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Abstract: Relapsing-remitting multiple sclerosis (RRMS) is a degenerative, inflammatory disease of
the central nervous system in which symptoms and disability progression vary significantly among
patients. Teri-REAL was a prospective, real-world observational study that examined quality-of-life
(QoL) and treatment outcomes in a Hungarian cohort of RRMS patients treated with once-daily oral
teriflunomide. QoL was assessed at baseline, 12, and 24 months with the Multiple Sclerosis Quality
of Life-54 (MSQoL-54) questionnaire. Other measurements included disease progression (Patient
Determined Disease Steps [PDDS]), clinical efficacy (relapses), fatigue (Fatigue Impact Scale [FIS]),
depression (Beck Depression Inventory [BDI]), cognition (Brief International Cognitive Assessment
in MS [BICAMS]), persistence and safety. 212 patients were enrolled (69.1% female, 50.5% treatment
naïve), with 146 (69%) completing the study. Statistically significant improvements in subscales of
the MSQoL-54 versus baseline were found at Month 12 and Month 24. Significant improvements
were also observed for individual components of the BICAMS score at 24 months, while PDDS, FIS
and BDI scores remained stable. The mean annualised relapse rate was 0.08 ± 0.32. There were
93 safety events, most of which were mild to moderate. Improved QoL and cognitive outcomes in
teriflunomide-treated patients over 2 years offer a unique perspective to this real-world study.

Keywords: teriflunomide; multiple sclerosis; quality-of-life; cognition; fatigue; efficacy; real-world
study; disability

Pharmaceuticals 2022, 15, 598. https://doi.org/10.3390/ph15050598 https://www.mdpi.com/journal/pharmaceuticals

https://doi.org/10.3390/ph15050598
https://doi.org/10.3390/ph15050598
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/pharmaceuticals
https://www.mdpi.com
https://doi.org/10.3390/ph15050598
https://www.mdpi.com/journal/pharmaceuticals
https://www.mdpi.com/article/10.3390/ph15050598?type=check_update&version=1


Pharmaceuticals 2022, 15, 598 2 of 15

1. Introduction

The past decade has seen a major increase in the number of disease-modifying ther-
apies (DMTs) approved to treat multiple sclerosis (MS), a chronic autoimmune-driven
neurodegenerative disease of the central nervous system that affects more than 2.8 million
people worldwide [1]. Most of these therapies are indicated for the treatment of relapsing-
remitting MS (RRMS), the main disease phenotype that is characterised by episodes of
relapse activity followed by full or partial recovery, and a gradual progression of underly-
ing disability [2]. RRMS is a highly heterogeneous condition that affects people differently,
not only in terms of the degree of disease activity and the nature and severity of physical
affectation, but also in terms of non-physical symptoms such as anxiety, depression, cogni-
tive impairment, mood disorder, irritability, and anger that may severely curtail normal
daily functioning and thereby impact on overall quality of life (QoL) [3,4]. There is growing
awareness in the medical community that all symptoms, and not just the physical ones,
need to be adequately monitored and controlled as part of the patient management process
if a patient’s overall wellbeing and QoL is to be preserved [5,6].

Most of the current first-line therapies for MS consist of injectables (subcutaneously-
or intramuscularly-administered with pre-filled syringes or pens) and oral DMTs. Teri-
flunomide is a reversible, selective inhibitor of dihydroorotate dehydrogenase (DHODH), a
rate-limiting mitochondrial enzyme required for de novo pyrimidine synthesis by prolif-
erating lymphocytes. Inhibition of this enzyme by teriflunomide is thought to reduce the
number of activated T and B lymphocytes that cross the blood-brain barrier and provoke
damage within the central nervous system [7,8]. Oral teriflunomide (Aubagio®) received
marketing approval in Europe in 2013 for the treatment of RRMS [9], providing patients
with a more convenient mode of administration and avoiding injection site adverse reac-
tions. Prior to marketing approval, the drug underwent one of the most extensive clinical
development programs ever conducted on RRMS patients, with significant clinical effi-
cacy and brain imaging outcomes obtained across phase 2 and 3 clinical trials and their
long-term extension studies [7,8,10–14].

In answering questions about the real-world value of a DMT, numerous factors in
addition to the benefit-risk characteristics and price of each drug come under consideration.
To this end, health economics outcomes data are becoming increasingly important in the
public health system and are commonly employed by healthcare authorities and payers in
the decision-making process. In line with these requirements, real-world outcomes with
teriflunomide have been reported for a number of observational studies conducted mainly
in the US and Europe on RRMS patient populations treated with the drug according to
local prescribing guidelines [15–22]. Importantly, from a real-world perspective, the patient
cohorts enrolled in such studies are not required to conform to the strict inclusion/exclusion
criteria specified in randomised clinical trials and therefore represent a broader and more
characteristic patient base on which teriflunomide is used.

Teri-REAL was a prospective, real-world observational study carried out from 2016 to
2020 in Hungary, a country with an MS prevalence of approximately 101.8/100,000 persons
according to epidemiological data [23]; this extrapolates to around 10,000 Hungarian
patients with MS, 69% of whom have RRMS. The objective of Teri-REAL was to generate
patient reported outcome (PRO) data to assess QoL, fatigue, depression, disability, and
cognitive outcomes in a cohort of around 200 RRMS patients treated with teriflunomide for
two years according to the approved European indication. In addition to PRO measures,
treatment adherence and persistence, health economics outcomes, and efficacy and safety
measures were also assessed both in treatment-naïve patients and in patients previously
treated with other DMTs.
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2. Results
2.1. Baseline Characteristics

Teri-Real enrolled 217 patients from 33 clinical sites. As five of the enrolled patients
did not proceed to teriflunomide treatment, the Safety Analysis Set Population (SASP) and
Full Analysis Set Population (FASP) populations thus consisted of 212 patients (Figure 1).
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Figure 1. Patient enrolment and outcomes in Teri-REAL.

Baseline patient characteristics (All Subjects Consented Population; ASCP) are pre-
sented in Table 1. The mean age (±SD) of patients was 41.8 ± 9.6 years, and 150 of the
217 patients (69.1%) were female. Here, 109 patients (50.2%) were treatment-naïve. Of those
who had received treatment with a DMT prior to participating in the study (n = 107), more
than 80% had been prescribed first-line injectable drugs. One patient had previously been
treated with two different DMTs.
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Table 1. Baseline characteristics of the Teri-REAL patient cohort (ASCP) †.

Parameter * Baseline Score Number

Age, mean (SD), range, years 41.8 (9.6), 18–73 217
Females, n (%) 150 (69.1) 217

Race Caucasian, n (%) 215 (99.5) 1 216
Highest educational level attained, n (%)

Primary school
Secondary school

Advanced vocational qualification
Graduate

20 (9.2)
103 (47.5)
35 (16.1)
57 (26.3)

217

Employed, n (%) 2

Full-time
Part-time

135 (62.2)
24 (11.1)

217

Time since first MS symptoms were noticed (years) 9.9 (8.2) 216
Time since diagnosis of MS, years 7.3 (7.1) 216

Number of relapses in the past 2 years, mean (SD) 1.04 (0.92) 216
Frequency of relapses in the past 2 years, n (%)

0
1
2
3
4

75 (34.6)
68 (31.3)
65 (30.0)

6 (2.8)
2 (0.9)

217

MS treatment naïve at baseline, n (%) 109 (50.4) 216
Most common DMT at baseline, n (%)

Interferon beta 1b
Glatiramer acetate

Interferon beta-1a (SC)
Dimethyl fumarate

Interferon beta-1a (IM)

108 (49.8)
28
21
20
20
19

EDSS score, mean (SD) 1.97 (1.40) 216
PDDS score, mean (SD) 1.33 (1.48) 204

* mean (SD), unless stated; † All subjects consented population (ASCP); 1 One patient did not respond to this
question; 2 56 patients were not employed, while 2 patients did not respond to this question. DMT, disease
modifying treatment; EDSS, Expanded Disability Status Scale; IM: intramuscular; MSIS, Multiple Sclerosis Impact
Scale, Patient Determined Disease Steps (PDDS); SC: subcutaneous; SD, standard deviation.

Most patients (215 [99.5%]) identified as Caucasian, and more than 70% reported being
in full- or part-time employment. At baseline, the mean number of relapses (±SD) over the
2 years prior to study enrolment was 1.04 ± 0.92, and the mean expanded disability status
scale (EDSS) score was 1.97 ± 1.40.

2.2. Study Discontinuations

In this case, 174 patients (82%) and 146 patients (69%) remained on teriflunomide at
12 and 24 months, respectively, corresponding to a total of 66 discontinuations over the
study period from the original 217 patients in the ASCP. Reasons for discontinuations are
summarised in Table 2.

Additional analyses showed that there was no significant difference in discontinuation
rates between previously treated and treatment-naïve patients (Chi-squared test: p = 0.306),
nor in relation to the initial EDSS score (analysis of variance (ANOVA): p = 0.841).

The two patients who had 4 relapses in the two years prior to enrolment (Table 1)
discontinued the study before the month 12 visit, whereas the six patients who had had
three relapses each before enrolment completed the study. Patients with 0, 1, or 2 relapses
discontinued at approximately the same rate in the first and second years of the study.
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Table 2. Reasons for study discontinuation.

Reason for Discontinuation Baseline to
12-Month Visit

Between 12- and
24-Month Visits

Adverse event-related 7 2
Participant’s decision 6 8

Investigator’s decision 3 9
Lost to follow up 3 1

Other
2 4

1. Could not take tests, could not be examined
2. Disease progression to secondary progressive MS
3. MRI progression, lack of efficacy
4. MS relapse, lack of efficacy

No answer 17 4
Total 38 28

MRI, magnetic resonance imaging.

2.3. Primary Outcome Measure

Results from the subscales of the Multiple Sclerosis Quality of Life-54 (MSQoL-54)
questionnaire following 12 and 24 months of teriflunomide treatment are presented in
Figure 2. Most of the parameters were stable over the course of the study, with statistically
significant improvements (paired samples t-tests) at Month 12 versus baseline observed
for health perceptions (p = 0.021), social function (p = 0.03), health distress (p < 0.001),
satisfaction with sexual function (p < 0.001), and change in health (p < 0.001) categories
(Figure 2A). For the 24-month time-point versus baseline (Figure 2B), significant differences
were found for change in health (p = 0.002) and energy (p = 0.03). Results for the one-
way ANOVA (baseline to 2 years) echoed the t-test results, with statistically significant
improvements seen in MSQoL-54 subscales for social function (p = 0.001), health distress
(p = 0.001) and change in health (p < 0.001). Most of the differences seen between the
baseline and 12- or 24-month values were small, even when statistically significant. Overall,
no statistically significant worsening of any MSQoL-54 subscale parameter was observed,
suggesting that QoL in this patient cohort remained stable or improved slightly during the
24-month study period.
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Figure 2. MSQoL-54 scores at Month 12 (A) and Month 24 (B) compared with baseline. Graphed
values show mean ± SEM for each component of the MSQoL-54 test. Statistically significant outcomes
from paired sample t-test results at 12 months (A) and 24 months (B) versus baseline are shown.
SEM: standard error of the mean.

2.4. Secondary Outcomes
2.4.1. Relapses

In total, 31 relapses were recorded in 28 of the 212 patients (3 patients had 2 relapses)
over the 2 years of the study. In this case, 16 of these relapses occurred in 16 patients in the
first year of treatment, with 4 of the 16 patients suffering at least 1 relapse in the 2 years
prior to the study, and 10 of these patients suffering at least 2 relapses in the 2 years prior to
the study. Here, 15 of the 31 relapses occurred in 13 patients in the second year of treatment
(2 patients had 2 relapses) with 9 of these 13 patients suffering at least 1 relapse in the
2 years prior to the study, and the remaining 4 patient suffering at least 2 relapses in the
2 years prior to the study. The only patient who had 1 relapse both in year 1 and in year 2,
had 1 relapse in the 2 years prior to the study. In this case, 11 of the 16 patients who had
relapses in the first 12 months of teriflunomide treatment did not continue to the study’s
second year (i.e., no Visit 4 data are available for these patients). Two of the 13 patients who
had relapses in the second 12 months of teriflunomide treatment had no data for Visit 4.

The severities of 16 relapses were noted in eCRFs and recorded in the clinical study
report. Five of these relapses were classified by the investigator as mild and 11 as being
of moderate severity. Patients were hospitalized for 12 of the 16 relapses, and steroid
treatment required in 13 of the cases. Recovery was complete for 7 relapses and incomplete
for 9 relapses. Taken together, the annualised relapse rate (ARR) (mean ± SD) decreased
from 0.73 ± 0.76 in the year prior to baseline measurements, to 0.06 ± 0.24 and 0.08 ± 0.32
at 12 and 24 months, respectively, following teriflunomide treatment initiation (p < 0.001
at Months 12 and 24 versus the pre-baseline ARR (repeated ANOVA for post hoc pair-
wise comparisons).

2.4.2. Patient Determined Disease Steps (PDDS)

Compared to the EDSS, the PDDS tool provides a quick, simple to use though nonethe-
less reliable means for neurologists to measure long-term disease progression in MS based
primarily on the assessment of ambulation [24,25]. Results from the PDDS were stable, with
no clinically important decrease in score (i.e., disability improvement) observed over the
course of the study. That is, the mean PDDS score at baseline was 1.33 [95% CI: 1.13–1.54],
compared to 1.3 [95% CI: 1.08–1.52] at the 12-month visit and 1.17 [95% CI: 0.94–1.40] at
24 months (p = 0.508; repeated measures ANOVA). Concerning changes in the distribution
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of disability impairment during the study, 89 patients out of 204 (43.6%) had a normal
PDDS score at baseline compared to 63 out of 141 (44.7%) at 24 months. Figure 3 shows the
numbers of patients in the different PDDS disability categories expressed as a percentage
of the population at each timepoint. Percentages of patients with no disability (normal) or
mild disability increased slightly with time on treatment, whereas those with moderate or
more severe disability remained constant or tended to decrease during the study. No pa-
tients transitioned to ‘wheelchair’. As the results only contemplate patients who remained
in the study, it could be expected that the distribution of patients would skew towards
those whose disease was under control and therefore had little or no disability. Declining
numbers of patients with more serious disability could be due to treatment discontinuation
owing to a perceived lack of drug efficacy as in the case of disability worsening.
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2.4.3. Fatigue Impact Scale (FIS)

The total FIS score, and the cognitive and psychosocial components of FIS were stable
over the course of the study, with none of these measures found to be statistically different
from baseline values. The physical component of FIS did show a statistically significant
improvement (p = 0.008, one-way ANOVA) after 2 years versus baseline (11.33 versus 13.09).

2.4.4. Beck Depression Inventory (BDI)

The mean BDI score improved slightly during the study in patients who had valid BDI
scores at baseline and at subsequent visits. In this way, a decrease from 9.505 at baseline to
8.177 was observed at the 12-month visit (p = 0.005), while a decrease from 8.528 at baseline
to 7.867 was seen at 24 months, though this change was not significant (p = 0.182). Taken
together, these findings indicate stability in this measure of depression in patients who
remained in the study.

2.4.5. Brief International Cognitive Assessment in MS (BICAMS)

Table 3 shows that statistically significant improvements were observed for the
three components (Symbol Digit Modalities Test (SDMT), Brief Visuospatial Memory Test
(BVMT), California Verbal Learning Test II (CVLT)) of the BICAMS score (p < 0.05; paired
t-tests) after 2 years. The change from baseline to Month 12 and to Month 24 was also
significant for each component as measured by one-way ANOVA (p < 0.05).
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Table 3. BICAMS outcomes.

Parameter Baseline Month 12 Month 24 Repeated
Measures ANOVA

Mean SD n Mean SD n Mean SD n p

SDMT 48.46 12.17 129 49.39 13.59 129 51.88 13.35 129 <0.001
BVMT 27.92 6.48 122 29.29 7.07 122 29.91 6.14 122 0.004
CVLT 58.48 10.08 116 60.93 11.87 116 63.84 11.05 116 <0.001

SDMT: Symbol Digit Modalities Test; BVMT: Brief Visuospatial Memory Test; CVLT: California Verbal Learning
Test II (CVLT-II).

2.4.6. Health Economics Outcomes

Participant employment status improved slightly over the course of the study, with
the percentage of study participants in full- or part-time employment and who remained on
treatment increasing marginally from 72% to 78%, although this change was not statistically
significant (Table 4; Chi-squared test: p = 0.181). In this case, 89% of patients who were
employed full time at baseline and who remained in the study were still in full-time
employment at the 24-month measurement. Moreover, for patients who completed the
study, 24% of those who were unemployed at baseline had entered into full-time work,
while 12% were in part-time work at the 24-month visit.

Table 4. Employment status of Teri-REAL patients by visit.

Current Employment Status Employed
Full-Time

Employed
Part-Time

Not
Currently Employed Total

Baseline
Count 124 24 58 206

% 60% 12% 28% 100%

12-month visit
Count 103 23 51 177

% 58% 13% 29% 100%

24-month visit
Count 84 20 29 133

% 63% 15% 22% 100%

There was little change in the number of medical consultations that participants
required over the course of the study compared with the 12 months prior to baseline.
However, the need for inpatient care (based on visits made in the previous 12 months
(mean ± SD)) decreased from 3.3 ± 5.7 at the baseline reading to 1.3 ± 11.6 at 12 months
and 1.6 ± 12.0 at 24 months (p = 0.189; repeated measures ANOVA). This outcome, though
not significant, was skewed by the very high number of visits made by one patient. When
the data from this outlier were removed from the analysis the result was statistically
significant (p < 0.001). Patient absenteeism (missed work, school, or regular daily activ-
ities in the previous 12 months) also decreased. The value at baseline was 12.2 ± 43.4
compared to 8.4 ± 41.7 at 12 months and 2.5 ± 12.5 at 24 months (p = 0.0497; repeated
measures ANOVA).

2.4.7. Adherence and Persistence

Adherence to teriflunomide was high and consistent at both the 12-month visit (97.2%)
and the 24-month visit (97.3%). As described above, treatment persistence was also very
good, with 82% and 69% of patients still on teriflunomide at 12 and 24 months, respectively.
Of the 212 patients in the SASP, exactly half (n = 106) had been previously treated and
half were treatment-naïve. After 24 months of the study, 75.5% of the previously treated
and 66% of the treatment-naïve patients remained on teriflunomide treatment (p = 0.306;
Chi-squared test).
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2.4.8. Safety
Clinical Laboratory Tests

There were no anomalous laboratory test results deemed by the investigators to be
clinically significant.

Adverse Events

There were 93 safety events reported in 44 patients (20.75%) in Teri-REAL. The most
frequently reported events were hypertension (6 patients), alopecia (5 patients), and upper
respiratory tract infection (4 patients).

Serious AEs occurred during the course of the study in 8 patients (3.77%; one occur-
rence each of: abdominal pain, anxiety, bipolar disorder, hypersensitivity, multiple sclerosis
relapse, thermal burn, tumefactive multiple sclerosis and uterine leiomyoma, of which
4 were classified as moderate and 4 as severe events). Seven patients were hospitalized,
6 recovered (outcome for the other patient is unknown). Teriflunomide was withdrawn
from the patient with the severe skin reaction as this was judged to be drug-related.

In total, 13 AESIs (14% of total number of AEs) occurred in 10 patients during the
study (medically significant increases in blood pressure [4 events], upper respiratory tract
infection [2 events], one occurrence of each of the following: liver disorder with increases
in transaminases and bilirubin, severe skin or allergic reaction, major depressive disorder
and suicidal attempt, uterine dilation and curettage, frequent bowel movements, bipolar
disorder, pain in extremity, and carpal tunnel syndrome. One patient had a psychotic
episode, which was caused by a known bipolar affective disorder, and was classified
as a SAE.

3. Discussion

The Teri-REAL findings are in line with other observational studies evaluating treat-
ment outcomes in unselected teriflunomide-treated patients in real-world clinical set-
tings [15–19,21]. The fact that many of these studies are country- or region-specific provides
healthcare professionals and decision-makers in public office with valuable close-up snap-
shots of treatment outcomes for broadly based patient profiles coupled with different local
prescribing practices and drug reimbursement policies across those jurisdictions. This is the
first such study to be carried out on teriflunomide-treated RRMS patients from Hungary.

Compared to other real-world studies on teriflunomide-treated patients, the patient
profile of the Teri-REAL cohort at baseline can be described as relatively young and with
low disability. In this way, the mean age of patients (41.8 ± 9.6 years) is at the lower end
of what has been described in several other analogous real-world studies, where mean
baseline ages close to or over 45 years were reported [15–19,21]. Along the same lines,
the mean EDSS score at baseline (1.97 ± 1.40) was low in Teri-REAL compared to that
generally seen in other studies, which in some cases registered baseline EDSS values close
to or exceeding 3 [15,18]. From this starting point, the probability of detecting wholesale
changes in the QoL primary endpoint or other measures over a 24-month period in our
cohort is likely to be reduced. Nevertheless, the baseline demographics of the patient cohort
cannot be controlled for a priori in a study of this type, as patients who fulfilled the local
prescribing criteria were eligible for enrolment. Although our aim was to evaluate outcomes
in an unselected, real-world cohort, further patient-relevant data could be obtained by
performing sub-analyses of data from patients grouped according to defined baseline
criteria (for example, EDSS > 3.0, prior treatment, etc.). Such analyses are however beyond
the scope of the present report.

A key factor to be considered in real-world studies such as that described here is the
percentage of patients who discontinue treatment prior to the end of the study. Even if a
battery of study tests is carried out at the time of patient withdrawal and data allocated to
the nearest planned study visit, discontinuations will tend to cause a bias by eliminating
patients who do not respond well to a drug, thus impacting on subsequent analyses.
Moreover, obtaining such data at withdrawal is often not feasible for all discontinuing
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patients in an observational study, meaning that key information about drug efficacy,
tolerance, side effects, and treatment compliance among other parameters is not compiled.
This characteristic of observational studies should be kept in mind when considering the
outcomes of such studies.

We showed here that 69% of Teri-REAL subjects remained on teriflunomide treatment
at the end of the study (24 months). This value fits with previously reported real-world
teriflunomide studies, where discontinuation rates after 2 years were 29.2% in Italy [18],
34.6% in France [21], 21.5% in Germany [17], 41% in Nordic countries [16], and 24.8% in
Greece [19]. Apart from 9 of the 66 discontinuations being due to AEs, detailed underlying
reasons for the remaining discontinuations (patient/investigator decision, lost to follow-up,
etc) were not compiled in the study database.

The primary outcome measure in Teri-REAL was improved quality of life as deter-
mined by the MSQoL-54 test. Small improvements were seen in some subsections of the
test at 12 and 24 months, but overall, most parameters remained stable, with no statistically
significant worsening seen (Figure 2). These findings are consistent with QoL outcomes
from other real-world studies with teriflunomide-treated patients, which showed stable
QoL or small improvements in outcomes [15–17,19,21]. Whether the observed improve-
ments reported here translate into clinically important differences is not clear; however,
the improvement in some parameters and overall absence of worsening shows that the
health-related QoL (HRQoL) of patients who remained in the study was maintained.

Teriflunomide treatment provided solid efficacy outcomes in our cohort, with only 13 of
the original 212 patients having a relapse, and over 80% of these relapses occurring in the
first year of treatment. A decrease in the ARR from 0.73 ± 0.76 in the year prior to baseline
measurements to a very low 0.08 ± 0.32 in the second year of teriflunomide treatment confirms
or even surpasses results from other teriflunomide-treated cohorts [15–19,21,22]. We found
that the efficacy measure for patient-reported disability, as evaluated by PDDS, remained
stable over the course of the study. This result could be anticipated given that patients had
low disability levels upon entry to the study, and relapse activity was well controlled in those
who remained on treatment. Similar stable PDDS outcomes in teriflunomide treated patients
have been reported [15,19].

Fatigue and depression are patient symptoms that are known to contribute to dis-
ease burden and decreased QoL in MS patients [23,26]. We measured stable total FIS
scores and cognitive and psychosocial components, along with a small but statistically
significant improvement in the physical component. To place this in context, Rendas-
Baum et al., (2010) [27] calculated that the minimum improvement in FIS total score to
achieve a clinically meaningful change was 10–20 points. Likewise, depression scores in our
study were stable or underwent small yet significant improvements, but these were well
short of the almost 20% improvement from baseline BDI scores needed to be considered
clinically meaningful [28].

Our findings concerning fatigue and depression measures are again consistent with
previous reports for teriflunomide-treated patients [17,21]. Importantly, the stable outcomes
described here for these parameters suggest an absence of their deterioration over the
24 months of the study period. This was likely reflected in the overall stable HRQoL of our
patient cohort.

The validated Hungarian version of the BICAMS test used in the Teri-REAL study
has been described as a “reliable method for the evaluation” of cognitive function in MS
patients [29], while Filser et al., (2018) [30] described BICAMS as a reliable monitor of
cognitive performance over time. To this end, exceptionally good cognitive test outcomes
were obtained in those patients who remained on treatment for the 24 months of the Teri-
REAL study, with small though significant improvements determined for all three cognitive
tests in the BICAMS battery. Sandi et al., (2015) [29] also showed that performance in the
BICAMS test was correlated with 7 of the MSQoL subscales, which may explain in part the
stable HRQoL outcomes we report for Teri-REAL.
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Cognitive deficits are strongly related to changes in work performance and status [31].
With the study by Filser et al., (2018) [30] noting that the SDMT has good predictive value for
working ability, the significant SDMT findings reported here may reflect the slight (though
not significant) increase in the number of teriflunomide patients in full- and part-time
work at study end. Other health economic outcomes were also positively impacted during
the study, with decreased incidences of inpatient care and absenteeism. Furthermore, no
new safety signals were seen in Teri-REAL, with the most frequent AEs being alopecia,
hypertension, and upper respiratory tract infection, as reported in the clinical trial program
and other post-marketing studies.

In conclusion, the results from Teri-REAL are in line with previously published RWE
findings and underpin the well-characterized benefit-risk profile of teriflunomide. Im-
proved HRQoL, fatigue, depression, and cognitive outcomes in these patients over 2 years
offer a unique perspective to this real-world study.

4. Materials and Methods
4.1. Study Design

This was a 2-year, prospective, observational, real-world study of teriflunomide-
treated RRMS patients in Hungary. Both treatment-naïve and pre-treated patients were
eligible for the study, which began enrolling participants on 28 June 2016 (first patient in)
and completed on 16 July 2020 (last patient out). It was planned for around 200 patients
to be recruited from 33 study sites in Hungary, all of which were staffed by physicians
experienced in the diagnosis, management, and treatment of relapsing MS patients with
disease-modifying drugs, including teriflunomide, as part of their daily clinical practice.

All outcome measures obtained from patients were assessed at baseline and then at
12 (±1) months and 24 (±1) months. Clinical screening data were collected by the treating
neurologist on electronic case report forms (eCRFs). PRO measures were collected from
patients who completed hard copy questionnaires, the results of which were then entered
into the study database.

This study was conducted in compliance with all international guidelines, national
laws, and regulations, including local data protection rules. In addition, the study was con-
ducted in accordance with the ethical principles of the Declaration of Helsinki (1964 and sub-
sequent iterations). Ethics approval for this real-world, observational, non-interventional
study was provided by the Hungarian National Institute of Pharmacy and Nutrition
(OGYEI/12590-4/2016).

4.2. Patients
4.2.1. Inclusion/Exclusion Criteria

Enrolled patients were required to be at least 18 years of age and to have a diagnosis
of RRMS as confirmed by the treating neurologist at the participating study site. Inclusion
to the study was also dependent on patients being eligible for treatment with teriflunomide
(14 mg) according to the approved European Summary of Patient Characteristics [9]. All
patients (or their carers) provided written informed consent to participate in the study.

4.2.2. Discontinuations

In the event of a patient choosing to discontinue their involvement in the study, the
reason(s) for this discontinuation, if available, was recorded on eCRFs. Patients who discon-
tinued the study did not undergo a final evaluation at that time unless the discontinuation
coincided with one of the planned study visits.

4.3. Endpoints

The primary endpoint was quality of life as measured with the MSQoL-54 question-
naire (Table 5; [32]) adapted for Hungarian native speakers [33]. This questionnaire consists
of 54 questions related to physical health (actual physical function, role limitations due to
physical problems, pain, health perception, energy/fatigue, sexual function, social func-
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tion, health distress) and mental health (health distress, overall quality of life, emotional
well-being, role limitations due to emotional problems, cognitive function). Scores for each
scale range from 0 to 100, with a higher score indicating improved quality of life.

Table 5. Test battery used in Teri-REAL.

Parameter Test Description Reference

Quality of Life MSQoL-54

MS-specific test with 54 questions related to
physical health and mental health. Scores for
each scale range from 0 to 100, with a higher

score indicating improved quality of life.

[32,33]

Relapse ARR Calculated from number of MS relapses over the
2 years of the study

Disability progression PDDS Scale focusing on how patients walk, with a
higher score denoting greater disability [24,25]

Fatigue FIS

Impact of fatigue on cognitive, physical, and
psychosocial function, score range 0 to 160, with

a higher score indicating more severe fatigue
levels. Adapted for Hungarian native speakers

by Losonczi et al., 2011

[34–36]

Depression BDI 21 questions, score range 0 to 63, with a higher
score indicating a greater level of depression [37,38]

Cognition BICAMS

Incorporating tests for mental processing speed
(Symbol Digit Modalities Test (SDMT)), visual

memory (Brief Visuospatial Memory Test
(BVMT)) and verbal learning (California verbal
learning test II (CVLT-II). Adapted for use with
Hungarian native speakers by Sandi et al., 2015

[29,39]

Health economic outcomes HRPQ

Changes in employment status (full-time,
part-time, not employed) and absenteeism (the

number of days participants missed work,
school, or regular daily activities)

[40]

ARR: annualised relapse rate; BDI: Beck Depression Inventory; BICAMS: Brief International Cognitive Assessment
for Multiple Sclerosis; BVMT: Brief Visuospatial Memory Test; CVLT: California verbal learning test; FIS: Fatigue
Impact Scale; MSQoL-54: Multiple Sclerosis Quality of Life-54; PDDS: Patient Determined Disease Steps; SDMT:
Symbol Digit Modalities Test.

Secondary endpoints assessed in Teri-REAL (Table 5) consisted of efficacy measures
for teriflunomide (ARR and disease progression (measured using PDDS [24,25]), as well
as fatigue (FIS [34,35]), depression (BDI [37]), and cognition (BICAMS [39]) validated for
Hungarian native speakers [29].

Health economic outcomes related to teriflunomide were assessed from a number
of perspectives. Changes in employment status (full-time, part-time, not employed) and
absenteeism (the number of days participants missed work, school, or regular daily ac-
tivities) versus baseline values were evaluated at the 12- and 24-month timepoints with
the Health-Related Productivity Questionnaire (HRPQ) [40]. Concomitant medication use,
the number of medical consultations over the study period, and the number of days in
which participants required impatient hospital care were also assessed. Adherence to teri-
flunomide was calculated as a self-reported measure according to Osterberg and Blaschke
(2005) [41], with patients considered to be adherent if the number of teriflunomide tablets
taken over a specified period of time was >80% of the prescribed number that should be
taken during that time.

Safety outcomes, including laboratory tests and adverse events (AEs), were also assessed.
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4.4. Statistical Methods
4.4.1. Populations

The All Subjects Consented Population (ASCP) consisted of all patients who consented
to participate in the trial; those who did not start treatment were omitted from the SASP
and the FASP.

4.4.2. Methodology

Demographics and baseline characteristics were summarized in a descriptive manner
using the mean and SD where appropriate, and percent for categorical data.

For the MSQoL-54, the primary analysis was the comparison of quality of life from
baseline to 12 months and baseline to 24 months. Data were analysed descriptively using
the mean, median and SD. A paired samples t-test was applied to compare baseline and
data collected at the 12- and 24-month visits. One-way ANOVA with repeated measures
were used to compare the changes during the study. Each of the 14 subsections of the
MSQoL-54 was analysed independently. The same statistical analyses were applied to the
PDDS, FIS, BDI and BICAMS questionnaire data.

The HRPQ was analysed by Chi-squared test, and adherence to teriflunomide treat-
ment was determined by the number and frequency of adherent patients at each visit.
Persistence was calculated as the percentage of patients who remained on treatment at the
12- and 24-month visits.

Adverse events were analysed in a descriptive manner, with the frequency and percent-
age of patients experiencing AEs, serious AE (SAEs), and adverse events of special interest
(AESIs) during the study calculated for each study visit, and summarized by intensity,
possible relationship to teriflunomide, outcome and action taken.

5. Conclusions

The Teri-REAL findings suggest favourable real-world patient-reported efficacy and
safety outcomes with teriflunomide in this Hungarian RRMS population. The study’s
results are consistent with PRO outcomes in teriflunomide-treated RRMS patients reported
for other observational studies conducted in the US and Europe. The improved QoL
and cognitive outcomes in these patients over 2 years offer a unique perspective to this
real-world study.
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