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Abstract

Background Teriflunomide (TRF) and Dimethyl fumarate (DMF) are licensed drugs for relapsing-remitting Multiple Scle-
rosis (RRMS).

Objectives We aimed to compare the rate and the time to discontinuation among persons with RRMS (pwRRMS), newly
treated with TRF and DMF.

Materials and methods A retrospective study on prospectively collected data was performed in nine tertiary MS centers,
in Italy. The 24-month discontinuation rate in the two cohorts was the primary study outcome. We also assessed the time to
discontinuation and reasons of therapy withdrawn. Discontinuation of TRF and DMF was defined as a gap of treatment > 60
days.

Results A cohort of 903 pwRRMS (316 on TRF and 587 on DMF) was analyzed. During 24 months of follow-up, pwRRMS
on TRF and DMF showed similar discontinuation rates. The analysis of predictors with Cox regression model showed differ-
ences between the two groups (p for log-rank test=0.007); male gender [HR 2.21 (1.00-4.90); p =0.01] and the number of
previous switches [HR 1.47 (1.16-1.86); p=0.01] were associated with higher hazard of discontinuation in the DMF group.
Conclusions In a real-world setting, pwRRMS on TRF and DMF had similar discontinuation rates over 24 months. Male
pwRRMS on DMF with a previous history of therapeutic failure are at more risk of discontinuation therapy.
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ting forms of multiple sclerosis (RRMS) is based on the
early start of treatment with one of the licensed disease
modifying therapies (DMTs) with the possibility to switch
to another DMT in case of failure of efficacy or for raising
safety alert(s) [1, 2]. In the past decade, oral first-line agents
have been approved, broadening a new era of personalized

Department of Economics, Business and Statistics,
University of Palermo, Palermo, Italy

University of Rome “La Sapienza”-S. Andrea Hospital,
Rome, Italy

Institute Foundation “G. Giglio”, Cefalu, Italy

University “Federico II’-I Neurologic Clinic, Naples, Italy
Policlinico “P. Giaccone”, Palermo, Italy
Villa Sofia Cervello Hospital, Palermo, Italy

Azienda Ospedaliera Universitaria “G. Martino”, Messina,
Italy

Azienda Ospedaliera Universitaria “Mater Domini”,
Catanzaro, Italy

Azienda Sanitaria Provinciale U. O. di Neurologia, Cosenza,
Italy

Institute Foundation “G. Giglio “, Cefalu, Italy

therapy [3, 4]. For medications to be most effective, patients
must take them as prescribed by their neurologists and for
the prescribed duration of treatment (that is to be persistent
on therapy). Real-world studies have shown that not taking
DMTs as prescribed can lead to greater risk for negative
clinical and economic outcomes [5].

Studies comparing the discontinuation rates and time to
discontinuation among oral drugs in RRMS are increasing
[6-11], and a recent Italian study tracked and evaluated the
post-market DMF profile in real-world setting [12].

@ Springer


http://orcid.org/0000-0002-6923-0846
http://crossmark.crossref.org/dialog/?doi=10.1007/s00415-018-9144-9&domain=pdf

412

Journal of Neurology (2019) 266:411-416

We compared the discontinuation rates in two large
groups of persons with RRMS (pwRRMS) treated with TRF
and DMF, using a large Italian multicentre cohort. Moreo-
ver, we described the time to discontinuation and the reasons
of DMTs withdrawn.

Moreover, we assessed the baseline factors that could
predict the treatment discontinuation.

Methods

The inclusion criteria were: (1) age > 18; (2) a diagnosis of
RRMS per 2010 McDonald criteria [13]; (3) beginning of
the study therapies (TRF and DMF) in the index window
(January 1, 2015-March 1, 2016); (4) to be not enrolled in
randomized clinical trials.

The demographic, clinical, and brain magnetic resonance
imaging (MRI) data were recorded retrospectively (up to 12
months) before the start of treatment with TRF or DMF (the
index date) and prospectively (up to 24 months or until the
last available visit of follow-up) from the index date.

The enrolled pwRRMS population is the same as
described in a previous paper, which was performed with a
propensity score matched population of 234 pwRRMS for
each cohort [14].

The index drugs were prescribed at the following dos-
ages: TRF at 14 mg daily; DMF 120 mg daily for 7 days
followed by 240 mg twice daily.

The data entry portal was iMED© software and we fol-
lowed a rigorous quality assurance procedure with a double-
entered data system, which is defined as the definitive gold
standard of clinical practice for data from collected paper
forms. The research has been conducted according to the
World Medical Association Declaration of Helsinki. The
manuscript is conformed to ICMJE Recommendations for
the Conduct, Reporting, Editing, and Publication of Schol-
arly Work in Medical Journals. Written informed consents
were collected from all enrolled patients. This study was
approved by the Policlinico-Vittorio Emanuele (Catania,
Italy) Ethics Committee (no. 177/2017/PO).

No financial support for design, data collection, analysis,
interpretation, or writing was received.

Outcomes

The 24-month discontinuation rate was the primary study
outcome. We also assessed the time to discontinuation and
the reasons of therapy withdrawn. Moreover, we explored
the baseline demographic, clinical and radiological factors
associated with therapy discontinuation.

Discontinuation of TRF or DMF was defined as a gap of
treatment > 60 days.
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Time to discontinuation (in months) was measured as
time between the index date and the end of supply of the
TRF or DMF prescriptions dispensed.

Adverse events (AEs) were collected, according to the
European Medical Agencies (EMA) definitions [15].

Statistical analysis

Univariate comparisons were made through the ANOVA,
Kruskal-Wallis or Chi-squared test. Persistence at 12 and
24 months was compared using a y test. The Kaplan-Meier
survival curves analysis and log-rank test were used to ana-
lyze the time to drug discontinuation. In our sensitivity
analyses, we changed the permissible treatment gap period
to 30 and 180 days.

A Cox proportional hazards model adjusting for differ-
ences among the treatment cohorts was used to assess the
risk of discontinuation. Covariates in the analyses included
gender, EDSS score during baseline period (in the year pre-
vious index date; median), previous MRI activity (in the
year previous index date; number of new T2 or gadolin-
ium lesions), MS relapse during the baseline period (in the
year previous index date; total number), previous oral and
injectable/infused DMT use (yes/no), and previous DMT
switches (total number of switches before index date). Given
the potential for correlation among the two-time varying
covariates age and disease duration, we included in the
linear predictor a new variable called conditional duration
age (CDA) defined as the raw residuals of the linear model
between Y=disease duration and X=age. CDA coefficient
represents the mean of the pwRRMS’ distances between
observed durations and the duration mean predicted by tak-
ing into account patients’ ages.

Results were considered significant for p values <0.05
(two sided). SPSS version 21 was used (IBM SPSS Statistics
21, IBM, Armonk, NY, USA).

Results

From a total sample of 6480 pwRRMS from nine Italian
MS centers, 903 were considered eligible for analyses. Of
those, 316 pwRRMS were on TRF and 587 on DMF and met
the inclusion criteria to be included in the analyses (Fig. 1).

Table 1 shows the pwRRMS characteristics at baseline.
PwRRMS on TRF were older, with a longer disease dura-
tion, higher median EDSS score (p <0.05; for all). Moreo-
ver, a higher number of pwRRMS on TRF was naive to treat-
ment than pwRRMS on DMF (p <0.05).

Using a treatment gap of 60 days, we identified a total of
81 pwRRMS (8.9%) who discontinued their treatment within
the entire follow-up period.
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Fig. 1 Flow chart of the study.
DMF dimethyl fumarate, pwR-
RMS patients with relapsing
remitting multiple sclerosis,
TRF teriflunomide

Table 1 Baseline characteristics
of the two groups

Out of them, 26 pwRRMS (16 within 12 months, and
10 within 24 months) were in TRF group and 55 pwRRMS
(30 within 12 months, and 25 within 24 months) were in

DMF group.

9

ENROLLED CENTERS

(6,480 pwRRMS)

Enrollment }

Assessed for eligibility

(4,560 pwRRMS)

Included (n=903)

Excluded (3,657 pwRRMS)
-Not adequate follow up (1,612)
-Lost to follow up (1,451)

-Refuse to partecipate (594)

TRF (n=316) DMF (n= 587)

TRF DMF p value
Variable 316 587
Age 46.3+10.3 38.6+10.9 <0.001
Gender
Female, n (%) 199 (64) 416 (71) <0.05*
Male, n (%) 117 (36) 171 (29)
Disease duration (months) 115.2+86.4 103.2+82.8 <0.05
Follow up duration (months) 13.3+5.9 13.8+6 ns
Relapses 1 year before switch 0.6+0.7 0.7+0.8 ns
EDSS 1 year before switch, median (IQR) 2.0 (1.5-3.5) 1.5 (1.0-3.0) <0.001
MRI Gd +1 year before switch 04+1.2 0.5+1.0 ns
Naive to treatment, number (%) 70 (22.2) 168 (28.6) <0.05%
Switchers, number (%) 246 (77.8) 419 (71.4) <0.05*
Tolerability 162 (65.8) 294 (70.2) ns
Lack of efficacy 84 (34.2) 125 (29.8)
Number of switches pre-treatment 14+1.2 1.5+1.2 ns

Results are expressed as mean +sd when otherwise specified

DMF dimethyl fumarate, EDSS Expanded Disability Status Scale, Gd+ gadolinium, MRI magnetic reso-

nance imaging, TRF =teriflunomide
*Via the Chi square test

The most frequent reason of discontinuation was a lack of
effectiveness (in terms of experiencing a new clinical relapse
or a new enhancing lesion at brain MRI) in 61 pwRRMS

(19 on TRF and 42 on DMF with a mean time of 10.5+5
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and 13.3+3.5, not statistically significant). AEs lead to dis-
continuation in 20 pwRRMS (7 on TRF and 13 on DMF,
with a mean time of 11.9+ 5 and 12.6 +4.2, not statistically
significant). The most frequent AEs were gastrointestinal
disturbances in both cohorts.

Kaplan—Meier estimates for the time to treatment dis-
continuation according to the DMTs are shown in Fig. 2;
no differences exist between the two groups (p for log-rank
test=0.906).

The analysis of predictors with Cox regression model
showed differences between the two groups (p for log-
rank test=0.007); in detail the male gender [HR 2.21
(1.00-4.90); p=0.01] and the number of previous switches
[HR 1.47 (1.16-1.86); p=0.01] was associated with higher
hazard of discontinuation in the DMF group (Fig. 3).
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Discussion

In our study, TRF and DMF showed similar discontinua-
tion rates during the observation period. For every cohort,
about 9% of pwRRMS withdrew the therapy. Such val-
ues are lower than those reported in the registrative trials
[16-19]. Male gender and previous number of switches
were the strongest predictors of therapy discontinuation in
DMF group. To the best of our knowledge, this is the first
study comparing the discontinuation rates between TRF
and DMF in an Italian MS setting at 12 and 24 months.

A recent Italian retrospective study, which compared the
12-month discontinuation rates in pwRRMS on oral DMTs
(fingolimod, TRF and DMF), found a lower discontinuation
rate in people on fingolimod, when compared to DMF and
TRF [7]. For those starting DMF, the 12-month discontinu-
ation rate was 21.9% (out of 114 pwRRMS); for those on
TRF was 23.6% (out of 64 pwRRMS). In another geography
(US), a retrospective database study (based only on admin-
istrative claims data) compared the 12-month discontinua-
tion rates among pwRRMS who initiated the oral DMTs.
Regarding TRF and DMF, the authors found no differences
of values (49.7% vs 55.9%, respectively) [6]. A recent Italian
multicentre study reported a discontinuation rate of about
20% out of 70 patients treated with DMF at 24 months [14].

We found lower values than reported in the literature so
far, and that could be linked to several factors. First, dif-
ferences in the prevention and management of AEs among
MS centers could help to explain such discrepancy [20].
For instance, some MS specialists suggest food-based
management strategies (high fat, high protein, low starch,
etc.) to reduce the impact of gastro-enteric AEs with DMF
therapy [21]. Obviously, a lower discontinuation rate than
expected could be related to an underestimation of AEs or
an error in the collection of any AE [22].

Interestingly, we found that male gender (unmodifiable
factor) and the previous number of switches (modifiable
factor) were the strongest predictors of therapy discontinu-
ation for patients on DMF.

Such data deserve attention and further studies are needed
to better clarify the factors associated with risk of discon-
tinuation of DMTs for pwRRMS in a real word setting.

In the clinical practice, pwRRMS with a history of
therapeutic switches have experienced therapeutic failures
and/or AEs. Such background could be due to the great
subject variability in MS disease course and we might
speculate that could be something similar to an individual
predisposition to keep such status. About the gender, we
could speculate a different profile of persistence to therapy
(e.g. phycological reaction to the MS diagnosis, to the start
of therapy, etc.); we need more real-life studies that should
be designed to explore such patients reported outcomes.

Some limits of our study deserve attention. The non-
randomized design did not weigh the selection bias, as the
medical decision to assign a pwRRMS to a specific drug
rather than another. Nor did the other potential differences in
baseline pwRRMS characteristics unless normally included
in multivariate analysis.

More randomized long-term studies are needed to con-
firm our findings.
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