients in the placebo and masitinib
treatment arms, respectively. A summary of population dis-
position for this cohort, including reasons for withdrawal prior

to week-96, is described in Figure 1. Randomized patients to
this parallel group were similar between treatment arms re-
garding baseline demographic and clinical characteristics
(Table 1). The average age of patients from each treatment arm
was approximately 50 years, with about 50% requiring a
walking aid at baseline (EDSS score ≥6.0). The average EDSS
scores were 5.1 and 5.2 for masitinib and placebo treatment
arms, respectively, with patients with PPMS accounting for
40% and 45%, respectively. Baseline characteristics were also
similar among the treatment arms of the PPMS and nSPMS
subgroups (eTable 1, links.lww.com/NXI/A699).

Table 1 Baseline Patient Characteristics of theMasitinib 4.5mg/kg/d Parallel Group andUptitratedMasitinib 6.0mg/kg/d
Parallel Group (ITT Data Sets)

Masitinib 4.5 mg/kg/d parallel group Titrated masitinib 6.0 mg/kg/d parallel group

M4.5 (n = 200) PBO (n = 101) tM6.0 (n = 203) tPBO (n = 107)

Gender (female), % (n) 55.5 (111) 53.5 (54) 60.1 (122) 60.7 (65)

Age, y

Mean ± SD 49.8 ± 9.63 49.7 ± 10.19 48.6 ± 10.10 48.8 ± 9.68

Range (min–max) 24–69 25–70 25–70 25–71

PPMS phenotype, % (n) 40 (79) 45 (45) 39.9 (81) 43.0 (46)

EDSS score

Mean ± SD 5.2 ± 1.07 5.1 ± 1.06 5.5 ± 0.95 5.5 ± 1.01

Range (min–max) 2–6 2–6 3–6 2–6

EDSS category, % (n)

6 49.0 (98) 47.5 (48) 49.3 (100) 47.7 (51)

5 and 5.5 20.5 (41) 20.8 (21) 24.1 (49) 19.6 (21)

<5.5 30.5 (61) 31.7 (32) 26.6 (54) 32.7 (35)

MSFC T25FW, mean ± SD 22.8 ± 31.52 22.7 ± 37.91 19.2 ± 24.18 18.8 ± 24.07

MSFC 9-HPT, mean ± SD 34.0 ± 18.63 34.2 ± 20.55 32.9 ± 14.30 35.1 ± 25.53

MSFC PASAT-3, mean ± SD 41.6 ± 13.36 40.1 ± 14.47 41.9 ± 13.29 42.2 ± 12.36

Time since MS onset, y

Mean ± SD 14.0 ± 9.14 12.6 ± 7.96 14.2 ± 9.96 12.5 ± 8.81

Range (min–max) 1–41 2–37 1–47 1–44

Time since MS diagnosis, y

Mean ± SD 9.1 ± 7.77 9.0 ± 8.17 10.0 ± 8.62 8.3 ± 8.26

Range (min–max) 0–41 0–34 0–43 3–40

Region, % (n)

Poland 23.0 (46) 17.8 (18) 40.4 (82) 39.3 (42)

Germany/Spain/Ukraine 48.0 (96) 44.6 (45) 28.1 (57) 29.0 (31)

Rest of the world 29.0 (58) 37.6 (38) 31.5 (64) 31.8 (34)

Abbreviations: 9-HPT = 9-hole peg test; EDSS = Expanded Disability Status Scale; ITT = intention-to-treat data set; M4.5 = masitinib treatment arm from
masitinib 4.5 mg/kg/d parallel group; MSFC = multiple sclerosis functional composite; PASAT-3 = Paced Auditory Serial Addition Test–3; PBO = placebo
treatment arm frommasitinib 4.5mg/kg/d parallel group; PPMS = primary progressivemultiple sclerosis; T25FW = timed 25-foot walk test; tM6.0 =masitinib
treatment arm from the titrated 6.0 mg/kg/d parallel group; tPBO = placebo treatment arm from the titrated 6.0 mg/kg/d parallel group.
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Considering the uptitrated masitinib 6.0 mg/kg/d parallel
group, the ITT and safety data sets each comprised 310 pa-
tients: 107 and 203 patients in the placebo and masitinib
treatment arms, respectively. A summary of population dis-
position for this cohort, including reasons for withdrawal prior
to week-96, is described in Figure 1. Baseline characteristics
were similar among the treatment arms (Table 1). Patients
were again enrolled at an advanced stage of the disease (EDSS
score ≥6.0 for 49.3% and 47.7% of masitinib- and placebo-
treated patients, respectively), with an average EDSS score of
5.5 for each treatment arm and average age of approximately
49 years. Patients with PPMS accounted for 40% and 43% of
masitinib and placebo arms, respectively.

Primary Efficacy Analysis
Masitinib (4.5 mg/kg/d) showed significant benefit over
placebo with a δEDSS of 0.001 vs 0.098, respectively, and
DLSM of −0.097 (97% CI −0.192 to −0.002); p = 0.026
(Table 2). For the masitinib treatment arm, this δEDSS value
represents a slight worsening in average change of EDSS from
baseline over repeated time measures (adjusted for cova-
riates), whereas an increased clinical deterioration in the
EDSS was observed for placebo. A sustained treatment effect,
indicative of a confirmed between-group difference, was evi-
dent from a time series plot of δEDSS, measured every 12
weeks over the 96-week treatment period (Figure 2A). For
the subgroups of PPMS and nSPMS, the difference in DLSM
was −0.128 (95% CI −0.285 to −0.028) and −0.104 (95% CI
−0.198 to −0.008), respectively, indicating a comparable
treatment effect in both phenotypes.

Results from the second parallel group, with a titrated masi-
tinib dose of 6.0 mg/kg/d, did not show any significant dif-
ference between the masitinib and placebo treatment arms,
with a δEDSS of 0.009 (SE 0.035) vs −0.005 (SE 0.056),
respectively, and DLSM of +0.014 (97% CI −0.111 to
+0.140); p = 0.802. A time series plot of δEDSS, measured
every 12 weeks over the 96-week treatment period, shows that
in the PPMS subgroup, the placebo arm exhibited an atypical
pattern of EDSS improvement relative to baseline during the
early phase of the study (Figure 2B).

Sensitivity Analyses on the EDSS for the
Masitinib 4.5 mg/kg/d Parallel Group
Considering only the masitinib 4.5 mg/kg/d parallel group,
sensitivity analyses on the EDSS were mostly convergent with
the primary end point result, showing a significant advantage
for masitinib 4.5 mg/kg/d relative to placebo (Table 2). For
example, JTR sensitivity analysis for the primary end point
gave a significantDLSM of −0.089 (95%CI −0.173 to −0.006;
p = 0.037). Likewise, the predefined ordinal EDSS score
analysis showed that patients receiving masitinib had a sig-
nificant 39% increased probability of having either disease
improvement or an absence of disease progression relative to
placebo (OR 0.610, 95% CI 0.376–0.988; p = 0.045). For the
PPMS subgroup, there was a relative risk reduction of 38%
(OR 0.618, 95% CI 0.311–1.226), and for the nSPMS sub-
group, there was a relative risk reduction of 50% (OR 0.504,
95% CI 0.251–1.012). JTR sensitivity analysis on the ordinal
EDSS score showed a 47% increased probability of hav-
ing either disease improvement or an absence of disease

Table 2 Summary of Primary Efficacy End Point and Associated EDSS Sensitivity Analyses for the Masitinib 4.5 mg/kg/d
Parallel Group (mITT Data Set)

PBO (N = 101) M4.5 (N = 199) Output Statistic p Value

Primary analysis

δEDSS (SE); repeated-measures EDSS change 0.098 (0.041) 0.001 (0.034) −0.097 (−0.192 to −0.002)a Difference (97%CI) 0.027

EDSS sensitivity analyses

3-level ordinal EDSS model n/a n/a 0.610 (0.376 to 0.988) OR (95% CI) 0.045

Time-to-first EDSS progression (unconfirmed); events
n (%)

31 (30.7) 34 (17.1) 0.58 (0.35 to 0.96) HR (95% CI) 0.034

Time-to-confirmed (12-wk) EDSS progression; events n (%) 18 (17.8) 22 (11.1) 0.63 (0.33 to 1.20) HR (95% CI) 0.159

Time-to-first EDSS score ≥7.0 (unconfirmed); events n (%) 6 (5.9) 1 (0.5) n/a 0.019

Time-to-confirmed (12-wk) EDSS score ≥7.0; events n (%) 4 (4.0) 0 (0) n/a 0.013

EDSS JTR sensitivity analyses

JTR δEDSS (SE) 0.105 (0.035) 0.015 (0.028) −0.089 (−0.173 to −0.006) Difference (95%CI) 0.037

JTR 3-level ordinal EDSS model n/a n/a 0.527 (0.274 to 1.012) OR (95% CI) 0.054

Abbreviations: EDSS = Expanded Disability Status Scale; HR = hazard ratio; JTR = jump to reference; mITT = modified intention to treat; M4.5 = masitinib
treatment arm frommasitinib 4.5 mg/kg/d parallel group; n/a = not applicable; OR = odds ratio; PBO = placebo treatment arm; SE = standard error; δEDSS =
least-squares mean difference in the EDSS (positive value indicates disability progression); DLSM = between-group difference in δEDSS (treatment effect;
negative value favors masitinib).
This table contains data collected up until the end of the double-blind controlled treatment period as of the clinical cutoff date (November 12, 2019).
a CI at 97.04% for primary analysis and at 95% for all other measures.
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progression in favor of masitinib (OR 0.527, 95% CI
0.274–1.012; p = 0.054).

The percentage of patients with first EDSS progression was
17.1% (34/199) for masitinib (4.5 mg/kg/d) vs 30.7% (31/
101) for placebo over a timeframe of 96 weeks, corresponding
to a significant 42% risk reduction with masitinib (hazard ratio
[HR] 0.58, 95% CI 0.35–0.96; p = 0.034) (Figure 3). The
percentage of patients with 12-week confirmed EDSS pro-
gression was 11.1% (22/199) for masitinib vs 17.8% (18/101)
for placebo over a timeframe of 96 weeks, corresponding to a
risk reduction of 37% with masitinib (HR 0.63, 95% CI
0.33–1.20; p = 0.159) (Figure 3). Masitinib also significantly
reduced the risk of progression to an EDSS score ≥7.0 (12-
week confirmed), with no patients (0%) progressing to this
stage over 96 weeks in the masitinib treatment arm vs 4 pa-
tients (4%) in the placebo arm (p = 0.013) (eFigure 1, links.
lww.com/NXI/A699). Sensitivity analyses and secondary end
point analyses on the titrated masitinib 6.0 mg/kg/d data set
were not performed because, in accordance to protocol, the
primary end point was not met for this parallel group.

Secondary End Point Analyses for theMasitinib
4.5 mg/kg/d Parallel Group
Considering only the masitinib 4.5 mg/kg/d parallel group, a
significant difference in change from baseline of 9-HPT

(mixed-effect model repeated measures) was seen for masitinib
relative to placebo (p = 0.039), whereas there was a trend dif-
ference for EQ-VAS (p= 0.075) (eTable 2, links.lww.com/NXI/
A699). However, the majority of secondary end points did not
show any discernible effect between arms, including the MSFC
score (p = 0.729), T25W (p = 0.385), PASAT-3 (p = 0.381),
SQOL–physical health (p= 0.823), andMSQOL–mental health
(p = 0.578).

Further consideration of subgroups showed that the pos-
itive secondary end point results were driven by a signifi-
cant improvement for masitinib (4.5 mg/kg/d) in patients
with nSPMS; 9-HPT had a DLSM of −5.442 (95% CI
−10.030 to −0.854; p = 0.0204) and EQ-VAS had a DLSM
of 3.59 (95% CI 0.375–6.814; p = 0.029) (eTable 2, links.
lww.com/NXI/A699). A sustained trend in the nSPMS
subgroup treatment effect was also evident from a time
series analyses of secondary endpoints, measured every 12
weeks over the 96-week treatment period (eTable 3, links.
lww.com/NXI/A699).

Safety Analysis for the Masitinib 4.5 mg/kg/d
Parallel Group
The incidence of AEs was 94.5% (188/199) for masitinib (4.5
mg/kg/d) vs 87.1% (88/101) for placebo (Table 3). AEs
(MedDRA preferred terms, regardless of severity) that

Figure 2 Time Series Plot of Least-Squares Mean Difference in the EDSS From Baseline

Least-squares mean difference in the EDSS from baseline
(δEDSS) ± SE, measured every 12 weeks over the 96-week
treatment period. (A) Masitinib 4.5 mg/kg/d parallel group,
mITT. (B) PPMS subgroup of the masitinib titrated 6.0 mg/kg/
d parallel group PPMS subgroup (the dotted region indicates
placebo arm’s atypical pattern of EDSS improvement relative
to baseline during the early phase of the study). EDSS = Ex-
panded Disability Status Scale; δEDSS = least-squares mean
difference in the EDSS (positive value indicates disability
progression); mITT = modified intention-to-treat population;
PPMS = primary progressive multiple sclerosis.
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differed by ≥5% in incidence between treatment groups are
presented in eTable 4 (links.lww.com/NXI/A699). Those
occurring more commonly for masitinib compared with pla-
cebo were diarrhea, maculopapular rash, nausea/vomiting,

peripheral edema, pruritus, and various laboratory assess-
ments. MS relapses were reported as an AE (by preferred
term) with an incidence of 7.5% (15/199) for masitinib vs
6.9% (7/101) for placebo.

Figure 3 Kaplan-Meier Plot Showing Cumulative Probability of Reaching EDSS Progression for Masitinib 4.5 mg/kg/d
(Solid Line) vs Placebo (Dashed Line)

(A) Risk of first EDSS progression (unconfirmed), showing a
risk reduction of 42% with masitinib. (B) Risk of confirmed
EDSS progression (12 weeks), showing a risk reduction of 37%
with masitinib. EDSS = Expanded Disability Status Scale; HR =
hazard ratio; M4.5 = masitinib 4.5 mg/kg/d; PBO = placebo.

Table 3 Safety Summary of Treatment-Emergent AEs Over the 96-Week Treatment Period (Safety Data Sets, Regardless
of Causality)

Patients with ≥1 event, % (n)

Masitinib 4.5 mg/kg/d parallel group Titrated masitinib 6.0 mg/kg/d parallel group

M4.5 (N = 199) PBO (N = 101) tM6.0 (N = 203) tPBO (N = 107)

AE (any grade) 94.5 (188) 87.1 (88) 90.6 (184) 78.5 (84)

AE leading to deatha 0 2.0 (2) 1.0 (2) 0

Serious AE (nonfatal) 21.1 (42) 12.9 (13) 23.2 (47) 10.3 (11)

Serious AE (including death) 21.1 (42) 14.9 (15) 24.2 (49) 10.3 (11)

AE permanent discontinuationb 20.6 (41) 2.0 (2) 21.2 (43) 8.4 (9)

Abbreviations: AE = adverse event; M4.5 = masitinib treatment arm frommasitinib 4.5 mg/kg/d parallel group; PBO = placebo treatment arm frommasitinib
4.5mg/kg/d parallel group; tM6.0 =masitinib treatment arm from the titrated 6.0mg/kg/d parallel group; tPBO = placebo treatment arm from the titrated 6.0
mg/kg/d parallel group.
a AEs were recorded until 28 days after treatment interruption with any AE not resolved at the death of the patients recorded as an AE leading to death.
b AE leading to permanent discontinuation excluding death. Safety data set excluded 1 patient from ITT because of no intake of study drug.
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The rate of serious nonfatal AE (SAE) was 21.1% (42/199) for
masitinib vs 12.9% (13/101) for placebo. The most common
treatment-emergent SAEs for masitinib (with an incidence
≥1.0%), weremaculopapular rash, erythemamultiforme, elevated
gamma-glutamyl transferase, neutropenia, and palmar-plantar
erythrodysesthesia syndrome (eTable 5, links.lww.com/NXI/
A699). The 2 cases of erythema multiforme were of moderate
severity that resolved without sequelae following discontinuation.
No death was reported in the masitinib treatment arm (Table 3).

Patient discontinuation before week 96 was similar between
treatment arms for reasons categorized as missing at random
(21.1% for masitinib vs 20.8% for placebo) and due to lack of
efficacy (12.6% vs 11.9%, respectively) (Table 4). Discon-
tinuations due to AE were however more frequent in the
masitinib treatment arm (16.5% vs 1.0%, respectively); of
which for masitinib, 6/33 (18%) and 14/33 (42%) were, re-
spectively, based on investigator decision or patient decision
due to nonsevere AE, and 4/33 (12%) patients were dis-
continued by the investigator in violation of safety protocol
rules (i.e., discontinued treatment when protocol proposed
dose reduction). Hence, more than 70% of those discontin-
uations were attributed to AEs that can be efficiently managed
by dose reduction or temporary interruption.

Assessment according to clinical evidence of infections and in-
festations showed an overall incidence (regardless of severity) of
36.7% (73/199) for masitinib vs 35.6% (36/101) for placebo
(eTable 6, links.lww.com/NXI/A699). Rates according to ana-
tomical site (e.g., upper respiratory tract, lower respiratory tract,
and lower urinary tract) were well balanced between treatment
arms, as was distribution of severity within each category. The
only infectious complication reported as a SAE was urinary tract
infection with an incidence of 1.0% in each treatment arm (2/
199 vs 1/101, respectively) (eTable 5). Hence, there was no
evidence of elevated risk of infection for masitinib relative to
placebo over the 96-week treatment period.

Safety Analysis for the UptitratedMasitinib 6.0
mg/kg/d Parallel Group
The incidence of treatment-emergent AE and SAE for masiti-
nib (titrated 6.0 mg/kg/d) was, respectively, 90.6% (184/203)
and 23.2% (47/203) vs 78.5% (84/107) and 10.3% (11/107)
for placebo (Table 3). The most common treatment-emergent
AE for masitinib was nausea with an incidence of 11.3% (23/
203) vs 2.8% (3/107) for placebo. The most common
treatment-emergent SAEs for masitinib were neutropenia (2%,
4/203) and maculopapular rash (2%, 4/203), with neither
occurring in the placebo arm. During the study, there were 2
deaths (1%) in the masitinib titrated 6.0 mg/kg/d group
(cellulitis and myocardial infarction) vs none for placebo.

Discussion
Efficacy results from study AB07002 (as measured using the
EDSS, the gold standard instrument for monitoring MS

Table 4 Summary of Reason for Premature
Discontinuation for the Masitinib 4.5 mg/kg/d
Parallel Group; Number (%) of Patients

Category of
discontinuation Reason

M4.5
(n = 200)

PBO
(n = 101)

Total Any reason 100 (50.0) 34 (33.7)

MAR

Total MAR 42 (21.0) 21 (20.8)

Cancer 2 (1.0) 0

Death 0 1 (1.0)

Eligibility criteria
mistake

2 (1.0) 0

Lost to follow-up 1 (0.5) 1 (1.0)

Not related TEAE 3 (1.5) 1 (1.0)

Procedures 7 (3.5) 6 (5.9)

Protocol non
compliance

2 (1.0) 1 (1.0)

Regulatory
suspension

8 (4.0) 3 (3.0)

Travel 12 (6.0) 4 (4.0)

Unknown 5 (2.5) 4 (4.0)

MNAR

Total MNAR 58 (29.0) 13 (12.9)

Lack of efficacy 25 (12.5) 12 (11.9)

Drug-related TEAE 33 (16.5) 1 (1.0)

Drug-related TEAE
breakdown

Investigator decisiona 14 (7.0) 0

Severe 8 (4.0) 0

Moderate 6 (3.0) 0

Mild 0 0

Safety rule violationb 4 (2.0) 0

Severe 0 0

Moderate 3 (1.5) 0

Mild 1 (0.5) 0

Patient decision 15 (7.5) 1 (1.0)

Severe 1 (0.5) 0

Moderate 12 (6.0) 1 (1.0)

Mild 2 (1.0) 0

Abbreviations: M4.5 = masitinib 4.5 mg/kg/d; MAR = missing at random;
MNAR =missing not at random; PBO = placebo; TEAE = treatment-emergent
adverse event.
a Discontinuation based on investigator decision as per protocol safety
rules.
b Discontinuation based on investigator decision that was in violation of
protocol safety rules and could have been managed without need to dis-
continue. Adverse events described using MedDRA preferred terms.
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disease severity) significantly favored masitinib (4.5 mg/kg/
d) over placebo. The observed primary end point treatment
effect is supported by convergence in EDSS sensitivity anal-
yses. Moreover, benefit was demonstrated in a relatively di-
verse population that comprised both PPMS and nSPMS
subgroups.

Conversely, results from the uptitrated masitinib 6.0 mg/kg/d
parallel group did not demonstrate any treatment effect. This
was unexpected, the experience of masitinib in another neu-
rodegenerative indication that also targeted mast cell and
microglia activity (i.e., ALS) having indicated possible dose-
dependent efficacy.12One explanation for this divergent result is
that the titrated 6.0 mg/kg/d parallel group placebo arm had an
atypical pattern of EDSS improvement relative to baseline
during the early phase of the study (Figure 2B), which then
compromised all subsequent analysis and resulted in an im-
plausible situation of the placebo arm showing an overall im-
provement relative to baseline after 96 weeks.What we can infer
from these data, however, is that in terms of benefit/risk bal-
ance, the recommended masitinib dose for future development
should be 4.5 mg/kg/d. This is based on an apparent absence of
the dose-dependent treatment effect, as evidenced by similar
EDSS time series profiles (i.e., rate of change in the EDSS over
96 weeks) for the masitinib 4.5 mg/kg/d and titrated masitinib
6.0 mg/kg/d treatment arms (Figure 2, A and B, respectively)
and because of a more favorable safety profile for the masitinib
4.5 mg/kg/d cohort (Table 3).

An innovative design feature of study AB07002 is its use of
EDSS repeated-measures GEE methodology for the primary
efficacy outcome, as opposed to survival or disability pro-
gression analyses that consider a specificmilestone.25 The latter
approaches ignore available data, both before and after reaching
the milestone, do not consider differences between individual
trajectories, and have a relatively low incidence of milestone
attainment over 2 years in the placebo group. Conversely, GEE
repeated-measure models, where observations are clustered
within individuals, use all available information to generate a
population-averaged interpretation of the data, which takes into
account the fluctuating nature of EDSS over time (i.e., all de-
tectable improvement and worsening). Furthermore, this ap-
proach accounts for time variation and the correlations
between repeated measurements found in a longitudinal study
design and is relatively insensitive to within and between pa-
tient EDSSmeasurement variability (i.e., due tomissing data or
investigator variability). Another advantage of this end point is
a reduced sample size requirement for a given study power as
compared with the conventional time to confirmed disability
progression end point, although this gain comes at the expense
of those secondary end points being underpowered. One po-
tential caveat to this approach, however, is that there is no
precedent for its use in other MS trials and that the numeric
values associated with δEDSS (which is now effectively an
interval scale) are not relatable to the original EDSS scores or
intervals (which is an ordinal scale), making direct clinical in-
terpretation more challenging.

Overall, safety results from this study were consistent with the
known profile for masitinib (e.g., diarrhea, rash, nausea, pe-
ripheral edema, pruritus, and dyspepsia), and there were no new
safety concerns.12,26 There was no evidence of increased risk of
infection with masitinib, which could prove advantageous
compared with other MS drugs, many of which are associated
with an increased risk of infectious complications both in terms
of frequency (e.g., increased rates of minor infections) and se-
verity (e.g., potentially life-threatening opportunistic infections
such as progressive multifocal leukoencephalopathy).27,28

The only drug currently approved for treatment of PPMS is
ocrelizumab, a humanized monoclonal antibody targeting the
CD20 antigen on B cells, for which a single pivotal trial was
conducted in PPMS, whereas there is no accepted drug for
nSPMS (siponimod being approved solely for relapsing/active
SPMS).29-31 Comparison between masitinib AB07002 results
and other treatments for progressive MS is complicated by im-
portant differences in study design, patient inclusion criteria,
primary end points used, and pharmacologic action. For exam-
ple, ocrelizumab is approved for treatment of patients with
PPMS with active disease (imaging features characteristic of
active inflammation at baseline) and early disease in terms of
disease duration and level of disability (i.e., younger patients less
than 45 years of age), as reflected in the indication approved by
regulatory authorities.32 In contrast, the positive results from
masitinib study AB07002 are in the context of a broader pop-
ulation with little restriction on age, no restriction on duration of
disease, and targeting patients with progressiveMS (both PPMS
and SPMS) who are progressing but are not clinically active.

Mechanistic implications of masitinib’s dual action against acti-
vated cells of the neuroimmune system may influence the future
direction of drug development in progressiveMS; for example, by
prompting a move away from immunomodulating agents that
predominantly target B-cell and T-cell signaling pathways or a
combined therapeutic approach that targets both the peripheral
adaptive andCNS innate immune systems. These positive clinical
findings also provide compelling evidence implicating mast cells
and/or macrophage/microglia to the pathophysiology of truly
progressive MS. However, further preclinical studies are needed
to better understand howmasitinib’s observed therapeutic benefit
is attributable to inhibition of macrophage, microglia, and mast
cell activity; for example, testing the hypothesis that masitinib is
capable of switching the neuroimmune system from a neurotoxic
state toward a neuroprotective state with resultant remodeling of
the neuronal microenvironment.33 Indeed, neuroprotection as-
sociated with masitinib’s therapeutic targeting of these cells in
other neurodegenerative disorders suggests that reduction of
neuronal damage in MS is also probable.13,15

In conclusion, masitinib at 4.5 mg/kg/d can benefit patients
by slowing EDSS-based disability worsening; however, vali-
dation of these findings via a confirmatory phase 3 study will
be necessary, in part because neuroimaging data were not
collected during the current study and also due to an absence
of signal on secondary end points. Overall, study AB07002
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represents the first successful randomized, controlled, phase 3
trial in progressive MS of a tyrosine kinase inhibitor, targeting
innate immune cells.
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