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Abstract

The benefits provided by disease-modifying treatments in multiple sclerosis have been demonstrated in clinical trials, but
the extent to which they can be extrapolated to everyday care is less clear, as are the long-term benefits of treatment. The
objective of this prospective observational cohort study performed in France was to evaluate the effectiveness and safety of
glatiramer acetate in patients with relapsing—remitting multiple sclerosis over a 5-year period. All neurologists in France
were invited to participate and enroll adult patients starting a first treatment with brand glatiramer acetate 20 mg. Given the
observational nature of the study, no fixed study visits were imposed; consultations took place according to the investigator’s
normal practice. Occurrence of disease exacerbations and adverse events was documented and neurological disability evalu-
ated with the EDSS at each consultation. Overall, 852 patients were analysable and 269 took glatiramer acetate continuously
for 5 years. Median treatment duration was 3.4 years. Principal reasons for discontinuation were inadequate efficacy (38.9%),
local tolerability (22.6%) and personal convenience (21.3%). Age, employment status, baseline EDSS score and number
of previous exacerbations were variables associated with treatment persistence. The annualised exacerbation rate (5 years)
was 0.41 [95% CI 0.39-0.44]; 316 patients (37.2%) remained exacerbation-free throughout. The risk of confirmed disability
worsening (5 years) was 43.8% [95% CI 39.9-47.9%]. The most frequent adverse drug reactions were local injection site
reactions (584 patients; 68.5%) and systemic immediate post-injection reactions (168 patients; 19.7%). Overall, these find-
ings are consistent with those of previous clinical trials.

Keywords Relapsing—remitting multiple sclerosis - Disease-modifying treatment - Glatiramer acetate - France -
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Introduction
The members of the “Copaxone Observatory” listed in Multiple sclerosis is a progressive disabling neurological
acknowledgement section. disease, which affects around 100 000 people in France [1].

It is associated with considerable burden of disease [2] and is
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young adults. Over the past 2 decades, a number of disease-
modifying treatments (DMTs) for MS have been introduced,
which provide a reduction in exacerbation rates and disease
activity measured by MRI, together with a possible reduc-
tion of disability progression in the medium-term. The first
generation of these DMTs were injectable immunomodula-
tory drugs, namely interferon-f or glatiramer acetate (GA),
which have become the mainstay of treatment for patients
with relapsing-remitting disease. The first generation of
injectable first-line treatments, have been complemented
since 2014 (in France) by the first oral first-line therapies.

The benefits provided by DMTs have been clearly demon-
strated in randomised clinical trials but the extent to which
they can be extrapolated to everyday care is less clear, as
are the long-term benefits of treatment. The performance
of these treatments in everyday care is of interest both to
physicians and to public health authorities who are respon-
sible for allocation of resources for the treatment of chronic
diseases. In the light of this uncertainty, several cohort
studies have attempted to address this issue. For example,
a prospective cohort study including essentially all patients
starting interferon-p or GA treatment in the United Kingdom
was initiated in the context of a risk-sharing scheme agreed
between the health authorities and the manufacturers. After
6 years of follow-up, the observed rate of disability worsen-
ing in treated patients was lower than that reported in an
untreated historical cohort [3]. Two large patient registries
have also been established in Canada which have followed
essentially all patients in a provincial catchment area over
more than 15 years [4, 5]. Although specific prospective
cohorts of patients starting interferon-f} treatment for the first
time have been established [6], we are not aware of any such
prospective cohorts of patients starting GA.

In 2003, at the time of the approval of GA in France,
the French health authorities expressed interest in the estab-
lishment of an observatory to study the long-term outcome
of patients treated with brand GA 20 mg (Copaxone®) in
France. We therefore undertook to establish a nationwide
prospective cohort of patients starting GA treatment for the
first time and followed for 5 years. The objective of this
study was to describe this cohort over the long-term in terms
of treatment persistence and modifications, clinical evolution
and incidence of adverse drug reactions under real-world
conditions of clinical practice.

Methods

This was a prospective, longitudinal, observational cohort
study performed by neurologists treating patients with
relapsing—remitting MS in France with GA in everyday
conditions of care. Patients were recruited from 2005 to
2008 and each patient was followed up for 5 years or until

prematurely lost to follow-up, regardless of whether they
continued GA treatment for this period or not. During the
period of recruitment, only the original branded Copaxone
20 mg formulation of GA was available. Neither the Copax-
one 40 mg formulation nor generic preparations had yet been
marketed.

Participants

All neurologists in France were invited by mail to participate
in the study. Those who accepted were asked to invite all
adult patients who were starting treatment with GA for the
first time to participate in the study. Both treatment-naive
patients and patients switching from another DMT were
eligible.

Study procedures

Given the observational nature of the study, no fixed study
visits were imposed for the purposes of the study. Accord-
ing to the French Health Authority’s guidelines on care for
patients with MS [7], patients should see their neurologist at
least annually, or more frequently if justified by their clinical
evolution [7]. At the inclusion visit, sociodemographic data
were documented and the patient’s clinical history taken.
Neurological function was evaluated with the Expanded
Disability Status Scale (EDSS) [8]. Patients were followed
for 5 years after their inclusion visit, or until they were lost
to follow-up. At each study visit, any changes in treatment
were recorded. Neurological function was re-evaluated with
the EDSS [8]. Any exacerbations or adverse drug reactions
that had occurred since the previous visit were documented,
as were hospitalisations for MS, rounds of corticosteroid
treatment and changes in work activity due to MS. All this
information was recorded in a case report form for each visit,
which was sent to the study coordination centre. Any miss-
ing data or inconsistencies were queried with the participat-
ing physician before data entry. On-site and telephone moni-
toring of participating centres was performed episodically to
ensure the quality of the data collection.

Outcome variables

All changes in treatment occurring over the follow-up period
were documented. Treatment persistence with GA was
determined using Kaplan—Meier actuarial survival analy-
sis, taking the date of the follow-up visit at which no new
prescription for GA was issued as the date of discontinua-
tion. Patients who started GA treatment again following a
temporary discontinuation were documented but not taken
into account in the estimation of persistence.

The annualised exacerbation rate was determined by
counting the total number of exacerbations occurring at
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each study visit between inclusion and study end (or loss
to follow-up). These data were introduced into a log-linear
model with multiple measures to calculate the number of
exacerbations over the follow-up period adjusted for random
fluctuations.

EDSS disability scores were only retained if they were
measured at least 3 months from an exacerbation. Worsen-
ing of disability was only considered confirmed if the EDSS
score had increased by at least one point (or 0.5 point if the
previous score was > 5.5) since the previous visit and did not
decrease at the subsequent follow-up visit at least 3 months
later or at any subsequent study visit.

A composite variable of clinical response was also ana-
lysed. Clinical response was defined as a patient who had
not experienced an exacerbation since the previous visit and
whose EDSS disability score had decreased or remained sta-
ble since the inclusion visit. The justification for this vari-
able was that follow-up was not systematic and the number
of visits at which the EDSS score was not measured was
relatively high. In addition, it was not possible to determine
at each intermediate visit whether any change in EDSS score
was sustained due to the lack of systematic re-evaluation
after a fixed interval (3 or 6 months).

Evolution to secondary progressive multiple sclerosis
(SPMS) was identified by the neurologist. However, it was
verified a posteriori whether these patients fulfilled a stand-
ardised criterion for evolution to SPMS, namely no exacer-
bations in the previous year and an increase of at least one
EDSS point over the same period (or of 0.5 point in patients
with an EDSS > 5.5 at the beginning of the period).

Adverse drug reactions (ADRs) occurring during the
study were noted in the case report form, classified as local
reactions, systemic reactions and others. A possible causal
role of GA treatment was assessed by the investigator.
Only serious ADRs and unexpected ADRS considered to
be related to GA treatment were required to be notified by
the investigator to the pharmacovigilance department of the
study sponsor.

Statistical analysis

Variables potentially associated with treatment persistence
were evaluated in a Cox proportional hazard model. In a
first step, univariate analysis was performed to identify all
variables associated with persistence. Variables signifi-
cantly associated at a probability threshold of 0.20 were then
entered into a descending stepwise Cox model with only
variables retained at a probability threshold of 0.05 being
retained for the following round. The variables retained
at the end of the procedure were then entered into a final
Cox model to generate hazard ratios (HR) with their 95%
confidence intervals (95% CI), which were displayed in the
form of Forest plots. A similar approach was undertaken

@ Springer

to identify variables independently associated with clinical
response using multiple logistic regression modelling of a
clinical response as a binomial categorical variable.

Ethics

The study was conducted in conformity with all relevant
international and national legislation and guidelines for
biomedical research, and with Good Epidemiological Prac-
tice. Since the conduct of this study had no influence on
the care received by the patients and did not involve any
specific study procedures, Ethics Committee approval was
not required. All patients participating in the study pro-
vided oral consent. The study protocol was submitted and
approved by the Commission Nationale Informatique et Lib-
ertés (CNIL) and the Comité Consultatif sur le Traitement de
I’Information en matiere de Recherche dans le domaine de la
Santé (CCTIRS), which are responsible for data protection
in France. All patient information in the study database was
rendered anonymous.

Results
Participants

A total of 412 neurologists agreed to participate, of whom
220 included at least one patient. These corresponded to 103
hospital neurologists, including 44 working in MS reference
centres, and 117 community-based neurologists.

The participating neurologists included 881 patients in
all, of whom 852 (96.7%) attended at least one documented
post-inclusion follow-up visit and were thus retained for the
analysis. 280 patients (32.9%) were included in MS refer-
ence centres, 176 (20.7%) by other hospital-based neurolo-
gists and 396 (46.5%) by community-based neurologists.
Of these 852 patients, 258 (30.3%) discontinued the study
before the planned 5 years of follow-up had been completed.
Of the 594 patients who completed 5 years of follow-up,
269 (45.3%) were still taking GA, the remainder having dis-
continued or switched. The principal reasons for premature
discontinuation were moving house out of the neurologist’s
catchment area (N=96) and loss to follow-up (N=53).
Three hundred and 95 patients (46.4%) were continually
taking GA from inclusion until the end of the study or until
loss to follow-up. Of the 457 patients who discontinued
GA, 13 had restarted this treatment at the last documented
follow-up visit, whereas 225 were receiving another DMT
and 219 were untreated. The flow of patients through the
study is illustrated in Fig. 1 and the numbers of patients in
the study at the end of each 12-month period are provided
in Supplementary Table 1.
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Fig. 1 Patient distribution. GA
glatiramer acetate, FU follow-
up

Patients enrolled
N =881

No post-inclusion
follow-up visit:N = 29

Analysis population

N =852
I I
Continuous GA Discontinued GA
N =395(46.4%) N =457 (53.6%)
Full 5-year FU Lostto FU Full 5-year FU Lostto FU

N =269 (31.6 %)

N =126(14.8%)

N =325 (38.1%) N = 132 (15.5%)

The sociodemographic and clinical features of the analy-
sis population are presented in Table 1. The mean age of
the population was 40 years and 75.8% were women. The
mean time between diagnosis and prescription of GA was
8 years although this was very variable (median 6 years;
range 0—44 years). The initial presentation was monofocal in
around half the cases. In the 2 years prior to inclusion, 10.3%
of patients had not experienced an exacerbation whereas
19.3% had experienced three or more. In 67.2% of cases, the
patients starting GA who had experienced < 2 relapses in the
previous 2 years corresponded principally to those switching
from interferon-f for tolerability reasons. Around half had
an EDSS score at inclusion > 2 and 6.1% a score > 5. The
analysis population contained patients prescribed GA both
as a first-line therapy (41.8%) and following a switch from
another treatment (58.2%).

Compared to the analysis population as a whole, the sub-
group of 258 patients who did not complete the entire 5-year
follow-up as planned were broadly similar (Table 1). The
only significant differences observed were that patients lost
to follow-up were more likely to have given up work due to
their MS and less likely to be in full-time employment.

Treatment persistence

At the end of the 5-year follow-up period, 260 patients
(30.5% of the patients still under observation) had been

taking GA continuously throughout the study period. For
the 457 patients with a documented discontinuation of GA
treatment during the follow-up period, the median duration
of treatment estimated using Kaplan—Meier survival analysis
was 3.4 years [95% CI 2.9—4.0 years] (Fig. 2). The principal
reasons for discontinuing GA were inadequate efficacy and
local injection site reactions (Table 2). Only five patients
discontinued GA permanently because they became preg-
nant. Baseline characteristics were compared between the
178 patients discontinuing GA for inadequate efficacy and
the 167 discontinuing for tolerance. The only such variable
which differed between the two groups was the EDSS score
at inclusion, with patients who discontinued for inefficacy
having a higher score than those discontinuing for toler-
ability reasons (2.90 + 1.68 versus 2.29+1.66; p=0.001).
For the 103 patients who discontinued for local injection
reactions, the mean treatment duration until discontinuation
of GA was shorter than for patients who discontinued for
inadequate efficacy (1.1 + 1.3 years versus 1.8 + 1.3 years;
p<0.0001).

Following discontinuation of GA, 231 patients were
moved to another disease-modifying treatment, princi-
pally an interferon-f or natalizumab. In the remaining 226
patients, no further disease-modifying treatment was docu-
mented (Table 2). Patients switched to natalizumab princi-
pally did so for inadequate efficacy (72/81 switches). Patients
switching to another treatment for tolerability reasons most
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Table 1 Sociodemographic and clinical characteristics of the analysis population

Variable All patients N=852 Patients taking Patients hav- p? Patients lost to Patients followed PP
GA continuously ing stopped GA follow-up before for full 5 years
(N=395) (N=457) 5 years (N=258) (N=594)
Age (mean +SD; 39.9+10.6 40.9+10.8 39.1+10.3 0.04 40.1x11.2 39.8+10.3 0.70
years)
Gender (% women) 646 (75.8%) 294 (74.4%) 352 (77.0%) 0.38 189 (73.3%) 457 (78.3%) 0.14
In full-time employ- 394 (46.4%) 206 (52.3%) 188 (41.2%) 0.001 102 (39.8%) 292 (50.0%) 0.006
ment (or student)
Not working due 178 (20.9%) 67 (17.0%) 111 (24.3%) 0.009 70 (27.3%) 108 (18.5%) 0.06
to MS
Age at first episode  31.8+9.9 32.8+10.1 31.0+9.6 0.01 32.0+10.3 31.7+£9.7 0.68
(mean +SD;
years)
Time since diagno- 8.1+7.5 8.1+7.9 8.1+£7.2 039 8.1+8.0 8.1+7.3 1.00
sis (mean + SD;
years)
Initial presentation
Optic neuritis 151 (17.9%) 76 (19.5%) 75 (16.6%) 0.28 42 (16.7%) 109 (18.7%) 0.47
Monofocal brain- 136 (16.2%) 64 (16.5%) 72 (15.9%) 0.85 37(14.7%) 99 (17.0%) 0.73
stem symptoms
Monofocal spinal 274 (32.5%) 132 (33.9%) 142 (31.3%) 046 87 (34.5%) 187 (32.0%) 0.41
cord symptoms
Multifocal presen- 264 (31.4%) 108 (27.8%) 156 (34.4%) 0.044 83 (32.9%) 181 (31.0%) 0.24
tation
Paroxysmal symp- 17 (2.0%) 9 (2.3%) 8 (1.8%) 0.629 3 (1.2%) 14 2.4%) 0.25
toms, fatigue,
other
Not documented 10 6 4 6 4
Exacerbations in the N=2851 N=39% N=457 0.033 N=257 0.10
previous 2 years
0 88 (10.3%) 43 (10.9%) 45 (9.8%) 35 (13.6%) 53 (9.1%)
1 248 (29.1%) 126 (32.0%) 122 (26.7%) 80 (31.1%) 168 (28.8%)
2 351 (41.2%) 160 (40.6%) 191 (41.8%) 99 (38.5%) 252 (43.2%)
>3 164 (19.3%) 65 (16.5%) 99 (21.7%) 43 (16.7%) 121 (20.7%)
Annual exacerba-  0.85 0.81 0.88 0.79
tion rate®
EDSS¢ N=716 N=324 N=392 N=209
Mean score+SD  2.35+1.66 2.12+1.62 2.54+1.67 <0.01 2.54+1.73 2.30+1.60 0.05
<1 228 (31.8%) 127 (39.2%) 101 (25.8%) 54 (25.8%) 174 (29.8%)
1.50r2 168 (23.4%) 68 (31.0%) 100 (25.5%) 54 (30.9%) 114 (19.5%)
250r3 112 (15.6%) 50 (15.4%) 62 (15.8%) <0.01 34(16.3%) 78 (13.4%) 0.31
350r4 115 (16.1%) 43 (13.3%) 72 (18.4%) 34 (16.3%) 81 (13.9%)
450r5 49 (6.8%) 22 (6.8%) 27 (6.9%) 17 (8.1%) 32 (5.5%)
>5 44 (6.1%) 14 (4.3%) 30 (7.7%) 16 (7.7%) 28 (4.8%)
Previous treatments
None 356 (41.8%) 191 (48.4%) 165 (36.1%) 118 (45.7%) 238 (40.8%)
Interferon-f 409 (48.0%) 171 (43.3%) 238 (52.1%) 0.001 112 (43.4%) 297 (50.9%) 0.21
Other 87 (10.2%) 33 (8.4%) 54 (11.8%) 28 (10.9%) 59 (10.1%)

2Comparison between the 395 patients taking GA continuously and the 457 patients discontinuing GA

bCompa.rison between the 258 patients lost to follow-up and the 594 patients followed for 5 years (for both sets of comparisons: i test for cat-
egorical values; Wilcoxon or Student’s ¢ test for continuous variables)

“Since the number of exacerbations above three was not documented individually, this figure is a lower estimate, assuming that all patients docu-
mented as having experienced > 3 exacerbations only experienced precisely three

9dLast determination before inclusion, at least 3 months distant from an exacerbation

@ Springer



Journal of Neurology (2019) 266:888-901

893

10 -

0.8 -

0.6

04

0.2

Probability of GA discontinuation

0 I I 1 I I 1
N: 852 606 461 382 314 195 2

0 1 2 3 4 5 6
Follow-up duration (years)

Fig.2 Probability of persistence with AG treatment over the 5-year
study period. Data are presented as a Kaplan—Meier survival curve

frequently switched to an interferon-p (53/68 switchers for
tolerability). In 38 patients, GA was discontinued for inad-
equate efficacy but no next-line treatment was documented.

In univariate analysis, seven variables were signifi-
cantly (p <0.05) associated with persistence with GA treat-
ment, namely older age when GA treatment was started
(p=0.009), being in employment (p <0.001), older age at
diagnosis (p =0.007), monofocal presentation at disease
onset (p=0.014), a history of <5 previous exacerbations
(»<0.001), lower EDSS score at inclusion (p <0.001) and
no previous treatment for MS (p <0.001). Two other varia-
bles were identified at the 0.20 probability threshold, namely
not living alone (p =0.10) and optic neuritis as first symptom
(p=0.098). All these variables were entered into a multi-
variate Cox proportional hazard model which identified age,

employment status, EDSS score at inclusion and the number
of previous exacerbations as being independently associated
with treatment persistence (Fig. 3a).

Exacerbations

Over the entire follow-up period, the annualised exacerba-
tion rate was 0.41 [95% CI 0.39-0.44] exacerbations/year.
This rate decreased progressively from 0.64 [0.59-0.70]
exacerbations/year in the first year after initiation of GA
to 0.28 [0.24-0.32] exacerbations/year during the fifth year
(Fig. 4). Overall, 316 (37.2%) of the patients never presented
an exacerbation during the entire follow-up period, whereas
80 patients (9.4%) presented five or more exacerbations. For
the 269 patients continuously treated with GA for 5 years,
127 (47.5%; missing data: 10) remained exacerbation-free
throughout. In patients who discontinued GA, the on-
treatment annualised exacerbation rate was higher and the
proportion of patients without exacerbations lower than in
patients who continued GA treatment throughout the obser-
vation period (p <0.0001; Table 3).

Disability

In 136 patients (16.0%), the initial documentation of the
EDSS score was not separated from an exacerbation by at
least 3 months. For this reason, these patients were excluded
from the determination of the EDSS score at inclusion. For
the remaining patients, the mean EDSS score at inclusion
was 2.4+ 1.7, being higher in the 457 patients who would
subsequently discontinue GA (2.5+ 1.7) than in the 395
who remained on treatment until their last follow-up visit
(2.1x£1.6).

Table 2 Patients discontinuing glatiramer acetate: reasons for discontinuation and next-line treatments

All No next-line treatment Interferons Natalizumab Fingolimod Mitoxantrone Others?
Reason for discontinuation® N=457 N=226 N=96 N=381 N=17 N=17 N=30
Missing data N=2 N=2 - - - - -
Inadequate efficacy 177 (38.9%) 38 (17.0%) 34 (35.4%) 72 (88.9%) 5(71.4%) 10(58.8%) 18 (60.0%)
Local tolerability issues 103 (22.6%) 60 (26.8%) 32 (33.3%) 5(6.2%) 1(143%) 2(11.8%) 3 (10.0%)
General tolerability issues 71 (15.6%) 48 (21.4%) 19 (19.8%) - - 3(17.6%) 1(3.3%)
Abnormal laboratory tests 4(09%) 4(1.8%) - - - - -
Occurrence of a serious adverse 7(1.5%) 5(12.2%) 2 (2.1%) - - - -

event

Personal convenience 97 (21.3%) 78 (34.8%) 14 (14.6%) 1 (1.2%) 1(143%) 1(5.9%) 2 (6.7%)
Planned discontinuation 34 (7.5%) 16 (7.1%) 8 (8.3%) 6 (7.4%) - 1(5.9%) 3 (10.0%)
Pregnancy or breastfeeding 5(1.1%) 4 (1.8%) 1(1.0%) - - -
Other reasons 80 (17.6%) 46 (20.5%) 7 (7.3%) 14 (17.3%) 1(14.3%) 4 (23.5%) 8 (26.7%)

Data are presented as the number of patients (%)

*More than one reason for discontinuation could be provided and these classes are thus not mutually exclusive

These were azathioprine (N=>5) and cyclophosphamide (N=25), neither of which are approved for use in MS
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Fig.3 Patient variables inde-
pendently associated with treat-
ment persistence (a; N=715)
and with clinical response (b;
N=0661) in patients treated with
glatiramer acetate. Data are pre-
sented as hazard ratios or odds
ratios with their 95% confidence
intervals

A

Employment status p=0.04
Full-time employment I Reference
Part-time employment 1.04 [0.77 - 1.40]
Not working due to MS _— 1.45[1.08 - 1.93]
Housewife L 4 1.45 [1.04 - 2.03]
Other —_— 0.96 [0.64 —1.44]
Age p <0.001
Per year o 0.98[0.97 —0.99]
EDSS at inclusion p =0.005
Per point - 1.11[1.03-1.19]
Exacerbation history p <0.001
<5 Exacerbations (@) Reference
>5 Exacerbations —_— 1.54 [1.25-1.90]
| 1 1 |
0 0.5 1.0 1.5 2.0

Favours persistence <———> Favours discontinuation

Education level

Failed to complete high school
High school diploma

Further education

Exacerbation history

<5 Exacerbations

>5 Exacerbations

Hazard ratio

p=0.02
ﬁ) Reference

1.51[1.05 — 2.19]

B — 1.61[1.11-2.35]
p <0.03
ﬁ) Reference
—_— 0.71[0.52 -0.98]
| 1 1 |
0.3 1 3

Favours non-response €<—————————> Favours response

At the last study visit, confirmed worsening of disability
as defined in the “Methods” was documented in 194 patients
(31.9%). According to the Kaplan—Meier survival analysis,
the risk of confirmed worsening of disability was 43.8%
[95% CI39.9-47.9%] (Fig. 5). The median time to worsen-
ing was not reached during the follow-up period.

In the patients who remained on GA, the mean EDSS
score remained relatively unchanged over the course of the
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study (Table 4) and for 67.1% of the patients the EDSS score
was stable or decreased at the end of the 5-year follow-up
period. The proportion of patients with a confirmed increase
in EDSS score rose gradually over the study. After 5 years,
27.6% of the patients still in the study and taking GA pre-
sented an increase in EDSS score > 1 point and 9.7% an
increase > 2 points.



Journal of Neurology (2019) 266:888-901

895

0.8

0.6

0.4

Annualised relapse rate

0.2

LI S e B B B S S S S B S S S S S |

N: 849 693 637 597 594

1 2 3 4 5

Follow-up duration (years)

Fig.4 Annualised exacerbation rate over the course of the study

Concerning the patients who discontinued GA, the mean
EDSS score rose from 2.5+ 1.7 at inclusion to 3.0+ 1.8 at
the last follow-up visit before stopping GA and to 3.3 +2.1
at the last documented follow-up visit. The mean change in
EDSS score was 0.5 + 1.1 during the period of GA treat-
ment and 0.3 + 1.2 following discontinuation of GA (regard-
less of whether the patients received a next-line treatment
or not), both of these changes being statistically significant
(»<0.001; paired Wilcoxon test).

The mean change in EDSS score was lower and the pro-
portion of patients without disability worsening higher in
patients who continued GA treatment throughout the obser-
vation period compared to those who discontinued treatment
(p<0.0001; Table 3).

Clinical response

A clinical response at 5 years was documented for 318 of
675 patients (47.1%). Response could not be documented
for the remaining 177 patients due to incomplete data on
exacerbations at certain follow-up visits or on EDSS at the
inclusion or final study visit.

In univariate analysis, three variables were significantly
(p <0.05) associated with a sustained clinical response,
namely higher education level (p =0.020), fewer exacerba-
tions in the 2 years preceding inclusion (p=0.021) and <5
exacerbations over the entire disease course prior to starting
GA (p=0.016) (Supplementary Table 2). Together with six
other variables identified at the 0.20 probability threshold
(female gender: p=0.057; employment status: p =0.072;
shorter time since diagnosis: p=0.053; lower EDSS score
at inclusion: p=0.073; no previous DMT therapy: p=0.112;
previous interferon-f therapy stopped for inefficacy:
p=0.175), these were entered into a multivariate logistic
regression analysis, which identified education level and the
number of previous exacerbations as being independently
associated with clinical response (Fig. 3b).

Evolution to secondary progressive multiple
sclerosis

Over the course of the study, 134 patients (15.8%) were iden-
tified by their neurologists as having evolved to a secondary
progressive form of MS. For the patients who discontinued
GA during the study, this proportion was 20.9% (N=93;
data missing for 13 patients). In contrast, 8.1% of patients
taking GA for the full 5 years evolved to secondary progres-
sive MS (N=21; data missing: N=10).

Of the patients considered by their neurologist to have
evolved to SPMS, 56 (41.8%) fulfilled the objective criterion

Table 3 Clinical outcomes in patients who were treated with GA continuously and in those who discontinued GA treatment

Population Patients taking Patients discontinuing GA  Patients taking Patients discontinuing GA
GA continuously GA continuously

Follow-up period Until last FU visit  Until last FU At 5 years At 5 years
N=395 N=457 N=269 N=325

Annualised exacerbation rate (mean [95% CI])  0.28 [0.23;0.33]  0.63 [0.56; 0.71]* 0.23[0.19;0.26] 0.51 [0.46; 0.56]*

Exacerbation-free throughout the follow-up 201 (50.9%) 118 (25.8%)* 127 (47.2%) 64 (19.7%)*

period (% [95% CI]) [46.0%; 55.8%] [21.8%;29.8%] [41.2%; 53.2%]  [15.4%; 24.0%]

Evolution of EDSS score (mean [95% CI])° 0.26 [0.14;0.39]  0.78 [0.63; 0.93]* 0.24 [0.09; 0.40] 0.80[0.62; 0.97]*

Patients with no EDSS evolution (% [95% CI])® 163/322 (50.6%)  128/387 (33.1%) 109/226 (48.2%)  79/281 (28.1%)*
[45.2%; 56.1%] [28.4%; 37.8%] [41.7%; 54.7%]  [22.9%; 33.4%]

aSignificant difference with patients continually taking GA (p <0.0001; »? test for categorical variables and Student’s ¢ test for continuous vari-

ables)

®These variables could only be assessed in patients evaluated at least 3 months distant from an exacerbation
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Fig.5 Time to confirmed worsening of disability: Kaplan—-Meier sur-
vival analysis

of no exacerbations in the previous year and an increase
of at least one EDSS point. Of the remaining 78 patients,
35 presented relapses in the previous year, and 56 did not
have characterised disability worsening of at least one point
(some patients fell into both categories).

Subgroup analysis according to the type of treating
neurologist

The principal efficacy outcomes were compared between
patients followed in MS reference centres, those treated by
other hospital neurologists and in those treated by commu-
nity neurologists. The data are presented in Supplemen-
tary Table 3. No statistically significant differences were
observed between the three treatment settings for any of the
outcomes evaluated. However, differences between subjec-
tive (physician judgement) and objective (decision rules)
methods of identifying patients who had evolved to SPMS
were observed between the three groups. For neurologists

working in reference centres, the two measures provided a
similar estimate, whereas the subjective method yielded an
over twofold higher estimate than the objective method for
the other two physician groups.

Safety

The AEs reported during the study were principally not seri-
ous and were mostly expected. They consisted principally of
local injection site reactions (73.6% of non-serious ADRs)
reported in 584 patients (68.5%) and systemic immediate
post-injection reactions (12.0%) in 168 patients (19.7%). The
most frequently reported local reactions were erythema and
inflammation and the most frequent systemic reactions were
dyspnoea and flushing (Fig. 6).

In addition, 46 serious non-fatal ADRs potentially related
to GA were documented in 39 patients (4.6%), notably 18
cases of MS exacerbations (15 patients), four cases of angi-
oedema (three patients) and one case of skin necrosis. Seven
patients discontinued GA due to the occurrence of a serious
related ADR, in all cases related to a local or systemic injec-
tion reaction (anaphylactic reaction, urticaria, injection site
pain, Quincke’s cedema, skin necrosis, follicular panniculi-
tis and cutaneous vasculitis). Ten deaths were documented
including three suicides. One death was considered to be
probably unrelated to GA treatment and the remainder defi-
nitely unrelated.

Twenty-two pregnancies occurred in patients taking GA.
It should be noted that the prescribing information for GA
at the time of the study recommended not using this medi-
cation in pregnant women [9]. In most cases, GA was tem-
porarily (N=14) or definitively (N=15) discontinued when
the pregnancy was identified. Only three women continued
taking GA throughout their pregnancy. Pregnancy outcome
was documented in ten cases, of which seven resulted in a
term birth of a healthy infant. There was one voluntary preg-
nancy termination, one spontaneous miscarriage and one in
utero death at 9—10 weeks.

Table 4 Mean EDSS disability scores and change in EDSS scores since inclusion in patients continually taking GA

Duration of follow-up N? n1® Mean + SD

Change in EDSS score from inclusion

n2¢ Mean +SD <0 +0.5 +lorl5 >2
Inclusion 395 324 2.1+1.6 - -
12 months 395 379 1.9+1.6 315 —-0.10+0.76 258 (81.9%) 25 (7.9%) 27 (8.6%) 5(1.6%)
24 months 337 308 20+1.7 257 0.11+0.93 175 (68.1%) 33 (12.8%) 33 (12.8%) 16 (6.2%)
36 months 308 274 21+1.7 231 0.16+1.09 147 (63.6%) 27 (11.7%) 36 (15.6%) 21 (9.1%)
48 months 291 262 21+1.7 219 0.22+1.04 137 (62.6%) 20 (9.1%) 41 (18.7%) 21 (9.6%)
60 months 269 243 20+1.8 207 021+1.11 139 (67.1%) 13 (6.3%) 35 (16.9%) 20 (9.7%)

2All patients available for analysis at each annual time-point

Patients whose baseline EDSS score was determined at least 3 months from an exacerbation

“Patients whose EDSS scores at baseline and at the follow-up visit were both determined at least 3 months from an exacerbation
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Fig.6 Non-serious adverse drug reactions documented during the study

Discussion

This nationwide cohort followed a population of 852 patients
with relapsing—remitting MS who initiated treatment with
GA over a period of 5 years. Around one-third of these
patients were still under GA treatment at the end of the
5-year period. At the last study visit, confirmed worsening of
disability was documented in 31.9% of patients, evolution to
secondary progressive MS in 13.4%, whereas 37.2% had no
documented exacerbation during the study. Clinical outcome
was somewhat better in the subgroup of patients continually
treated with GA for 5 years (27.6% with confirmed worsen-
ing of disability, 8.1% with evolution to SPMS, but 47.5%
with no documented exacerbation).

The strengths and limitations of this study largely reflect
the naturalistic nature of the study design. The absence of
protocol-specified study procedures enabled a large number
of patients to be included in a range of settings from spe-
cialist MS centres to community neurology practices, and
followed up for 5-year. To the extent that the practice of
participating neurologists is representative of all MS care
in France, which cannot be evaluated, the study provides
an accurate picture of actual treatment practices in France.
This naturalistic design also brings a certain number of dis-
advantages for the interpretation of the study. In particular,

IMMEDIATE POST-INJECTION REACTIONS
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Flushing 7.1
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Chest pain

Anxiety

Tachycardia

Syncope

Chest discomfort 1.2

0 2 4 6 8
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there is no specified follow-up schedule, leading to a loss of
precision for determining the disease course (exacerbation
rate, rate of change of EDSS), with a potential risk of bias
occurring if patients decide to consult their neurologist only
in case of new manifestations of disease. For the same rea-
son, adverse events may be under reported. Given these limi-
tations, the findings should be interpreted conservatively.
Apart from infrequent neurologist consultations, another
deviation from current practice standards is the absence of
information on MRI. At the time the study was designed,
there were no consensus standards for MRI in France, and
routine use of MRI was essentially restricted to specialist
MRI centres. It should be noted that the pivotal clinical trial
of GA did not measure MRI outcomes either [10]. The lack
of MRI data is a limitation of the study, since it precludes a
comprehensive evaluation of residual disease activity. None-
theless, it is probable that clinical standards have improved
over the decade since recruitment into this patient cohort,
with more frequent, systematic and comprehensive follow-
up of patients. As such, the findings will be of interest as a
benchmark for the evolution of standards of care in future
long-term prospective naturalistic studies of patients with
MS treated with other DMTs.

Clinical outcome following initiation of GA observed
in the registry is very close to what has been described
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previously in the long-term follow-up of the phase III pivotal
trial [11]. For example, the annualised exacerbation rate in
the fifth year after starting treatment was 0.28 exacerbation/
year in our cohort and 0.25 exacerbations/year in the clinical
trial extension. The proportion of patients without confirmed
worsening of disability was 68% in our study and 58% in the
clinical trial extension [11]. These findings suggest that the
benefits of GA treatment observed in the context of an inter-
ventional clinical trial with a structured patient follow-up
protocol in well-selected patients can also be achieved under
conditions of everyday care in unselected patients. Similar
findings of relatively stable disease (75% of patients without
EDSS worsening) have also been reported from a retrospec-
tive Spanish cohort of patients treated with GA for at least
5 years [12]. The adverse drug reactions documented over
the course of the study were not unexpected for GA [10, 13],
corresponding principally to local injection site reactions or
systemic immediate post-injection reactions.

A relatively high proportion of patients were lost to fol-
low-up before the end of the 5-year study period (30%). This
principally occurred due to the patient no longer consulting
the participating neurologist and suggests that measures to
ensure continuity of care for these patients with a chronic
disease taking long-term DMT therapies would be useful.
This relatively high attrition rate does, however, compro-
mise the precision with which we can determine outcome
in the overall cohort due to the risk of attrition bias. Another
source of missing information concerns the patients for
whom the EDSS score at inclusion was measured close to
an exacerbation, and thus were excluded from the analysis
of evolution of disability.

Thirty percent of patients enrolled into the cohort were
treated with GA for the full 5-year period of follow-up. The
median treatment duration was 3.4 years. Published reports
on-treatment persistence with GA have reported a very wide
range of findings, with median treatment durations rang-
ing from 1.7 years [14] to 9.2 years [4], and our study falls
within this range. A recent study of over 15,000 patients in
the French national MS registry reported a 2-year persis-
tence rate of around 60% for all injectable first-line DMTs
[15].

Since 2006, care of patients with MS has been orien-
tated towards multidisciplinary MS Centres, of which
there are 18 in France. All these centres participated in our
study, although they only recruited one-third of the patients
enrolled. This may reflect the relatively recent establishment
of the reference studies when the study started. To evaluate
the impact of potential differences in standards of care or
in patient evaluation (for example, scoring of the EDSS),
we performed a subgroup analysis comparing outcome in
patients treated in reference centres and in these treated
elsewhere. Exacerbation-related outcomes were similar in
all three groups. No statistically significant differences in

@ Springer

outcome were observed. The largest difference observed
between the three groups was the difference between sub-
jective (physician judgement) and objective (decision rules)
methods of identifying patients who had evolved to SPMS.
Compared to the period of the study, most patients with MS
are now expected to be followed in MS reference treatment
centres.

The demographic and clinical characteristics of the
included population are close to those reported in other rel-
evant populations. Notably, the age at diagnosis and gender
ratio are similar to those reported in recent epidemiologi-
cal surveys of MS in France [16, 17]. Moreover, age and
disease duration at start of treatment, gender ratio, EDSS
score and pre-treatment exacerbation rates were generally
similar to those reported in other cohorts of patients starting
GA or interferon-f in Spain [6], Britain [18] and Canada
[4]. The rather long disease duration when GA was initiated
(8 years) may reflect the fact that the study was initiated
shortly after GA was first made available in France, and
there was a reservoir of patients who could not be treated by
interferon-f awaiting a new treatment. It would be expected
that the time between MS onset and treatment initiation
would now be much shorter, in accordance with current
treatment guidelines.

The principal reasons for treatment discontinuation
were inadequate efficacy, local tolerability issues and
personal convenience. For patients who discontinued for
inadequate efficacy, around half escalated to a second-line
treatment, principally natalizumab. The relatively lim-
ited recourse to natalizumab (which only became avail-
able after the cohort had begun, in 2007) may reflect the
requirement that this treatment be provided in MS refer-
ence centres only and the fact that most enrolled patients
were managed by community-based neurologists. In addi-
tion, the study covered the period between the identifica-
tion of progressive multifocal leucoencephalopathy as an
adverse drug reaction to natalizumab and the time when
the risk stratification programme for natalizumab had
demonstrated its utility; during this period, physicians
and patients may have been reluctant to use natalizumab.
Patients discontinuing GA due to a tolerability issue were
most frequently switched to an interferon-f. Switches
to treatments other than natalizumab or interferon-3
accounted for < 12% of GA discontinuations. An unantici-
pated finding was that around half of patients who discon-
tinued GA received no alternative DMT. In part, this may
be explained by patients evolving to secondary progressive
MS for whom no established DMT existed. These patients
did indeed discontinue GA more frequently than patients
who remained in a relapsing-remitting phase, but only
account for 20% of all discontinuations. It should also be
noted that no further treatment options existed for patients
who had been treated with an interferon-f before GA, who
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constituted the majority of patients stopping GA, and for
whom natalizumab was not available. It is possible that
the imminent arrival of oral therapies encouraged patients
to stop GA and await an oral treatment. Fingolimod was
the only oral treatment introduced onto the French market
during the course of the study (in 2011) as a second-line
therapy for patients whose disease remains highly active
in spite of adequate treatment with a first-line DMT. None-
theless, between 2010 and 2014, after the introduction of
oral DMTs, around one-third of patients in the national
OFSEP patient registry for MS were not prescribed any
DMT [15]. A high proportion of untreated patients who
discontinue GA or interferon-f without another DMT
being introduced has also been reported in a large Cana-
dian cohort [4]. In general, clinical outcomes were worse
in patients who discontinued GA than in those taking GA
continuously, although it is not possible to determine the
direction of any causality.

A number of variables were identified as being associ-
ated with a higher probability of treatment discontinuation.
These include greater disability (EDSS score) at inclusion,
more exacerbations prior to inclusion, younger age at inclu-
sion and not in employment (not working due to MS or
being a housewife). Younger age and disability have also
been observed to be associated with a greater risk of dis-
continuation in the Canadian [4] and Catalan [19] prospec-
tive cohorts, as well as, for age, in retrospective studies of
prescription claims databases [20, 21]. With respect to the
association with pre-treatment disease activity, this may be
explained by the poorer prognosis of patients with more
active or advanced disease [22], leading to a higher prob-
ability of discontinuation for poor treatment response. For
the association with age, it has been suggested by others that
treatment failure may be easier to detect in younger patients
[4].

Variables independently associated with clinical response
were previous exacerbation history (patients with more exac-
erbations prior to inclusion had a less favourable prognosis)
and educational level. The finding that patients with more
active disease prior to inclusion respond less well to DMTs
has been observed in a number of other cohorts of patients
treated with interferon-p [22—-24]. The relationship between
response and educational level is more surprising, and we
can only hypothesise that lower education levels may be
associated with poor adherence to therapy, which in turn, is
associated with a lower probability of response.

In conclusion, this study demonstrated that clinical out-
come in MS patients treated with GA in everyday clinical
care in France was close to that previously demonstrated in
interventional clinical trials. Around one-third of patients
took GA continuously for 5 years and in general had a
favourable outcome. Many patients discontinuing GA did
not receive any alternative treatment. This suggests that

more specific practice guidelines are needed to guide deci-
sions about discontinuing and switching DMTs; this would
be particularly timely given the availability of oral treat-
ments in France and the consequent increase in treatment
choice.
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