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1. Introduction
Multiple sclerosis (MS) is a chronic demyelinating disease 
of the central nervous system. Treatment strategies for MS 
include treating acute relapses, applying disease-modifying 
treatments, and symptomatic treatments [1]. Disease-
modifying treatments (DMT) vary in route and frequency 
of administration, adverse event profiles, and adherence, as 
well as aiming at different pathophysiological pathways [1]. 
DMTs should be offered to MS patients by their neurologists 
to prevent relapses and disease progression [2]. However, 
patients can only ensure benefit from DMTs by adhering to 
treatment and nonadherence is proven to increase relapse, 
as well as hospitalization rates for MS patients [3]. 

Adherence to treatment is referred to as obtaining 
prescriptions and administering treatment appropriately 

[4]. The most direct and easy way to monitor treatment 
adherence is by patients’ self-reports. So far, there are two 
studies investigating treatment adherence in MS patients 
in Turkey which mainly focused on the factors affecting 
treatment adherence and did not explore adherence and 
tolerability of orally administered DMTs [5,6]. 

Orally administered DMTs are easy for patients to use 
and high long-term adherence to treatment is crucial to 
achieve maximum disease control which seems to be a 
weak point for injectable therapies [7]. Three of the oral 
DMTs approved by the Ministry of Health in Turkey 
are Fingolimod (FNG), Dimethyl fumarate (DMF), and 
Teriflunomide (TERI). Tolerability and adverse event (AE) 
profiles for these 3 DMTs have been investigated in clinical 
trials [8–10]. 
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This study aims to investigate and compare adherence, 
adverse event profiles, and frequencies, treatment 
outcomes, the main reasons for treatment discontinuation 
under either one of the mentioned oral DMTs for relapsing-
remitting MS (RRMS) patients. This study is designed to 
explore patient-reported experiences in real-life settings. 

2. Materials and methods
This is a retrospective and descriptive study conducted in 
a Turkish population with relapsing-remitting multiple 
sclerosis treated with oral disease-modifying therapies 
of teriflunomide (TERI), dimethyl fumarate (DMF), or 
fingolimod (FNG). 

All treatment cycles were arranged following the 
approved label instructions. Treatment protocols involving 
TERI (14 mg once per day), DMF (120 mg twice per day 
for the first 7 days, then 240 mg twice per day), and FNG 
(0.5 mg once per day) are described elsewhere1,2,3. 

Eligibility criteria were as followed: Age 18 years or older; 
a definite diagnosis of RRMS according to the McDonald 
criteria [11]; no history of stem-cell transplantation. Data 
files of MS outpatient clinic at the Neurology Department 
of Marmara University were examined retrospectively to 
identify patients who started TERI, DMF, or FNG between 
1 June 2012 and 1 June 2019. Demographic (birth date, 
gender), clinical (date of disease onset, diagnosis date, 
disability score assessed by the Expanded Disability Status 
Scale [EDSS] [12], previous and present treatments, 
start and end dates of all treatments, main reasons for 
discontinuation, adverse events) data were recorded in the 
electronic hospital databases for all patients. Regardless 
of previous adverse event records, all the patients were 
phoned to be questioned about past and present possible 
adverse events.

To evaluate the treatment compliance and real-life 
safety of these drugs, we examined the frequency of AEs, 
treatment cessation rates, and the reasons behind it. An 
AE is defined as an undesirable medical occurrence in a 
subject after administration of a pharmaceutical product4. 
A serious AE was any AE which was life-threatening or 
1 European Medicines Agency. Product Information, Aubagio (2013) [online]. Website  https://www.ema.europa.eu/en/documents/product-informa-
tion/aubagio-epar-product-information_en.pdf. [accessed Dec. 08, 2019].  

2 European Medicines Agency. Product Information, Tecfidera (2014) [online] Website https://www.ema.europa.eu/en/documents/product-informa-
tion/tecfidera-epar-product-information_en.pdf. [accessed Dec. 08, 2019].

3  European Medicines Agency. Product Information, Gilenya (2011) [online] Website https://www.ema.europa.eu/en/documents/product-information/
gilenya-epar-product-information_en.pdf. [accessed Dec. 08, 2019].  
4  European Medicines Agency. Guideline on good pharmacovigilance practices (GVP) - Module VI – Management and reporting of adverse reactions to 
medicinal products (Rev 1) (superseded) (2012) [online]. Website https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/guideli-
ne-good-pharmacovigilance-practices-gvp-module-vi-collection-management-submission-reports_en.pdf [accessed Dec. 08, 2019]

5  European Medicines Agency. Serious adverse reaction [online]. Website https://www.ema.europa.eu/en/glossary/serious-adverse-reaction [accessed 
Dec. 08, 2019].  

6  European Medicines Agency. Updated recommendations to minimise the risk of the rare brain infection PML with Tecfidera (2015) [online]. Website 
https://www.ema.europa.eu/en/documents/press-release/updated-recommendations-minimise-risk-rare-brain-infection-pml-tecfidera_en.pdf. [acces-
sed Dec. 08, 2019].  

caused death resulting in hospitalization, significant 
disability, or a congenital anomaly5. Lymphopenia was 
considered if the number of lymphocytes dropped below 
200/mm3 under fingolimod treatment or if it persisted 
below 500/mm3 for 6 months under dimethyl fumarate 
treatment6[13].

Data were analyzed using SPSS (Version 23.0, BM, New 
York, USA). Normal distribution analysis was conducted 
using the Kolmogorov-Smirnov test. Nonnormally 
distributed variables were compared using the Kruskal-
Wallis test. Categorical variables were evaluated using 
the chi-square test. Categorical data were summarized 
by frequencies (percentages) and quantitative data were 
summarized as median (minimums and maximums). A 
p-value lower than 0.05 was considered significant. 

Participants and their relatives were given clear 
information about the study and asked to read and sign the 
informed consent. Approval was obtained from the Ethics 
Committee of Marmara University, School of Medicine.

3. Results
A total of 190 MS patients were enrolled in the study and 
213 total, 118 FNG, 51 DMF, and 44 TERI treatment cycles 
were recorded. 70.5% of all the patients were female and 
there was no statistically significant difference between 
TERI, DMF, and FNG patients concerning gender. 
Demographic and baseline clinical data are summarized 
in Table 1. 

Patients under TERI were statistically significantly 
older (p = 0.001). Time since disease onset and time 
since diagnosis were found to be significantly longer for 
FNG using patients (p = 0.012 and p = 0.004). Moreover, 
the treatment duration for FNG was calculated to be 
significantly longer than TERI and DMF (p < 0.001). There 
was no statistically significant difference comparing EDSS 
scores at the baseline for each treatment (p = 0.5).

Most of the patients used more than one DMT at 
different times (Range 1–6). More patients under TERI 
or DMF treatment were treatment-naive, as TERI and 
DMF were chosen as an initial DMT, and they combined 

https://www.ema.europa.eu/en/documents/product-information/tecfidera-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/tecfidera-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/gilenya-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/gilenya-epar-product-information_en.pdf
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constitute 22.6% of the first-line agents. FNG was never 
a first treatment choice. Starting from second to fifth 
treatment choices FNG was the most chosen DMT among 
the orally taken DMTs.

72.8% of all the treatment cycles were continued. There 
was no significant difference in treatment continuity 
between the 3 DMT groups. The most common reasons 
for treatment discontinuation in order of frequency were 
adverse events, progression of the disease, and persistence 
of relapses. Only 3 treatment cycles were stopped due to 
patient nonadherence (Figure). Comparing the reasons 
for treatment discontinuation no significant difference 
was found for the 3 DMTs (Table 2). Thirty-two percent 
of the patients reported at least one adverse event. One 
hundred and two adverse events were recorded. Thirty-
three (28%) FNG using patients reported 39 AEs, 
25 (49%) patients reported 41 AEs for DMF, and 12 
(27.3%) patients reported 22 AEs for TERI. Comparing 
the frequency of adverse events, DMF using patients 
reported AEs significantly much frequently than FNG 
and TERI using patients (p = 0.015). The most common 
adverse events for each DMT were as followed: alopecia 
(n = 6, 13.6%) for TERI, flushing for DMF (n = 20, 
39.2%), persistent lymphopenia for FNG (n = 9, 7.6%). 
Detailed adverse event profiles are summarized in Tables 
3, 4, and 5. No severe or life-threatening AE was reported 
for DMF, however, one patient experienced pancreatitis 
under TERI, and 11 (9.3%) patients using FNG had to 
stop treatment due to serious or life-threatening AEs. Of 
those 11 patients, 3 patients had cardiac adverse events, 
whereas 4 had opportunistic infections and 2 developed 
dysplasia. 

7 Teriflunomide mechanism of action: linking species’ sensitivities. ECTRIMS Online Library. (2015) [online]. Website https://onlinelibrary.ect-
rims-congress.eu/ectrims/2015/31st/115695/lynn.davenport.teriflunomide.mechanism.of.action.linking.species.sensitivities.html [accessed Dec. 08, 
2019].  

8  AUBAGIO® (teriflunomide). Official Healthcare Professional Site. [online]. Website https://www.aubagiohcp.com/ [accessed Dec. 08, 2019].  

4. Discussion
MS is known to affect women more commonly than men 
(ratio 2.3:1) [14]. 70.5% of whole patients in this study and 
more than 60% of patients in each treatment group were 
females. 

Patients using TERI were statistically significantly 
older (p = 0.001). The mean age of MS patients in TEMSO 
(Study of Teriflunomide in Reducing the Frequency of 
Relapses and Accumulation of Disability in Patients With 
Multiple Sclerosis) trial ranged from 37.6 to 39.6 and the 
mean age of participants from all over the world except for 
the United States in TERI-Pro Phase 4 trial was 42.9 [8,15]. 
In line with data from previous studies regarding the mean 
age of patients under TERI treatment, the mean age to 
start TERI was 40.1 in our study. This is thought to be a 
result of possible teratogenic side-affects and clinicians 
refrain from starting TERI for women of childbearing age. 
Embryo-fetal toxicity and malformations in rats have been 
associated with teriflunomide exposure and because of 
that, it is contraindicated in pregnant women or women 
of childbearing potential who are not using reliable 
contraception78. 

Twelve (27.3%) patients under TERI treatment reported 
22 AEs. In this study, the most common AEs for TERI 
were alopecia (13.6%), abdominal pain (4.6%), menstrual 
irregularity (4.6%), and diarrhea (4.6%). Our findings 
differ from nine-year follow-up of the randomized TEMSO 
study which revealed that almost 90% of the participants 
reporting at least 1 AEs and the most common AEs being 
nasopharyngitis, headache, and alanine aminotransferase 
(ALT) increase [8]. Moreover, the incidence of any AE was 
as high as 84.6% in TERI-Pro Phase 4 trial and AE profile 

Table 1. Comparison of demographic and clinical baseline data between treatment groups.

TERI FNG DMF p Value 

Male; n (%) 10 (22.7) 37 (31.4) 17 (33.3)
0.5

Female; n (%) 34 (77.3) 81 (68.6) 34 (66.7)
Age at the treatment start; 
Median (min, max) 

40.2 
(18.5–65.2)

35
(19.8–59.3)

31.9 
(19–58.4) 0.001

Time since diagnosis (years); Median  
(min, max)

3.6 
(0.02–21)

6.7 
(0.9–25)

4.1 
(0.02–14.4) 0.004

Time since disease onset (years); Median  
(min, max)

3.9 
(0.02–26.5)

7.2 
(1–25)

6
(0.07–17.4) 0.01

EDSS; Median (min, max) 1.5 (1–6) 2 (1–7.5) 1.5 (1–6) 0.5

FNG, fingolimod; DMF, dimethyl fumarate; TERI, teriflunomide; EDSS, expanded disability status scale
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of our study seems to be confined to that study which 
indicated the most common AEs as hair thinning (31.2%), 
diarrhea (19.1%), and nausea (7.0%)[15]. There have been 
studies indicating less frequent AE under TERI, such as 
a Danish real-life study following 102 RRMS patients 
revealing AE incidence of 47% [16]. 

ALT increase was the most common reason for TERI 
discontinuation in extended TEMSO trial [8]. In our study 
only 1 patient discontinued TERI due to ALT increase 
and the others stopped treatment because of pancreatitis, 

generalized pain and one patient stopped treatment because 
of multiple AEs including menstrual irregularity, alopecia, 
migraine attacks. 

Although mild to moderate infections could be expected, 
none of TERI using patients in our cohort reported infections. 
Hypertension in patients with no history of blood pressure 
irregularity or antihypertensive treatment was reported as an 
AE [8]. One patient experienced hypertension in our study. 

According to a previous study, 10.6% of the patients 
discontinued TERI due to AEs. In the same study, the most 

Table 2. Comparison of treatment outcome and distribution of reasons for treatment discontinuation. n (%).

TERI
(n = 44)

FNG
(n = 118)

DMF 
(n = 51)

Total
(n = 213) p

Treatment outcome
Continued 33 (75) 83 (70.3) 39 (76.5) 155 (72.8)

0.7
Cessation 11 (25) 35 (29.7) 12 (23.5) 58 (27.2)
Reason for treatment discontinuation
Adverse event 4 (9.1) 14 (11.9) 4 (7.8) 22 (10.3)

0.9

Nonadherence 1 (2.3) 2 (1.7) 0 (0) 3 (1.4)
Persistence of relapses 2 (4.6) 2 (1.7) 3 (5.9) 7 (3.3)
Persisting MRI activity 0 (0) 1 (0.9) 1 (2) 2 (1)
Pregnancy confirmed 0 (0) 3 (2.5) 0 (0) 3 (1.4)
Pregnancy planning 0 (0) 1 (0.9) 1 (2) 2 (1)
Progression of disease 4 (9.1) 10 (8.5) 3 (5.9) 17 (8)

Figure. Distribution of the most common treatment discontinuation reasons in ended treatment cycles. 
TERI, teriflunomide; FNG, fingolimod; DMF, dimethyl fumarate
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common reasons for treatment discontinuation were adverse 
events (10.6%), lack of efficacy (5.3%), and other reasons 
(4.4%). Noncompliance frequency was as low as 1.1% and 
adherence to treatment was very high with 98.2% of patients 
reporting >80% compliance[17]. These treatment drop-out 
data are in accordance with our findings which indicated 
9.1% of discontinuation because of AEs in our study group. 

In TOWER (Efficacy Study of Teriflunomide in 
Participants with Relapsing Multiple Sclerosis) phase 3 trial 
incidence of serious AEs was 12% for 14 mg teriflunomide 
and in TEMSO extension trial serious AEs were reported 
by 20% of the patients. Compared to these previous phase 
3 trials frequency of serious AEs was much lower in our 
study [8,18].

Table 3. Reported adverse events under fingolimod treatment n (%).
 

Adverse events Lymphopenia 9 (7.6)

Elevated liver enzymes 5 (4.2)
Abdominal pain 3 (2.5)
Headache 2 (1.7)
Rash 2 (1.7)
Hair loss 1 (0.9)
Verricula 1 (0.9)
Diarrhea 1 (0.9)
Skin lesions 1 (0.9)
Hypercoagulability 1 (0.9)
Nasal congestion 1 (0.9)

Serious adverse events Infection 3 (2.5)
Periodontitis 1 (0.9)
Tachycardia 1 (0.9)
Bradycardia 1 (0.9)
Hypertension 1 (0.9)
Chest tightness 1 (0.9)
Paresthesia 1 (0.9)
Macular edema 1 (0.9)
Dysplastic nevus 1 (0.9)
Hyperplasia of intramammary lymph nodes 1 (0.9)

Table 4. Reported adverse events under dimethyl fumarate treatment n (%).

Adverse events Flushing 20 (39.2)
Itching 6 (11.8)
Rash 3 (5.9)
Abdominal pain 3 (5.9)
Nausea 2 (3.9)
Fatigue 2 (3.9)
Musculoskeletal pain 1 (2)
Lymphopenia 1 (2)
Tinnitus 1 (2)
Dyspepsia 1 (2)
Vomiting 1 (2)
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The safety and clinical efficacy of oral DMF were 
investigated in two randomized placebo-controlled phase 
III clinical trials, DEFINE (Efficacy and Safety of Oral 
BG00012 in Relapsing-Remitting Multiple Sclerosis) 
comparing DMF 240 mg twice daily and DMF 240 mg 
thrice daily with placebo and CONFIRM (Efficacy and 
Safety Study of Oral BG00012 with Active Reference 
in Relapsing-Remitting Multiple Sclerosis) comparing 
DMF 240 mg twice daily and DMF 240 mg thrice daily 
with glatiramer acetate in patients with RRMS [9,19]. The 
percentage of any AE for DMF 240 mg twice daily was 
96% in DEFINE and 94% in CONFIRM. In our study, 
the frequency of any AE under DMF (49%) was lower 
compared to these studies. 

DEFINE indicated the 3 most common AEs other 
than MS relapse to be flushing (38%), diarrhea (15%), 
nausea (13%), whereas the 3 most common AEs in 
CONFIRM study were flushing (31%), nasopharyngitis 
(17%) and headache (14%). In interim analysis of 
ENDORSE (BG00012 Monotherapy Safety and Efficacy 
Extension Study in Multiple Sclerosis) it was indicated 
that MS relapse and nasopharyngitis were most common 
in patients continuing DMF and flushing and GI-related 
events were more common among patients new to DMF 
[20]. Although our study did not investigate AE frequency 
regarding DMF start and continuity, our findings correlate 
with previous phase 3 trials, as the most common AEs were 
either skin-related or gastrointestinal (GI) related events. 
The most common AEs in our study were flushing (39%), 
itching (11.8%), rash (5.9%), abdominal pain (5.9%), 
and nausea (3.9%). None of our DMF using patients 

experienced a serious AE. However, it was shown that 18% 
of patients in DEFINE and 17% of patients in CONFIRM 
had a serious AE. 

Time since disease onset and time since diagnosis were 
found to be longer for FNG using patients which might 
be the result of FNG’s approval as a second-line treatment 
agent by the Turkish Ministry of Health. Although FNG 
was administered later during the disease process, there 
was no disability difference between treatment groups. 
Besides, treatment duration for FNG was calculated to be 
significantly longer which could be speculated to be the 
consequence of FNG being a more potent DMT[21]. 

In this study, 28% of FNG using patients reported at 
least one AE and 9.3% of patients experienced a serious 
AE which led to treatment cessation. In the extension 
of randomized TRANSFORMS (Efficacy and Safety of 
Fingolimod in Patients With Relapsing-remitting Multiple 
Sclerosis With Optional Extension Phase) study the 
incidence of overall AEs was 94.7% and the frequency of 
overall serious AEs was 15.4%[13]. Although the percentage 
of patients reporting at least one AE seems to be lower 
in our study, the percentage of serious AE experiencing 
patients seems to be in line with TRANSFORMS study. 
However, real-life experiences might lead to different 
results than phase 3 trials. Analyzing 240 MS patients in 
the Czech Republic it was found that 35.0% of patients 
using fingolimod reported at least one AE and 4.2% had 
serious AEs[22]. In another study, 17.0% of 271 FNG using 
patients stopped treatment due to AEs[23]. 

The serious adverse events under FNG in our study 
group were cardiac events (tachycardia for 1 patient, 

Table 5. Reported adverse events under teriflunomide treatment n (%).

Adverse events Alopecia 6 (13.6)

Abdominal pain 2 (4.6)
Menstrual irregularity 2 (4.6)
Diarrhea 2 (4.6)
Hair thinning 1 (2.3)
Abdominal distention 1 (2.3)
Paresthesia 1 (2.3)
Elevated liver enzymes 1 (2.3)
Hair loss 1 (2.3)
Generalized pain 1 (2.3)
Hypertension 1 (2.3)
Migraine 1 (2.3)
Weight loss 1 (2.3)

Serious adverse events Pancreatitis 1 (2.3)
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chest tightness for 1 patient and bradycardia for 1 
patient), opportunistic infections (for 4 patients) and 
dysplasia (dysplastic nevus for 1 patient and hyperplasia 
of intramammary lymph nodes for 1 patient). The most 
common serious AEs other than MS relapse in extended 
TRANSFORMS studies were basal cell carcinoma (1.7%), 
cholelithiasis (1.1%) and cystitis (0.6%) and breast cancer 
(0.6%) and in the previously mentioned Czech study, the 
AEs leading to discontinuation were macular edema, 
lymphopenia, liver transaminase elevation, hepatopathy, 
pain, and gynecological infection [13,22]. 

Although serious AE profiles seem to differ between 
studies the most common AEs share common features 
between different studies. In our study, the most common 
AEs under FNG treatment were persistent lymphopenia 
(7.6%), elevated liver enzymes (4.2%), abdominal pain 
(2.5%), and headache (1.7%). A German study investigating 
36 months of real-world persistence and benefit-risk profile 
of FNG indicated the most common AEs as hypertension 
(2.1%), increased hepatic enzyme levels (2.0%), and increased 
ALT levels (0.7%) [24]. In extended TRANSFORMS study, 
the most common AEs were nasopharyngitis (31.5%), 
lymphopenia (21.9%), and headache (19.4%) [13]. 

Previous studies also compared AE frequency 
and profiles, as well as drop-out rates for oral DMTs. 
Significantly more frequently reported AEs (49%) under 
DMF treatment in this study correlates with the findings 
of a previous study which showed 26.5% of DMF patients 
and 12% of patients using TERI reported at least one AE 
(p < 0.001) [25]. Nevertheless, more frequent AEs did 
not affect DMF continuation in this study, there was no 
significant difference between the 3 DMT groups regarding 
treatment outcome. This finding in our study seems to be 
in contradiction with a previous study conducted on 395 
DMF and 264 FNG patients assessing comparative efficacy 
and discontinuation. In that study, it was declared that DMF 
users were more likely to discontinue treatment because 
of intolerability [26]. Our findings regarding treatment 
discontinuation because of AEs seem to be in line with 
DEFINE (16%) and CONFIRM (12%).

High long-term adherence to treatment is crucial to 
achieve maximum disease control. Overall adherence to 
orally administered DMTs is high. In our study, only 1.4% 
of total treatment cycles ended due to nonadherence. In 
a population-based study, 11.0% of patients discontinued 
their initial oral DMT by 6 months and 19.6% discontinued 
their treatment by 12 months [27]. Noncompliance to 
injectable treatment options, which are commonly chosen 
as first-line agents, are reported to be 22.1% and in another 
study compliance rate to injection therapies was shown to 
be as low as 32.3% [7,28]. 

The main restriction of our study is the low number 
of patients. A low number of patients might influence the 

generalizability of our findings. In case of an increased 
number of participants treatment drop-out and AE rates 
might become more generalizable. Even though patients 
are questioned about possible AEs at every outpatient 
visit they were also phoned to be questioned about AEs 
they did not report and there is always a recall bias. Also, 
the cultural difference across the world might affect AE 
reporting. In the Turkish population, patients choose not 
to report an adverse event or even deny any AEs if those 
events are tolerable, or they vanish during the treatment 
process and if disease progression and relapses are well 
controlled. This might be one of the reasons for the low 
number of noncompliance and treatment drops out due 
to noncompliance in this study. Meanwhile, information 
regarding the most frequent AEs is shared with patients 
when evaluating possible treatment options. Patients 
are informed about temporary AEs and their foreseen 
duration. These factors might also increase the tolerability 
of AEs and decrease treatment drop-out due to AEs. 
We think that differences between different real-life 
studies investigating AEs might be affected by cultural 
backgrounds. 

We did not examine the relationship between 
past treatments and reported adverse events. Even 
if recommended wash-out periods when switching 
treatments were followed, especially laboratory-based AEs 
such as lymphopenia might be affected by past treatment 
agents. 

Finally, overall treatment discontinuation because of 
AEs is as low as 10.3%. However, AEs are still the main 
reason for treatment drop out. AEs should always be 
monitored, and it should be always kept in mind that 
serious and life-threatening AEs might be faced during the 
treatment process. 
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