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ABSTRACT

Introduction: Multiple sclerosis (MS) is a highly
heterogeneous inflammatory disease of the
central nervous system. Patient-reported out-
comes (PROs) in a real-world clinical setting can
provide detailed information about MS from
the patient’s perspective. PROs were used here

to assess quality of life (QoL), treatment satis-
faction, clinical efficacy, and safety outcomes in
a Greek cohort of relapsing remitting MS
(RRMS) patients treated with oral teriflunomide
(14 mg/day).
Methods: AURELIO was a 2-year, prospective,
observational studywhoseQoLprimary endpoint
was assessed with the Multiple Sclerosis Impact
Scale (MSIS-29). Secondary endpoints included
analyses of Patient Determined Disease Steps
(PDDS), Treatment Satisfaction Questionnaire for
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Balatonfüred, Hungary

I. Nikolaidis � N. Grigoriadis (&)
2nd Neurology Department, AHEPA Hospital,
Aristotle University of Thessaloniki, Thessaloniki,
Greece
e-mail: ngrigoriadis@auth.gr

D. Tzanetakos � C. Kilidireas � D. D. Mitsikostas
1st Neurology Department, Aeginition Hospital,
Medical School, National and Kapodistrian
University of Athens, Athens, Greece

G. Deretzi � E. Koutlas
Neurology Clinic, Papageorgiou Hospital,
Thessaloniki, Greece

Neurol Ther (2022) 11:1375–1390

https://doi.org/10.1007/s40120-022-00384-2

https://doi.org/10.1007/s40120-022-00384-2
https://doi.org/10.1007/s40120-022-00384-2
https://doi.org/10.1007/s40120-022-00384-2
https://doi.org/10.1007/s40120-022-00384-2
http://crossmark.crossref.org/dialog/?doi=10.1007/s40120-022-00384-2&amp;domain=pdf
https://doi.org/10.1007/s40120-022-00384-2


Medication (TSQM), Expanded Disability Status
Scale (EDSS), annualized relapse rate (ARR),
adherence, and safety outcomes.
Results: AURELIO enrolled 282 patients (62.8%
female; mean age 44.8 [SD ± 11] years; EDSS 2.0
[SD ± 1.6]; 44.6% treatment-naı̈ve), with 212
patients (75%) remaining on treatment at study
end. MSIS-29 total scores remained stable, while
theMSIS-29psychological scale showedsignificant
improvement (p = 0.0015) at 2 years vs. baseline.
TSQM scores at 2 years showed significant
improvements in effectiveness (? 6.6, p = 0.0001),
convenience (? 1.9, p = 0.0256), and global satis-
faction (? 8.1, p = 0.0001) vs. baseline. Disease
progression was stable as indicated by non-signifi-
cant changes in PDDS and EDSS vs. baseline. The
ARRwas lowat 0.065,with a slightly higher ARR in
previously treated (0.070) vs. naı̈ve patients
(0.058). Adherencewas high at[90%.Overall, 91
patients (32.3%) in the study reporteda totalof215
safety events (32 serious, of which 21 were classi-
fied asmild–moderate). Nonew safety signalswere
observed.
Conclusions: These data highlight the impor-
tanceof PROs to facilitatepersonalized treatment
strategies inMS. In line with other teriflunomide
studies, AURELIO showed stable QoL, efficacy
and safety outcomes, and good treatment satis-
faction both in treatment-naı̈ve and previously
treated patients in this Greek cohort of patients
with RRMS.

Keywords: Convenience; Efficacy; Multiple
sclerosis; Quality of life; Teriflunomide;
Treatment satisfaction

Key Summary Points

Patient-reported outcomes (PROs) in a real-
world setting provide a means for patients
with relapsing–remittingmultiple sclerosis
(RRMS) to share important information
about their disease status, quality of life
(QoL), drug efficacy, and treatment
satisfaction.

AURELIO was a 2-year study that assessed
PROs in a Greek cohort of more than 280
patients with RRMS treated with once-
daily oral teriflunomide.

Overall, QoL, and disability scores
remained stable over the course of the
study, while improved treatment
satisfaction and efficacy outcomes versus
baseline were observed.

Positive benefits of teriflunomide have now
been reported in numerous real-world
studies, with the AURELIO data
highlighting the importance of PROs to
facilitate personalized treatment strategies
in MS.

INTRODUCTION

Multiple sclerosis (MS) is an autoimmune-me-
diated chronic, demyelinating disease of the
central nervous system (CNS) that affects
approximately 2.8 million people worldwide
[1]. The severity of disease activity, the location
of affected regions in the CNS, and the extent of
neurological reserve mean that MS affects peo-
ple differently, with symptoms ranging from
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minor to severe and from physical to cognitive
in nature [2]. The clinical course of relaps-
ing–remitting MS (RRMS) is typically charac-
terized by initial episodes of transient
neurological compromise with full recovery,
followed by a phase of cumulative physical
disability that may increase with each new
relapse [2, 3]. Most relapsing patients eventually
develop secondary progressive MS (SPMS),
which is characterized by chronic sequelae
including profound muscle weakness, impaired
gait and mobility, bladder and bowel dysfunc-
tion, and cognitive and visual impairments
[2, 4, 5]. MS also encompasses neuropsychiatric
symptoms that can manifest in the form of
heightened anxiety, depression, cognitive
impairment, irritability, and anger [6]. Taken
together, it is evident that as the disease pro-
gresses, the potential exists for personal auton-
omy, independence, dignity, social interaction,
and planning for the future to be severely
compromised [4], thus impacting overall qual-
ity of life (QoL) [7–9].

Many of the current first-line disease-modi-
fying therapies (DMTs) for RRMS consist of
injectables, in which DMTs are administered
subcutaneously or intramuscularly with pre-fil-
led syringes or pens. Teriflunomide (AUBA-
GIO�; A771726, ATC-Code: L04AA31) is a once-
daily oral treatment indicated for patients with
RRMS, offering a more convenient mode of
administration and avoiding adverse injection
site reactions. It selectively and reversibly inhi-
bits dihydro-orotate dehydrogenase (DHODH),
a key mitochondrial enzyme for the de novo
pyrimidine synthesis, which is required by
rapidly dividing lymphocytes [10]. Terifluno-
mide has shown significant efficacy across key
measures of MS disease, including reducing the
number of relapses, slowing the progression of
physical disability and brain volume loss, and
reducing the number of brain lesions detected
by magnetic resonance imaging (MRI) [11–15].

QoL measures based on patient-reported
outcomes (PROs) are commonly assessed as
secondary/tertiary endpoints in randomized
control trials (RCTs). PROs can also provide
highly relevant information about MS from the
patient’s perspective in a real-life clinical setting
where the broader MS patient population no

longer conforms to strict age, baseline disease
activity, and comorbidity restrictions seen in
the realm of RCTs [16]. To this end, both the
European Medicines Agency (EMA) and the US
Food & Drug Administration (FDA) promote the
collection of real-world data to answer ques-
tions that cannot be addressed in RCTs, and/or
to provide ongoing benefit–risk analyses of
approved drugs throughout the product lifecy-
cle [17, 18]. PRO-based QoL measurements in
the real world provide the means for patients to
share important information about their disease
status, medication use, adherence and/or per-
sistence, and are considered increasingly
important for healthcare professionals with
regard to making treatment decisions, evaluat-
ing outcomes, anticipating disease progression,
and providing comprehensive care to patients
with MS. These measures also provide impor-
tant socioeconomic data beyond the bene-
fit–risk analysis and price of the drug, and are
being requested more frequently by healthcare
authorities, clinicians, and payers.

In addition to the ongoing clinical develop-
ment program and long-term extension studies,
real-world QoL outcomes with teriflunomide
are currently being assessed in many countries
around the world [19]. Indeed, positive findings
showing stable or improved QoL, cognition,
fatigue and treatment satisfaction outcomes
have been reported from North America and
rest-of-world (Teri-PRO) [20], France (Teri-FAST)
[21], the Nordic region (Teri-LIFE) [22], Hungary
(Teri-REAL) [23], and Germany (TAURUS) [24].
We report here results of the AURELIO study in
Greece, situated on the Eastern Mediterranean
Sea and with a population of about 10.5 million
people. Greece has an MS prevalence of 197.8
persons per 100,000 population, with just over
73% of patients having received at least one
DMT [25]. According to the guidelines of Hel-
lenic Academy of Neuroimmunology (HELANI),
patients without risk factors for poor prognosis
and/or without high disease activity (in terms of
numbers and severity of relapses and MRI active
lesions or increased load) should be treated with
first-line DMTs such as interferons, glatiramer
acetate, teriflunomide, or dimethyl fumarate.
Switching between first-line treatments can be
done for reasons such as poor tolerance, adverse
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events, poor adherence to treatment, etc., while
escalation to more potent drugs is recom-
mended in the event of a lack of efficacy. To this
end, AURELIO was undertaken to assess QoL,
treatment satisfaction, efficacy, adherence, and
safety outcomes in a cohort of more than 280
patients with RRMS recruited from Greek MS
centers and treated with oral teriflunomide
(14 mg/day) in a real-world setting.

METHODS

Study Design

AURELIO was a 2-year, multi-center, observa-
tional, prospective study, in which patients with
RRMSwere recruited from26hospitals inGreece.
Patients who had been prescribed oral terifluno-
mide (14 mg/day) by treating physicians in
accordance with local prescribing regulations
were eligible for enrolment in this study, which
took place from July 14, 2016 (first patient in)
until March 9, 2020 (last patient out). Enrolled
patients were required to make seven visits
(V) over the course of the study: baseline (BL;V1),
on day 1 of treatment (V2), and then after 1 (V3),
6 (V4), 12 (V5), 18 (V6), and 24 months (V7) of
teriflunomide treatment.

As a real-world study, no medication was for-
bidden in AURELIO except for leflunomide (the
parent drug/precursor of teriflunomide). In addi-
tion, teriflunomide had to be the primary therapy
for RRMS, and not used an add-on therapy.

The study was conducted in accordance with
the guidelines for Good Epidemiology Practice
(2007) [26], and complied with local regula-
tions, including local data protection regula-
tions, individual hospital scientific committee
approval, and the ethical principles of the
Declaration of Helsinki (1964 and subsequent
amendments). With respect to local regulations,
no national ethics committee approval was
required. However, in compliance with Greece’s
National Medicines Organization (EOF) circular
(EOF 82798/22-11-2012), scientific board
approval from each study site was obtained and
filed with the sponsor. AURELIO was registered
as a non-interventional study in a local clinical
trial registry, DHLON, which is supported by

The Hellenic Association of Pharmaceutical
Companies (SFEE), a local branch of the Euro-
pean Federation of Pharmaceutical Industries
and Associations (EFPIA).

Patients

Patients were eligible for enrolment in AUR-
ELIO if they were C 18 years and had been
diagnosed with RRMS by a treating neurologist.
As the study was real life and non-interven-
tional, both 2010 and 2017 McDonald criteria
[27, 28] could be used by physicians to establish
a diagnosis at the time of recruitment. The
decision to prescribe teriflunomide was in
accordance with the recommendations outlined
in the drug’s summary of product characteris-
tics (AUBAGIO�, Summary of Product Charac-
teristics) [10] and was made independently of
and before entry of the patient into the study.
All patients provided written informed consent
and were willing and able to participate in the
study and complete the study’s questionnaires.

Endpoints

The primary efficacy analysis for this study was
the difference in QoL between BL and
24 months for the full patient cohort as mea-
sured by the Multiple Sclerosis Impact Scale
(MSIS-29 v2.1) according to Hobart et al. [29]. A
validated Greek translation of the test was used
[30]. Data were analyzed descriptively using
mean, median, standard deviation, quartiles,
and extreme values.

Secondary efficacy analyses for the full
patient cohort were the individual physical and
psychological parts of the MSIS-29 test, and
differences between BL and 24 months for the
four components of the TSQM scale (efficacy,
side effects, convenience, and global satisfac-
tion), which were assessed according to Atkin-
son et al. [31]. Differences between BL and 12-
and 24-month values for the Expanded Dis-
ability Status Scale (EDSS) score [32], the Patient
Determined Disease Steps (PDDS), and Perfor-
mance Scales (PS) [33–35] tests were also asses-
sed. Greek translations of tests were used.
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The annualized relapse rate (ARR) was cal-
culated for the 24-month period. MRI scans
were not performed routinely as part of the
study, but if data were made available by par-
ticipating investigators, then these were sum-
marized for each visit. MRI results were
characterized as ‘‘stable’’ at the discretion of the
patient’s neurologist when no new lesions (T2,
T1 or gadolinium-enhancing), no enlargement
of pre-existing lesions (no change in size) and
no increase in the total number of lesions were
observed compared to baseline measures.

Adherence to teriflunomide was calculated at
each visit according to Osterberg and Blaschke
[36], where a patient was considered ‘adherent’
to teriflunomide if the number of tablets taken
over a period of time was[80% of the number
of tablets prescribed by the physician to the
patient in that time.

Safety and Tolerability Analysis

Adverse events (AEs) were analyzed in a
descriptive manner, with the frequency and
percentage of patients experiencing AEs, serious
AEs (SAEs) and AEs of special interest (AESIs)
during the 24 months of the study summarized
by grade/intensity, relationship to terifluno-
mide, outcome, and action taken.

Data Collection

Data were collected via electronic clinical record
files and by hard copies of patient question-
naires completed at each study visit. BL
screening included MS disease history, and prior
and concomitant medications (including those
for MS).

Data collected at each visit (V1–V7) are
summarized in Supplementary Table 1 (Sup-
plemental Material). In addition to BL, the EDSS
was repeated at 6, 12, 18, and 24 months, while
MSIS-29 and PDDS measurements repeated at
the 12- and 24-month study visits. TSQM data
were obtained at BL for those patients switching
from another DMT, and then at months 1, 12,
and 24 for patients who remained in the study.
BL values of the TSQM and its subscales were
taken from the visit at month 1 for treatment-

naı̈ve patients and then months 12 and 24. MRI
data, if available and performed as part of local
standard of care, were collected at BL, and at
any visit where available from 6 months
onwards to assess disease progression. In addi-
tion, at each study visit, adherence to teri-
flunomide was assessed, as was clinical relapse,
any adverse event, and any change in con-
comitant medications.

Subgroup Analysis of Patients Switching
from Injectable DMTs

An additional aim of the AURELIO study was to
perform a sub-group analysis to check for dif-
ferences in QoL, treatment satisfaction and
efficacy outcomes in patients switching from
other injectable DMTs, which were defined as
glatiramer acetate and all forms of interferon
beta. Results will be shown for evaluations made
at BL and 24 months after commencing teri-
flunomide treatment.

Additional Analyses

Further analyses were performed to assess the
effect of several BL characteristics on MSIS-29
score across the entire cohort (years since MS
diagnosis, presence of co-morbidities, EDSS
score at BL, age\ 55 years or[ 55 years, co-
medications). The effect of these characteristics
was also evaluated relative to MRI results, TSQM
subgroups, and EDSS score.

Statistical Methods

Sample Size and Power
There was no formal sample size determination
for this study, but calculations based on Hobart
et al. [29], assuming a correlation of 0.5 between
the BL values of the physical/psychological
component of the MSIS-29 and the post-BL
values, suggested that 350 subjects would pro-
vide a 95% confidence interval for the mean
change from BL in MSIS-29, which has a range
of not more than 7 points. Nevertheless, given
that this was a real-life observational study
without comparator, a sample size determina-
tion of this nature is only informative. In light

Neurol Ther (2022) 11:1375–1390 1379



of the study by Bakirtzis et al. [25], as the
prevalence of MS in Greece was found to be
similar to those of other European countries,
the sample population of 282 patients with
RRMS in AURELIO should be considered repre-
sentative of the Greek MS population.

Populations
The safety analysis set population (SASP) for this
study comprised all subjects from the All Sub-
jects Consented Population (ASCP) who con-
sented to participate in the study, fulfilled the
inclusion criteria and who received at least one
dose of teriflunomide, The Full Analysis Set
Population (FASP) included all patents in the
SASP population who had a BL efficacy evalua-
tion and at least one post-BL assessment of any
efficacy measurement during follow-up.

Methodology
The Kolmogorov–Smirnov test was used to
assess the MSIS-29 data to find any deviation
from normality. The non-parametric Wilcoxon
signed-rank test was then used to compare BL
and 12- and 24-month visit values. The same
test was applied to data from the separate parts
of the MSIS-29 test (physical and psychologi-
cal), the TSQM scales, EDSS, PDDS, and PS
scores.

The number and frequency of adherent
patients were calculated by visit, including the
95% confidence intervals (CI) of frequency. ARR
was calculated with its 95% Wald confidence
interval [37] for all patients. MRI data were
summarized at each visit by giving the number
and frequency of cases with their 95% confi-
dence intervals.

The effect of some BL characteristics (years
from diagnosis [0–3, 3–6,[6], presence of co-
morbidities, EDSS score at BL [\ 3, 3–4, 5 or[ 4,
5], age [\55 versus[ 55 years], co-medications
versus no co-medications, type of prior MS
treatment [oral or injectable]) on the change in
MSIS total score was also investigated. The
Mann–Whitney–Wilcoxon test was used to
compare two subgroups, and the Kruskal–Wallis
ANOVA was used to compare three different
subgroups.

RESULTS

Patient Demographics

AURELIO enrolled 282 patients with RRMS
(SASP) as per the flow diagram of study popu-
lations presented in Fig. 1. Baseline patient
characteristics summarized in Table 1 show that
62.8% of patients were female and 44.6% of
patients were treatment-naı̈ve. The mean age of
study participants was 44.8 (SD ± 11) years, and
the mean BL EDSS score was 2.0 (SD ± 1.6). The
most frequent concomitant medications pre-
scribed for the study population were cholecal-
ciferol (29 patients, 10.3%),
methylprednisolone (31, 11%), levothyroxine
sodium (24, 8.5%) and famipiridine (14, 5%),
while the most common disorders (apart from
RRMS) reported in patients’ medical histories at
study entry were depression (14.2%) and dys-
lipidemia (5.3%).

Patient Disposition

Two hundred and twelve of the 282 enrolled
patients (75.2%) completed the study, indicat-
ing good persistence over 2 years. Eleven
patients (3.9%) discontinued due to efficacy
(investigator’s decision) and 18 (6.4%) did not
complete the study because of an AE (see
below). Forty-one patients (14.5%) withdrew
from the study for ‘other’ reasons or were lost to
follow-up. In the case of 15 of these patients
(5.3%), the investigator moved to another site
and therefore the study data could not be
completed; for a further five patients (1.8%)
there was no response from the investigator. No
pregnancies were reported during the study.
One patient (0.4%) died during the study, but
this event was deemed to be unrelated to teri-
flunomide treatment.

Primary Outcome: Quality of Life

The mean MSIS-29 total score improved slightly
both at 12 and 24 months from the BL value of
48.3 ± 16.7 (mean ± SD), though the changes
did not reach statistical significance (Fig. 2). In
this way, the MSIS-29 total score improved by
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- 0.8 ± 11.3 after 12 months (p = 0.0836) and
by - 0.8 ± 12.5 (p = 0.0614) after 24 months of
teriflunomide treatment, thus showing that
QoL remained stable during this period.

When the two parts of the MSIS-29 were
examined separately, the psychological scale
showed significant improvements over 2 years
versus BL (change at 12 months: - 2.5 ± 18.9,
p\0.01; at 24 months: - 3.4 ± 19.7, p\0.01),
while the physical scale remained stable (Fig. 2).

TSQM

Results for the TSQM at 24 months showed
significant improvements in convenience
(? 1.9, p = 0.0256), effectiveness (? 6.6,
p = 0.0001) and global satisfaction (? 8.1,
p = 0.0001), and a non-significant improvement
in side effects (? 1.1), with similar improve-
ments and statistically significant outcomes
also identified at the interim 12-month time-
point (Fig. 3).

Efficacy Outcomes

Stability in disease progression was indicated by
non-significant changes in EDSS, PDDS, and PS
assessments versus BL readings at 12 and
24 months in all cases. Mean (± SD) EDSS scores
were 2.0 (± 1.6) at BL compared to 2.0 (± 1.7) at
12 months (p = 0.577) and 2.0 (± 1.8) at
24 months (p = 0.7382). Likewise, the mean
PDDS score at BL was 1.2 ± 1.6 compared to
1.1 ± 1.5 at the 12-month visit (p = 0.1937),
and 1.2 ± 1.5 at the 24-month visit
(p = 0.7316). In a similar manner, the mean PS
sum of scores at 12 months (9.7 ± 8.7) and
24 months (9.9 ± 8.3) were not statistically
significantly different from BL (10.2 ± 9.0;
p = 0.4295 and 0.6643, respectively).

The ARR following treatment with teri-
flunomide was very low at 0.065 [95% CI
0.035–0.095]. Overall, 32 relapses were reported
in 26 patients, while 256 patients ([90%) did
not suffer any relapses at all over the 24 months
of the study period. Further evidence of disease
stability over the 24 months of the study was

Fig. 1 Flow diagram of patients enrolled in the AURELIO study. ASCP all subjects consented population, FASP full
analysis set population, SASP safety FASP analysis set population

Neurol Ther (2022) 11:1375–1390 1381



provided by MRI data, where stable scans were
available from 77 of 84 patients with RRMS
(91.7%) with MRI scan data after 2 years of once
daily oral teriflunomide treatment. Overall, 155
patients (55.8%) achieved NEDA-3 (no evidence
of disease activity), defined as no relapse during
the study, stable MRI and stable EDSS.

Adherence to teriflunomide was excellent
and sustained throughout the 2-year study,
with mean adherence above 97.6% for each
study visit. That is to say, of all the study visits,
no fewer than 97.6% of patients took at least

Table 1 Patient demographics and baseline PRO scores

Parametera Baseline
score

Number

Age, mean (SD), range, years 44.8 (11),

18–72

282b

Females, n (%) 177 (62.8) 282b

Time since MS diagnosis

Mean years (SD)

6.87 (7.13) 278c

Treatment naı̈ve (n, %) 126 (44.6) 282

Number of relapses in past 2 years 0.74 (0.82) 278c

EDSS score, mean (SD) 2 (1.6) 278c

PDDS score, mean (SD) 1.2 (1.6) 271c

Baseline QoL score (MSIS-29) 48.3 (16.7) 275c

Baseline QoL score (MSIS-29),

psychological score

25 (22.4) 275c

Baseline QoL score (MSIS-29),

physical score

20.9 (20.5) 275c

TSQM effectiveness 66.1 (15.9) 273c

TSQM side effects 94.7 (14.8) 272c

TSQM convenience 85.2 (14.3) 272c

TSQM global satisfaction 63.6 (16.8) 270c

EDSS Expanded Disability Status Scale, MSIS Multiple
Sclerosis Impact Scale, PDDS Patient Determined Disease
Steps, QoL quality of life, SD standard deviation, TSQM
Treatment Satisfaction Questionnaire for Medication
aMean (SD), unless otherwise stated
bSafety analysis set population (SASP)
cFull analysis set population (FASP)

Fig. 2 MSIS-29 outcomes at 12 and 24 months versus
baseline. Wilcoxon signed-rank test; **p\ 0.01 versus
baseline

Fig. 3 TSQM outcomes in whole patient cohort at 12
and 24 months versus baseline. Wilcoxon signed-rank test;
#p = 0.02, ??p\ 0.001 and &p\ 0.0001 versus baseline
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80% of the teriflunomide tablets prescribed to
them by their neurologist.

Safety

The mean number of days of exposure to teri-
flunomide was 647 days (SD 203 days). In the
282 patients comprising the SASP who received
at least one dose of teriflunomide, 91 (32.3%)
reported 215 adverse events. The most fre-
quently reported were (n, %) alopecia (24,
8.5%), diarrhea (16, 5.7%), and alanine amino-
transferase (14, 5%). Adverse events occurring
in more than 1% of patients and deemed by
investigators as related to teriflunomide are lis-
ted in Table 2.

There were 32 SAEs reported in 27 patients
(9.6%), the most common being MS relapse (17
events) and diarrhea (two events). Of the serious
adverse events, six (2.1%) were considered drug-
related and therapy was interrupted. Although
not judged related to the study drug by the
investigator, there was one fatal outcome—a
35-year-old man with acute lower respiratory
tract infection and septic shock.

Twelve AESIs were reported during the study
(autoimmune hepatitis [one event], infectious
mononucleosis [one event], increase in alanine
aminotransferase level [eight events], increase

in transaminase level [one event], and hyper-
tension [one event]).

Concomitant Medications
The most frequent concomitant mediations
taken by participants in AURELIO are listed in
Supplementary Table 2 (Supplementary
Material).

Subgroup Analysis of Patients Switching
from Injectable DMTs

We were interested to describe QoL and treat-
ment satisfaction outcomes in patients who had
switched from first-line injectable DMTs (glati-
ramer acetate and all forms of interferon beta)
prior to enrolling in AURELIO given that lack of
efficacy, AEs, or convenience are common rea-
sons triggering a treatment change.

Of the 282 eligible patients enrolled in
AURELIO, 123 had been previously treated with

Table 2 Adverse events occurring in more than 1% of
patients and classified by investigators as related to
teriflunomide

Adverse event Frequency,
n (%)

Alopecia 24 (8.5)

Diarrhea 16 (5.7)

Elevated alanine aminotransferase 14 (5)

Nausea 4 (1.4)

Dizziness 4 (1.4)

Elevated gamma-glutamyltransferase 3 (1.1)

MS relapse (reported as an adverse

event)

3 (1.1)

Table 3 Baseline demographics and PRO scores for the
subgroup of patients previously treated with first-line
injectable therapies (glatiramer acetate, all forms of inter-
feron beta)

Parametera Baseline
score

Number

Age, years 46.8 (10.4) 123

Females, n (%) 77 (62.6) 123

EDSS score 2.4 (1.7) 116

Time since diagnosis, years 9.77 (6.08) 123

MSIS total score 49.3 (17.8) 122

Number of relapses in 2 years

prior to Visit 1

0.65 (0.77) 123

TSQM convenience score 84.3 (14.1) 120

TSQM effectiveness score 66.6 (15.1) 120

TSQM global satisfaction score 64.1 (15.4) 119

TSQM side effects score 92.9 (16.6) 120

EDSS Expanded Disability Status Scale, MSIS Multiple
Sclerosis Impact Scale, SD standard deviation, TSQM
Treatment Satisfaction Questionnaire for Medication
aMean (SD) unless otherwise noted
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at least one injectable DMT. Baseline charac-
teristics of this cohort are presented in Table 3.
Compared to the full AURELIO cohort (Table 1),
this subgroup on average was older, had higher
disability, longer time since diagnosis and
poorer QoL.

Ninety-four of the 123 patients (76.4%)
completed the study, indicating good persis-
tence. Reasons for discontinuation were lack of
efficacy (four patients), AEs (nine patients), and
other reasons/lost to follow-up (16 patients).
The mean MSIS-29 total score improved from
49.3 ± 17.8 (mean ± SD) at BL to 47.2 ± 16.2
at 24 months, although this trend did not reach
statistical significance (p = 0.08).

Significant improvements in TSQM scores
after 24 months versus BL were seen for all four
domains of the measure (Fig. 4): global satis-
faction and effectiveness (p\0.0001), and for
convenience and side effects (p\ 0.05).

The ARR for this subgroup was very low at
0.0644 (95% CI 0.0196–0.1093) and similar to
that seen for the full cohort (0.0649; 95% CI
0.0349–0.0948). Disability remained stable for
patients switching from injectables to teri-
flunomide, with no statistically significant
change between BL and month 24 seen with
respect to EDSS (p = 0.6066). Adherence at the
24-month visit for this subgroup was very high
at 100%.

Additional Analyses

Further analyses were performed to assess the
effect of several BL characteristics (years since
MS diagnosis, presence of co-morbidities, EDSS
score at BL, age\ 55 years or[ 55 years, co-
medications) on MSIS-29 total score, TSQM
subsections, EDSS, and MRI outcomes.

Significant differences between BL and
month 24 were seen in MSIS-29 total score val-
ues with respect to age (B 55 versus[55 years;
p = 0.0015), while for TSQM subsections, sig-
nificant differences between BL and month 24
were seen for ‘Effectiveness’ with respect to
years since diagnosis (p = 0.0455).

The ratio of stable MRI results (descriptive
data only) increased from BL to 24 months in all
age groups (B 55 years;[55 years), as well as in

patients with concomitant medications, in
patients with one or more than one co-mor-
bidity, in all EDSS categories (3 B EDSS B 4.5;
EDSS\3; EDSS[4.5); in patients diag-
nosed B 3 years and[6 years, independently
from the administration route of previous MS
treatments.

When we assessed all variables for potential
differences with respect to previously treated
versus treatment-naı̈ve patients, the only dif-
ferences observed were for the TSQM ‘Conve-
nience’ score [where the mean score at
24 months was higher in the pre-treated sub-
group (p = 0.0449)], and ARR, (where previously
treated patients had a higher mean ARR (0.0701
[95% confidence interval (CI) 0.0283–0.1119])
compared with treatment-naı̈ve patients
(0.0584 [95% CI 0.0159–0.101]).

DISCUSSION

AURELIO is the first real-world observational
study to have analyzed treatment outcomes in a
cohort of patients with RRMS prescribed teri-
flunomide in standard clinical practice in
Greece. The study adds to an expanding body of
PRO-related knowledge generated from real-
world observational and registry studies show-
ing evidence of solid efficacy and safety out-
comes with this once-daily oral medication
[20–24, 38–40].

Consistent with other real-world studies
[20–24], the patient cohort here was older, had
fewer relapses in the previous 2 years, and had
less disability at BL than patients enrolled in the
phase 3 TEMSO and TOWER clinical trials (age:
44.8 years in AURELIO versus around 38 years
in TEMSO and TOWER; Mean relapses (previous
2 years): 0.7 in AURELIO;[2 in TEMSO and
TOWER; EDSS: 2.0 ± 1.6 (mean ± SD) in AUR-
ELIO versus 2.7 ± 1.2 (TEMSO) and 2.7 ± 1.4
(TOWER) in the 14 mg teriflunomide treatment
arms) [12, 14]. This observation suggests that in
this Greek cohort teriflunomide was being pre-
scribed as a first-line treatment for patients with
low disease activity and low disability levels.

The discontinuation rate recorded in AUR-
ELIO (24.8%) over two years was in line with
that of other 2-year observational studies with
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teriflunomide such as Teri-PRO (21.4%) [20],
Teri-LIFE (41%) [22], TAURUS (21.5%) [24],
Teri-REAL (31%) [23], and Teri-FAST (34.6%)
[21]. Although not taking into account that
some patients may have left the study but
remained on treatment, these values might
partially reflect the plethora of alternative
treatment options available to patients with
RRMS should expectations concerning efficacy,
safety, adherence, tolerance, or other factors
not be fulfilled.

The primary efficacy outcome measured here
was that of QoL as determined by MSIS-29 test
scores. The mean MSIS-29 total score declined
slightly at 12 and 24 months compared to BL,
indicating a non-significant trend towards QoL
improvement with teriflunomide treatment. On
the other hand, the psychological subscale
component of the MSIS-19 did show small
though significant mean improvements
(p\ 0.01) at 12 and 24 months versus BL, while
the physical subscale component remained
stable. To the best of our knowledge, an analysis
of what constitutes a clinically meaningful
change in the psychological subscale has not

been performed; most studies using the MSIS-29
subscales concentrate on the physical compo-
nent where a change of at least 7.5 points is
considered to be clinically meaningful [41–44].
Nevertheless, the results obtained here indicate
stable QoL outcomes over 2 years in terifluno-
mide-treated patients, which is consistent with
QoL results from other real-world studies in
which PRO-based tests for QoL were reported
[20–23].

The TSQM results at 12 and 24 months
showed statistically significant improvements
in convenience, effectiveness and global satis-
faction, and non-significant improvements in
side effects. Similarly positive outcomes in the
TSQM for teriflunomide-treated patients were
reported for the real-world Teri-PRO [20, 45]
and TAURUS [24] studies. As pointed out by
Haase and colleagues [46], improved treatment
satisfaction in the PRO-based TSQM test is
associated with improved drug adherence, and
indeed in the AURELIO study we measured
exceptional treatment adherence at levels close
to 100%.

Fig. 4 TSQM outcomes at 24 months versus BL in subgroup analysis of patients previously treated with first-line
injectable DMTs. Wilcoxon signed-rank test; *p\ 0.05; **p\ 0.0001 versus baseline
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Overall, more than 90% of patients were
relapse-free over the 24 months of the study
period, meaning that teriflunomide treatment
was also associated with extremely low rates of
relapse in the AURELIO study. An ARR of 0.065
[95% CI 0.0349–0.0948] is much lower than
that reported in phase 2 and 3 clinical trials and
other real-world studies in the teriflunomide
clinical development program. However, the
result is not unprecedented given that an ARR
of 0.08 ± 0.31 (mean ± SD) was seen in the
2-year Teri-REAL study in Hungary [23]. This
may reflect the profile of patients and the clin-
ical reality of teriflunomide prescribing prac-
tices in Greece and Hungary, with both
AURELIO and Teri-REAL enrolling patients with
low relapse activity, low disability, and 45–50%
being treatment naı̈ve (this study [23]. Stability
in disease progression was also indicated by
non-significant changes in EDSS, PDDS, and PS
assessments versus BL readings at 12 and
24 months in all cases. This fits with terifluno-
mide’s favorable impact on disease progression
data (disability (EDSS), brain atrophy) seen
during the clinical trial program [12, 15, 47, 48].

Thirty-two percent of patients reported
adverse events during the treatment period,
with just under 10% of patients reporting seri-
ous AEs. The most frequent AEs were alopecia,
diarrhea, and elevated liver enzyme levels,
which is consistent with AE profiles reported in
clinical trial and RWE study program
[11, 12, 14, 15, 20–24]. No new safety signals
were seen.

In the AURELIO study we were also inter-
ested in examining treatment satisfaction
treatment satisfaction and QoL outcomes in
patients who were previously treated with
injectable DMTs and who then switched to
teriflunomide. These patients had switched to
teriflunomide for reasons based on tolerance,
safety, convenience, and patient’s preference.
Results showed significant improvements in
TSQM scores after 24 months versus BL in all
four domains of the measure. This was accom-
panied by an improved mean MSIS-29 total
score versus BL, although this did not reach
statistical significance. Similar TSQM results in
teriflunomide-treated patients who switched
from first-line injectables (glatiramer acetate or

interferon-beta) were reported by Kallmann
et al. [24] for the TAURUS study in Germany.

AURELIO, like all RWE studies, has inherent
limitations which should be considered when
interpreting the study’s outcomes. Being a sin-
gle-arm, open label study, there is no com-
parator group for reference. Moreover, although
patients who were lost to follow-up may have
continued teriflunomide treatment, it is rea-
sonable to assume that some discontinuations
were for efficacy or safety reasons. Discontinu-
ations for such motives would have the effect of
enriching the cohort for patients who were
doing well on the drug.

CONCLUSIONS

Overall, the AURELIO study showed good QoL,
treatment satisfaction, efficacy, safety, and
adherence outcomes in this cohort of Greek
patients with RRMS. Data from patients
switching to teriflunomide from first-line
injectable drugs also suggest that teriflunomide
is associated with a more convenient route of
administration as well as greater perceived effi-
cacy and tolerability. These results should be of
particular interest to MS neurologists in Greece,
a country with one of the highest physician-to-
patient ratios in the world [25].
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