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Abstract: Background: Immunosuppressive drugs have been used in the treatment of multiple 
sclerosis (MS) for a long time. Today, orally available second generation immunosuppressive agents 
have been approved or are filed for licensing as MS therapeutics. Due to semi-selective targeting of 
cellular processes, these second-generation immunosuppressive compounds might rather be 
immunomodulatory. For example, Teriflunomide inhibits the de novo pyrimidine synthesis and thus 
only targets rapidly proliferating cells, including lymphocytes. It is used as first line disease 
modifying therapy (DMT) in relapsing-remitting MS (RRMS). 

Methods: Review of online content related to oral immunosuppressants in MS with an emphasis on 
Teriflunomide. 
Results: Teriflunomide and Cladribine are second-generation immunosuppressants that are efficient 
in the treatment of MS patients. For Teriflunomide, a daily dose of 14 mg reduces the annualized 
relapse rate (ARR) by more than 30% and disability progression by 30% compared to placebo. 
Cladribine reduces the ARR by about 50% compared to placebo but has not yet been licensed due to 
unresolved safety concerns. We also discuss the significance of older immunosuppressive compounds 
including Azathioprine, Mycophenolate mofetile, and Cyclophosphamide in current MS therapy. 
Conclusion: Teriflunomide has shown a favorable safety and efficacy profile in RRMS and is a 
therapeutic option for a distinct group of adult patients with RRMS. 
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1. INTRODUCTION 

 Cytostatic therapies inhibit cell division and thus 
proliferation-dependent immune responses in several ways: 
Azathioprine (AZA), a purine analogue, and Mycophenolate 
mofetil (MMF), by blocking the production of guanosine 
monophosphate, eventually lead to a depletion of purine 
nucleotides within cells. Cladribine is a synthetic 
deoxyadenosine analogue. It results in intracellular 
accumulation of cladribine-phosphates interfering with DNA 
synthesis and repair and thus leading to apoptosis and 
subsequently a reduction in T and B cell numbers. It is 
currently not yet clear why the lymphocytopenia in response 
to Cladribine is sustained over months, allowing for only one 
treatment cycle per year. Teriflunomide inhibits de novo 
pyrimidine synthesis via the inhibition of dihydroorotate 
dehydrogenase (DHODH). Apart from the inhibition of  
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purine or pyrimidine synthesis, alkylating agents like 
cyclophosphamide (CYC) interfere with deoxyribonucleic 
acids (DNA), also resulting in decreased proliferation. 

 Teriflunomide is indicated for the treatment of patients 
with relapsing forms of multiple sclerosis (MS) and is orally 
applied once daily. It reversibly inhibits the mitochondrial 
enzyme dihydroorotate dehydrogenase, leading to a 
decreased de novo pyrimidine synthesis. As a consequence, 
T- and B-cell activation, proliferation, and potentially 
immune responses towards autoantigens are reduced. 
Teriflunomide received approval in the USA in September 
2012, and about one year later in Europe and Canada. It is 
the main active substance of Leflunomide, which has been 
applied in the treatment of rheumatoid arthritis (RA) since 
1998 [1]. 

 The drug is used at 7 mg or 14 mg per day in the USA, 
and at 14 mg daily dose in the EU. Both doses significantly 
reduce the annualized relapse rate (ARR) and other measures 
of disease activity in relapsing-remitting MS (RRMS)  
in a dose-dependent manner. The safety profile appears 
comparable between the two groups, although during clinical 
trials, adverse events occurred slightly less frequent in case 
of treatment with 7 mg daily. This review provides an  
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overview on pharmaceutical and clinical effects of 
Teriflunomide in animal models and clinical trials and the 
role of other oral immunosuppressants in the treatment of MS. 

2. ORAL IMMUNOSUPPRESSANTS IN THE TREAT- 
MENT OF MS 

2.1. Azathioprine (AZA) 

 In Europe, AZA is approved as second line treatment  
of RRMS after the failure of beta interferons (IFNs) or  
in case of clinical stability during previous AZA treatment, 
but it is not approved for the treatment of MS in the USA.  
In the clinical routine, its usage is limited to very few 
circumstances, like in patients suffering from additional 
other autoimmune diseases. The antimetabolite AZA is the 
prodrug to 6-mercaptopurine (6-MP). 6-MP works by 
blockage of purine nucleotide synthesis. Other metabolites of 
AZA such as thioguanosine triphosphate and thioinosinic 
acid interfere with DNA replication as "false" substrates 
(Fig. 1). 

 After the development of 6-mercaptopurin (6-MP) in 
1951 by Gertrude B. Elion and George H. Hitchings, who 
both later won the Nobel Prize for their discoveries of 
important principles in drug treatment, and the detection  
of a more favorable safety and efficacy profile of AZA as 
compared with 6-MP [2, 3], it has been applied in various 
indications. Most importantly, the steroid sparing purine 

analogue is used after renal homotransplantations, in 
hematologic malignancies, rheumatoid arthritis (RA) and 
inflammatory bowel disease, as well as other autoimmune 
diseases like myasthenia gravis. 

 Like Teriflunomide, AZA blocks only the de novo synthesis 
of nucleobases and its effect is therefore mostly limited  
to rapidly dividing lymphocytes. The so-called salvage 
pathway of nucleoside generation remains unaffected. Here, 
the cells recycle nucleosides from the degradation of DNA 
and RNA molecules. The salvage pathway is sufficient to 
meet the needs in nucleosides in resting lymphocytes or 
during homeostatic proliferation. 

 The first use in MS was reported after clinical trials in the 
early 1990s, but the usage of AZA in MS is significantly 
limited due to the lack of data from clinical trials meeting 
current quality standards [4, 5]. A Cochrane report summarized 
results from five trials containing data from more than 400 
patients over 3 years. The report described ARR reductions 
of 20%, 23%, and 18% in the first, second, and the third 
year, respectively [6]. Data from only 87 patients were found 
to report on disease progression, and the relative risk reduction 
was estimated to be up to 42% during the three years of 
study time [6]. 

 In a comparative trial between IFN-beta and AZA, AZA 
showed non-inferiority with regard to the ARR in 150 MS 
patients who were randomized to receive either IFN-beta or 

 

Fig. (1). Oral immunosuppressants and their mechanism of action. Among other mechanisms, AZA - after conversion to 6-mercapto-purine 
(6-MP) - works as an antimetabolite and suppresses the production of inosinic acid needed for purine synthesis. Additional antiproliferative 
effects result from incorporation of metabolites into DNA and RNA. MMF inhibits inosine monophosphate dehydrogenase required for de 
novo synthesis of guanosine nucleotides. CYC works by alkylation of guanine bases after conversion to its active metabolite, thus interfering 
with DNA replication and resulting in apoptosis of target cells. Cladribine is an adenosine analog leading to apoptosis after accumulation of 
toxic metabolites. Teriflunomide selectively inhibits DHODH required for de novo synthesis of pyrimidine nucleotides. Blue lines indicate 
inhibitory mechanisms of older substances; red lines indicate mechanism of inhibition by "novel" compounds. 
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AZA [7]. Various imaging outcomes remained below the 
non-inferiority margin, indicating non-inferiority to IFN-beta 
by at least 73% efficacy. However, the number of adverse 
events was significantly higher during AZA treatment and 
particularly nausea and vomiting, as well as changes in blood 
count were more frequent with AZA [7]. Due to the low 
number of patients in this study, the data were insufficient to 
draw reliable conclusions. A comparison of the two drugs 
has also been performed in an indirect meta-analysis with 
regard to the relapse rate at 24 months, where again no 
inferiority was detected. On the contrary, AZA appeared to 
be more efficient than IFN-beta with a relative risk (RR) of 
0.88 (95% CI: 0.78 to 1.08) [8]. Still, the study was based on 
information from patients with all types of MS, since no data 
on relapsing disease forms were available for AZA. Besides 
its potential in MS monotherapy, attempts to combine AZA 
with an established IFN treatment have been made on 15 
patients [9]. The data suggested positive imaging effects and 
there were no serious adverse events, but 20% of the patients 
discontinued the therapy due to side effects. Over all, 
combinational therapy did not reach implementation into 
clinical practice and was not recommended in medical 
guidelines. Since the risk of malignancies increases with 
longterm treatment [10], a total of 10 years or life time dose 
of more than 600 g are not recommended. Generally, further 
large-scale trials would be needed to conclusively assess 
AZA in MS therapy in an evidence-based manner. 

 While not used in the clinical routine of MS therapy, 
AZA is a useful option in other inflammatory demyelinating 
conditions such as neuromyelitis optica (NMO). In NMO, 
AZA has shown positive effects on disease exacerbations in 
several smaller studies [11-13]. In 2011, Constanzi et al. 
published the follow-up results on 99 AZA-treated NMO 
patients with class IV evidence for effectiveness in relapse 
rate reduction. AZA showed a significant and dose-
dependent ARR reduction from 2.20 to 0.52 relapses per 
year in NMO patients when applied with at least 2 mg/kg 
body weight/day [14]. 

2.2. Cyclophosphamide (CYC) 

 The nitrogen mustard prodrug CYC and its active 
metabolites like mainly 4-hydroxycyclophosphamide are 
alkylating antineoplastic agents and work by the attachment 
of an alkyl group to guanine bases of DNA (Fig. 1). Rapidly 
proliferating cells, benign or malignant, are affected by this 
mechanism and consequently undergo apoptosis. In this way, 
T and B-lymphocytes are reduced in proliferation, but also 
cytokine secretion, immunoglobulin production and finally, 
the activation of humoral and cell-mediated immunity is 
affected. An additional effect might be an induced shift from 
the autoimmunity associated Th1 helper subtypes towards 
Th2 helper cells, which potentially leads to a more favorable 
profile within the CD4+ T cell subset [15, 16]. 

 CYC has been used for the treatment of MS since the 
1970s [17, 18], and is currently only applied as third-line off 
label therapy in selected cases with fulminant disease course. 
In MS therapy, it has mostly been administered as an 
intravenous pulse at 800 mg/m2 of body surface area every 3 
to 4 weeks over 1 year [4]. In some centers, intravenous 
"induction" regimens of CYC are applied with 350 mg/m2 

per day on three consecutive days and again 3 x 350 mg/m2 
one week later. After the induction regimen, maintenance 
doses of 600 mg/m2 are used every 6 weeks depending on a 
close monitoring of the absolute leukocyte count. Oral 
administration of CYC is also possible. Oral CYC is used in 
the treatment of certain malignant lymphomas, leukemias, 
neuroblastoma, retinoblastoma and second line in minimal 
change nephrotic syndrome in children. In 1991, the first 
trial was conducted to examine the effects of oral CYC with 
plasma exchange or intravenous CYC without plasma exchange 
on the disease course of 168 patients with progressive MS 
[19]. Randomized into three groups, patients received either 
daily oral CYC with dose adjustments aiming for a white 
blood count of 4-5 x 109/l plus prednisolone and weekly 
plasma exchange, or two intravenous CYC administrations 
up to 9 g total dose with prednisolone and no plasma exchange 
or oral placebo with sham plasma exchange. This study 
failed to detect any treatment advantages with regard to 
EDSS worsening. 

 While today, a therapeutic potential of intravenous CYC 
on the disease course of highly active MS is expected from 
clinical experience, especially at the beginning of the disease 
and in pediatric patients [20, 21], fairly little is known about 
oral CYC. Therefore, oral CYC is not used in today’s MS 
care. 

2.3. Cladribine 

 Cladribine is licensed for the treatment of symptomatic 
hairy cell leukemia [22], and it can be used in chronic 
lymphocytic leukemia after insufficient response to 
treatment with alkylating antineoplastic agents. Being an 
adenosine analogue resistant to adenosine deaminase (ADA), 
it accumulates in immune cells and leads to the apoptosis of 
T and B lymphocytes (Fig. 1). First, the discovery of its 
immunosuppressive capacity dates back to the 1980s, when 
adenosine deaminase deficiency was described in patients 
with severe combined immunodeficiency (SCID) suffering 
from lymphocytopenia [23]. It was already understood, that 
SCID patients suffered from impaired lymphocyte growth 
and function, while other tissue functions were not 
compromised. This knowledge resulted in the production of 
drugs mimicking an ADA-deficient state in order to target 
lymphocytes, which could be useful in patients suffering 
from lymphoproliferative disorders. Later, the function of 
ADA was investigated in more detail, and it was discovered 
that ADA conducted the conversion of deoxyadenosine to 
deoxyinosine, changing a lymphotoxic substance into a non-
toxic metabolite [24]. 

 Sipe et al. first described the use of Cladribine in chronic 
progressive multiple sclerosis in a placebo-controlled trial in 
1994. They found positive effects on disease progression and 
MRI parameters in a small matched cohort of 24 patients, 
each receiving either cladribine or placebo [25]. Later, the 
effect on relapse rates was assessed at 96 weeks in the 
CLARITY trial (Cladribine Tablets Treating Multiple Sclerosis 
Orally) comparing two doses of Cladribine (3.5 mg/kg and 
5.25 mg/kg) to placebo [26]. Within the first 48 weeks, 
administration was conducted in a total of 4 cycles of  
either 0.875 mg/kg Cladribine, or 2 courses of placebo and 2 
courses of cladribine, or 4 courses of placebo. During the 
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second 48 weeks of the study period, patients received 2 
more courses with either cladribine or placebo, leading to a 
cumulative cladribine dose of 0 mg (placebo), 3.5 mg/kg or 
5.25 mg/kg. Cladribine was shown to reduce the ARR by 
more than 50% from 0.33 with placebo to 0.14 in the lower 
and 0.15 in the higher dose treated group. Cladribine also 
increased the number of patients who were free from 
relapses, and correspondingly increased the time to first 
relapse and the time to disability progression (defined as at 
least 3 months increase of at least 1 point in EDSS or an 
increase of at least 1.5 points if the baseline EDSS score was 
0). Imaging results displayed a strong decrease in the mean 
number of Gd-enhancing lesions by 85.7 and 87.9%. As 
expected by its mechanism of action, lymphocytopenia was 
reported as one common adverse event and appeared in 
21.6% with the lower dose of Cladribine and 31.5% in the 
higher dose treated group compared with 1.8% in the placebo-
treated group and went along with an increase in serious 
adverse events with regard to infections and infestations. 
Laboratory testing revealed severe neutropenia in three 
patients receiving Cladribine, and severe thrombocytopenia 
and pancytopenia in one patient receiving the drug. Neoplasms, 
both benign and malignant, were dose-dependently reported 
in patients treated with Cladribine at 0.9 and 1.4%, while 
there were no cases in the placebo group and there was one 
patient with severe pancytopenia and lethal exacerbation of 
tuberculosis who received one treatment cycle in the higher 
dose group. 

 Cladribine has also been investigated with regard to the 
conversion of the first demyelinating event to clinically 
definite MS (CDMS) in a multicenter, double-blind, 
randomized phase 3 trial [27]. Treatment with Cladribine at 
3.5 or 5.25 mg/kg resulted in a reduced risk of conversion to 
CDMS according to the Poser criteria with a hazard ratio 
(HR) of 0.33 and 0.38, respectively, in the 96-week double-
blind period. Accordingly, the cumulative incidence of 
conversion to CDMS was 34% with placebo, 13% with 
Cladribine 3.5 mg/kg, and 15% with Cladribine 5.25 mg/kg. 
Cladribine was again very effective with regard to imaging 
parameters: it reduced the number of new or persisting T1 
Gd-enhancing lesions by 89.3% in the 3.5 mg/kg group and 
90.5% in the 5.25 mg/kg group. In all treated 616 patients, 
412 of whom received cladribine at either 3.5 or 5.25 mg/kg 
bodyweight, only lymphocytopenia was reported at higher 
rates in the patients treated with the active substance. 5%  
and 2% of patients receiving Cladribine 5.25 and 3.5 mg/kg, 
respectively, developed lymphocytopenia as a severe 
treatment-emerging adverse event, and one patient displayed 
lymphocytopenia as a serious adverse event. This 
observation, alongside with the conclusion of a potential risk 
of adjacent malignancies and infections, ultimately led to 
early termination of the study in June 2011. Neither 
increased infections nor malignancies as a result of treatment 
with Cladribine were confirmed in a comparison of phase III 
trials of licensed MS drugs and the CLARITY trial in late 
2015 [28]. 

 Yet, due to safety concerns, the Food and Drug 
Administration (FDA) and the European Medicines Agency 
(EMA) did not approve Cladribine in 2011. As a consequence, 
Merck pulled back all marketing applications and withdrew 

it from the Russian and Australian market, where it had 
already been approved for the treatment of MS. Recently, 
based on the reanalysis of all data from clinical trials, Merck 
has announced to pursue resubmission of Cladribine for the 
treatment of RRMS for registration in Europe [29] and a 
review of the marketing authorization application has been 
accepted by the EMA recently [30]. Aside from possible 
adverse events, the significant reduction in CD4+, CD8+ and 
CD19+ lymphocytes with only partial recovery after several 
months [31, 32] make the substance an interesting drug 
candidate in MS therapy, perhaps also in the sense of an 
"induction" therapy. 

2.4. Mycophelotate Mofetile (MMF) 

 MMF is licensed to prevent organ-rejection after 
transplantation since 1995, and it is used off-label for the 
treatment of other immune-mediated diseases like lupus-
nephritis, and less frequently Behçet’s disease, pemphigus 
vulgaris, small vessel vasculitis or psoriasis. Like AZA, it 
operates via the inhibition of de novo synthesis of purine 
nucleobases. MMF and its active metabolite mycophenolic 
acid reveal immunosuppression via a selective, non-competitive 
and reversible inhibition of inosine-5'-monophosphate dehydro-
genase, leading to a decreased de novo guanosine synthesis 
and subsequently less proliferation of T and B-lymphocytes 
(Fig. 1). Additional effects include a decreased IFN-gamma 
and interleukin (IL)-6 secretion [33, 34] and a decreased B 
cell proliferation and antibody production [35]. Good efficacy 
and tolerability in the majority of patients was suggested in a 
retrospective study of 79 patients with a 77% fraction of 
patients with a secondary progressive disease course [36]. 
Later, Frohman et al. compared daily MMF at a dose of 500 
mg or later 100 mg twice daily, respectively, to once weekly 
intramuscular IFN beta-1a 30 µg in patients with relapsing-
remitting MS (RRMS) in a randomized, blinded, parallel-
group pilot trial [37]. They found no significant differences 
with regard to safety or efficacy outcomes between IFN-beta 
and the cost-effective MMF. Even a potential trend towards 
improved imaging parameters upon treatment with MMF 
was observed. 

 In a retrospective study in 344 patients, treatment with 
MMF led to a 68.1% reduction of the ARR from 1.11±0.08 
in a control period before the initiation of treatment to 
0.35±0.05 (95% CI) during 1 year of MMF therapy in a 
mixed study population of RRMS, secondary progressive 
MS (SPMS), primary-progressive (PPMS) and CIS patients. 
Adverse events, most frequently intestinal symptoms and 
asthenia, were reported in 11% of cases leading to 
discontinuation of the treatment in 7.5%. Lymphocytopenia 
led to discontinuation in half of the reported cases who 
finished the trial [38]. 

 Its use as an add-on therapy to IFN beta was assessed in a 
one-year prospective, randomized, placebo-controlled, 
quadruple-blinded, phase II trial (TIME MS) [39] enrolling 
both RRMS and CIS patients. In the small group of 24 
patients, adverse events were reported at similar rates and 
magnetic resonance imaging (MRI) as well as clinical 
outcomes were not significantly different between the IFN-
beta only treated group and patients who were co-treated 
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with MMF. However, a trend towards better stability favored 
combination therapy [39]. Another small trial with 26 
patients assessing a combination therapy was conducted by 
Etemadifar et al. who also proposed a potential benefit if 
MMF was added to weekly i.m. IFN beta-1a. Treatment was 
well tolerated in both groups receiving either IFN beta-1a 
plus placebo or plus MMF, however, the study was not able 
to detect a significant difference with regard to new T2 
lesions and disease progression [40]. Despite the very low 
sample size and short study duration of 1 year, this was  
the only placebo-controlled study found in a Cochrane  
meta-analysis on MMF in only RRMS patients with a study 
time of ≥ 6 months follow-up and was rated to be at a high 
risk of bias [41]. Thus, the lack of reliable data from 
randomized and placebo controlled trials precludes estimates 
of efficacy and safety of MMF in MS as mono- or combination 
therapy. 

 With regard to NMO, MMF is considered at least as 
efficient in preventing relapses and accumulation of disability 
as AZA [42, 43]. Multiple small and non-randomized studies 
have suggested that MMF is efficient in reducing ARR. 
Numbers vary between a reduction in ARR from 1.5 to 0.0 
(Range 0.3-11.8 to 0.0-2.6) [44], 2.66 to 0.33 [45] and 1.28 
to 0.09 [46]. As there is no approved drug for the treatment 
of NMO so far, MMF might be considered to treat patients 
NMO patients [47]. 

3. FROM LEFLUNOMIDE TO TERIFLUNOMIDE 

 Leflunomide is an isoxazol derivate with immuno- 
suppressive capacities and it is used as disease modifying-
antirheumatic drug in RA and psoriatic arthritis [48]. Its 
discovery dates back to 1978, when a potential immuno- 
suppressive effect of Leflunomide, which had initially been 
studied as an agricultural pesticide, was suspected [49]. It 
was then tested in an animal model of arthritis in Lewis rats 
and was able to prevent the onset of the disease when 
applied early after disease induction, or ease disease severity 
when applied later in the disease course [50]. Leflunomide 

has been used for the treatment of RA since 1998, but 
potential benefits in autoimmune diseases and organ 
transplantations were already discussed years earlier [51, 
52]. The biotransformation from Leflunomide to its only 
active metabolite Teriflunomide occurs in vivo by the 
opening of its isoxazole ring [53]. The result is A771726 
(Teriflunomide) in its two isoforms (Fig. 2). Subsequently, 
both drugs presumably function via the same main 
mechanism of action. Interference with pyrimidine synthesis 
and subsequently a reduced proliferation of activated 
lymphocytes was expected to bring along positive effects in 
MS and was investigated in its animal model experimental 
autoimmune encephalomyelitis (EAE) decades ago [52]. 

 Leflunomide is applied at a dose of 10-20 mg daily and 
while it is widely used in the above mentioned conditions of 
arthritis, it has also been discussed for other rheumatic 
diseases and immunologic conditions such as organ transplant 
rejections, polyoma BK virus nephropathy [54], systemic 
lupus erythematosus, and Wegener's granulomatosis [55]. 

 Due to the molecular similarity and in vivo trans- 
formation of Leflunomide to Teriflunomide (Fig. 2), it is not 
surprising, that common side effects of both drugs are 
similar. Effects of Leflunomide include for instance an 
increase in blood pressure, leukocytopenia, paresthesia, 
headache, nausea, abdominal pain, increased hair loss and 
elevation of liver parameters. All of them have been 
discussed and reported during treatment with Teriflunomide 
as well. Very rare side-effects of Leflunomide include single 
cases of toxic epidermal necrolysis (TEN) [56, 57], two cases 
of pericarditis [58], and two cases of progressive multifocal 
leukoencephalopathy (PML) [59, 60] in approximately 2.1 
million patient-years of use [61]. While there is one case of 
TEN during Teriflunomide treatment, pericarditis and PML 
have not yet been reported in patients receiving Teriflunomide. 
 The rate and extent of drug absorption have been 
investigated for Teriflunomide and no significant differences 
were found as compared to Leflunomide [62]. Considering a 
potentially equivalent safety profile and similar phar- 

 

Fig. (2). Chemical structure and conversion of Leflunomide to both isoforms of Teriflunomide. 
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macokinetics, patients under treatment with Teriflunomide 
might benefit from longterm-experience in the use of 
Leflunomide, which has been shown in a five-year follow-up 
study on Leflunomide in RA [63]. However, Leflunomide 
has been shown to function as an agonist at the aryl 
hydrocarbon receptor (AhR) [64], which is known to be 
involved in various immunologic processes as well as drug 
metabolism like for instance the biotransformation of 
Leflunomide to Teriflunomide. Teriflunomide in contrast to 
Leflunomide failed to signal via the AhR [65]. Thus, along 
with their distinct chemical structure both drugs seem to 
differ in several ways. 

4. CLINICAL PHARMACOLOGY OF TERIFLUNOMIDE 

 Teriflunomide is a malononitrilamide and works as an 
inhibitor of DHODH, an enzyme required for de novo 
pyrimidine synthesis. Steady-state concentrations are 
reached after approximately 3 months, but this can be 
accelerated with a loading dose of 70 mg daily for 5 days. 
Following this procedure, steady-state serum levels of at 
least 39.1 µg/ml are achieved after 6 days. In the same study, 
Teriflunomide was still detectable at more than 30 µg/ml 
after drug withdrawal of 8 days [66]. The half-life is  
long with around 18-19 days, and serum-levels decrease 
below levels of 0.02 µg/ml after 8 months of treatment 
discontinuation if no rapid elimination procedure is 
performed. In individual cases, Teriflunomide has still been 
detectable up to 2 years after the last drug intake [67, 68]. 
One reason for long-lasting presence in plasma is the 
enterohepatic recirculation, since elimination occurs mainly 
through biliary excretion [69]. Oral bioavailability is close  
to 100%, and peak doses are reached about 1-4 hours after 
drug intake [61]. With more than 99%, Teriflunomide is 
extensively bound to plasma proteins. 

 Accelerated elimination is performed if patients plan to 
become pregnant or if fast drug elimination is clinically 
indicated, e.g. due to side effects. Oral cholestyramine is 
then applied at 8 g three times daily for 11 days, leading to a 
reduction of more than 98% of the plasma concentration 
[70]. Alternatively, activated charcoal can be applied at 50 g 
twice daily for 11 days. 

5. MODE OF ACTION 

 The exact mechansim of action of Teriflunomide in MS 
is still not completely understood. However, the selective 
and reversible inhibition of DHODH, leading to an inhibition 
of de novo pyrimidine synthesis and consequently reduced B 
and T lymphocyte proliferation appears a key mechanism of 
action [71, 72]. 

 DHODH is a mitochondrial enzyme which catalyses the 
oxidation from dihydroorotate to orotic acid, while NAD+ is 
reduced to NADH. Lymphocyte activation induces DHODH 
activation and subsequently increased synthesis of the 
pyrimidine molecules thymine and cytosine, enabling DNA 
replication and rapid proliferation. Relying on inhibition of 
de novo pyrimidine synthesis, Teriflunomide affects strongly 
proliferating T and B-lymphocytes. The function of resting 
and slower dividing T cells, using the salvage pathway and 
thus synthesizing nucleotides from intermediates from 

degradation of DNA and RNA without the use of DHODH, 
remains largely unaffected, which might potentially limit the 
effects of Teriflunomide to highly proliferative immune cells 
[73]. 

 Other frequently dividing cells, like those in mucosal 
tissue, express less DHODH and are thus less dependent  
on de novo pyrimidine synthesis. In vitro, proliferation of  
T and B cells was limited according to the Teriflunomide 
concentration, but viability was not affected. 

 Effects of Teriflunomide on immune cell subsets in vivo 
include a reduction in the frequencies of T and B lympho- 
cytes. In 38 patients receiving Teriflunomide for 12 and 24 
weeks, this effect was especially pronounced in Th1 cells 
and was accompanied by a relative increase in Tregs. (TERI-
DYNAMIC, NCT01863888) [74]. The same study has also 
shown a reduced clonal diversity with regard to the CD4+ T 
cell repertoire, while ex vivo proliferation and cytokine 
secretion were not altered. 

 Other effects of Leflunomide were discovered in in vitro 
assays by Li et al. and comprise a reduced release of the 
proinflammatory cytokines IL-6, IL-8 and monocyte 
chemotactic protein-1 [75], while other cytokines were not 
affected. However, in line with a less inflammatory cytokine 
milieu, Leflunomide appeared to induce a shift from Th1 
towards Th2 differentiation in vitro and enhanced the 
function of Th2 effector cells in vivo [76]. Since this effect 
could be abrogated by the addition of uridine triphosphate, 
which substitutes for the depletion of pyrimidines, it is most 
likely related to the inhibition of DHODH. Contrarily, the 
ability of Teriflunomide to potentially decrease intracellular 
protein aggregation as a typical component of neuro- 
degenerative polyglutamine (polyQ) diseases like spinobulbar 
muscular atrophy or Huntington's disease appeared 
independent of its effects on pyrimidine synthesis in vitro 
[77]. Underlying mechanisms how Teriflunomide inhibited 
aggregation and decreased aggregate size of polyQ 
aggregates in this study are not clear, but the authors 
suggested that Teriflunomide prevented the incorporation of 
new polyQ into existing aggregates rather than disintegrating 
already formed aggregates. There have been multiple 
potential additional effects of Leflunomide/Teriflunomide, 
such as an inhibition of protein tyrosine kinases [78, 79] 
resulting in decreased IgG1 secretion of stimulated B cells via 
a reduction of JAK3 and STAT6, or an inhibition of the 
mitogen-activated protein kinase (MAPK) and nuclear 
factor-kappa B (NF-κB) pathways [80, 81], an inhibition of 
cyclooxygenase-2 [82], interference with the kynurenine 
pathway [83], and decreased T cell receptor (TCR)/CD3-
mediated calcium mobilization during formation of the 
immunological synapse [84]. However, all these effects were 
observed in vitro at much higher concentrations than those 
required to block DHODH. 

6. LEFLUNOMIDE AND TERIFLUNOMIDE IN 
ANIMAL MODELS OF MS 

 Dark agouti (DA) rats have been used for the induction 
of a relapsing-remitting disease course in EAE and provided 
information on therapeutic effects of Teriflunomide. Already 
in 1997, a DHODH dependency was shown by a reversal of 
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anti-proliferative Leflunomide effects after intraperitoneal 
injection of uridine 4 and 24 hours after drug treatment [85]. 
Animal models have shown a decreased IFN-gamma 
production along with an increase in IL-10 secretion and 
clinically improved disease course in EAE upon treatment 
with Leflunomide [86]. 

 Rats treated with Teriflunomide exhibited less spinal 
cord infiltration of T cells, NK cells and macrophages [87]. 
In line with this, reduced inflammation, demyelination, and 
axonal loss in histopathological analyses have been found 
with Teriflunomide as well as a delayed onset of EAE and 
decreased disease severity when rodents had received oral 
Teriflunomide at a dose of 3 and 10 mg/kg. When 
administered at the onset of disease or at disease remission, 
Teriflunomide still led to better maximal and cumulative 
disease scores [88]. Other measures of demyelination, like 
decrease in latency of motor-evoked potentials induced by 
transcranial magnetic stimulation, were as well improved 
with Teriflunomide in DA rats [89]. 

 Flow cytometric analysis revealed, that C57BL/6 mice 
treated with Teriflunomide hold less antigen-presenting cells 
in their Peyer's patches, while the fraction of CD39+ Foxp3+ 
regulatory T cells increased. Furthermore, adoptive transfer 
of CD39+ T cells isolated from the gut-associated lymphoid 
tissue (GALT) from Teriflunomide-treated mice reduced 
EAE severity both if administered before disease induction 
or at onset of EAE compared with adoptive transfer of 
CD39+ T cells isolated from vehicle-treated animals. Thus, 
Teriflunomide might alter both the frequency and the 
potency of regulatory GALT derived T cells in mice [90]. 

7. CLINICAL EFFECTS OF TERIFLUNOMIDE IN MS 

7.1. Phase 2 Trials 

 The efficacy and safety of Teriflunomide was first 
assessed starting April 2001 with a randomized, placebo-
controlled and double blind phase 2 clinical trial (Table 1) 
[91]. 179 patients, out of those 157 patients with RRMS and 
22 patients with SPMS with relapses, received placebo, 
Teriflunomide 7 mg, or Teriflunomide 14 mg daily (with 
twice the dose during the first week) for 36 weeks. The 
number of combined unique (CU) active lesions showed a 
decrease from an average of 2.68 to 1.04 and 1.06 for 
Teriflunomide 7 mg and 14 mg, corresponding to a relative 
reduction of 61.1% and 61.3%, respectively. Also secondary 
imaging endpoints like the median number of T1 Gd-
enhancing lesions, new enlarging T2 lesions or the T2 lesion 
volume showed significant benefits from Teriflunomide 
treatment. The ARR was by trend reduced from 0.81 (SD ± 
1.22) to 0.58 (SD ± 0.85) and 0.55 (SD ± 1.12), which was, 
however, not significant. Besides clinical and MRI 
outcomes, there was an excellent compliance noted, with 
more than 98% of correct intake of the study medication. 

 With regard to long-term safety there is experience from 
an open-label long term extension study of a phase 2 trial 
[91, 92]. Clinical activity in the 147 patients entering the 
follow up study was generally similar to the initial trial over 
a follow-up of up to 8.5 years. 

7.2. TEMSO 

 The randomized, double-blind, placebo-controlled 
TEMSO study (Teriflunomide Multiple Sclerosis Oral) 
(Table 1) [93] was the first phase 3 study to assess the safety 
and efficacy of Teriflunomide in adult patients with MS. 
Inclusion criteria contained the diagnosis of MS according to 
the McDonald criteria, an EDSS score of 5.5 or less and 
disease activity proven by either one or more relapses within 
the past year or two or more relapses within the last two 
years, but no relapse during the past 60 days before 
enrollment. All together 1088 patients were enrolled into one 
of the three study arms and subsequently treated with 
placebo, Teriflunomide 7 mg or Teriflunomide 14 mg per 
day for 108 weeks. 

 Teriflunomide reduced the ARR (primary endpoint), 
from 0.54 relapses in the placebo group to 0.37 relapses 
([95% CI 0.32–0.43] for 7 mg daily and [95% CI 0.31–0.44] 
for 14 mg daily), leading to an ARR reduction of 31.2% and 
31.5% when applied at 7 mg and 14 mg, respectively. 
Disability progression with an increase in EDSS of at least 1 
point (or 0.5 points in patients with an EDSS > 5.5) over at 
least 12 weeks was defined as key secondary endpoint, and 
was 27.3% with placebo compared to 21.7% in the 7 mg 
Teriflunomide group and 20.2% in the 14 mg Teriflunomide 
group. Accordingly, disability progression was reduced by 
23.7% and 29.8% by Teriflunomide 7 mg and 14 mg. The 
proportion of patients without relapses during the 108 weeks 
of the study was bigger in the treated groups (Hazard ratio 
vs. placebo was 0.76 and 0.72). Patients reported no 
significant improvement on a fatigue impact scale (FIS). 
Taken together, treatment with Teriflunomide led to a 
modest reduction of clinical disease activity comparable with 
effects from injectable disease modifying therapies. 

 Teriflunomide also improved several measures of disease 
activity in MRI in the TEMSO study. Patients receiving 
Teriflunomide at 7 mg and 14 mg daily displayed a reduced 
change in total lesion volume over the study period. While 
the lower dose reduced the increase in lesion volume 
compared to baseline by 39.4%, the 14 mg daily dosage 
achieved a 67.4% reduction in change of lesion volume 
compared to placebo. The number of Gd-enhancing lesions 
per T1-weighted scan was 0.57 and 0.26 in Teriflunomide 7 
mg and 14 mg groups, respectively, compared to 1.33 in the 
placebo group. Accordingly, the relative risk was 0.43 and 
0.2. There were also fewer unique active lesions per scan. 
Solely changes in brain atrophy compared to baseline were 
not significantly different among the groups. Beneficial 
effects of Teriflunomide on MRI measures were additionally 
seen in a dose dependent manner for the proportion of 
patients free from Gd-enhancing lesions, the increase in T1-
lesion volume from baseline to week 72 and changes in the 
Z4 score, a composite MRI score taking into account various 
parameters of disease burden and activity [94] in the same 
study population [95]. 

 Results obtained in the TEMSO study were verified in a 
long-term extension study [96]. 742 patients (68% of the 
initially randomized patients and 93% of patients completing 
the TEMSO trial) entered the extension phase and were 
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Table 1. Clinical phase 2 and 3 trials on Teriflunomide in MS. 

Study 
Name  

Design/ Study 
Phase 

Arms Patients 
Enrolled  

Treatment 
Duration 

Primary 
Endpoint and 
Result 

Key Secondary Endpoints and Results Time of 
Patient 
Assignment 

ClinicalTrials. 
gov 

Identifier 

Phase 2 
"proof of 
concept" 
[91] 

  

Multicenter, 
randomized, 
double-blind, 
placebo-
controlled 
phase 2 trial 

1:1:1 

Teriflunomide  
7 mg, 
Teriflunomide 
14 mg, Placebo 

179 RMS 
patients: 157 
RRMS, 22 
SPMS with 
relapses 

36 weeks Reduction of 
61.3% (7 mg) 
and 61.1% (14 
mg) of CU active 
lesions per MRI 
scan 

Clinical outcomes 

- By trend fewer relapses 

- Fewer patients with disability increase 
in the 14 mg/d group 

- By trend ARR reduction (n.s.) 

Imaging parameters 

- Fewer Gd-enhancing lesions 

- Fewer new or enlarging T2 lesions 

- Fewer new T2 lesions 

04/2001 – 
03/2003 

NCT01487096 

Long-term-
follow up on 
phase 2 
study [92] 

Multicenter, 
randomized, 
open-label 
phase 2 
extension of 
NCT01487096 
[88] 

Teriflunomide  
7 mg, 
Teriflunomide 
14 mg 

147 RMS 
patients who 
had 
completed 
NCT014870
96  

Up to 8.5 
years; 

372 week 
evaluation 
period  

Safety 
assessment, 
serious TEAE 
occurred at 
35.5% (7 mg) 
and 28.8% (14 
mg) 

Clinical outcomes 

- ARR remained lowered throughout 
entire study period 

- Minimal disability progression 
throughout entire study period 

Imaging parameters 

- Less reduction in cerebral volume with 
14 mg 

- Smaller increase in T2 lesion volume 
with 14 mg 

03/2003 NCT00228163 

  

TEMSO 
[93] 

Multicenter, 
randomized, 
double-blind, 
placebo-
controlled 
phase 3 trial  

1:1:1 

Teriflunomide  
7 mg, 

Teriflunomide 
14 mg, 

Placebo 

1088 RMS 
patients with 
or without 
progression 

108 weeks ARR RR of 
31.2% (7 mg) 
and 31.5% (14 
mg) 

Clinical outcomes 

- Number of patients without relapses at 
108 weeks is improved with a HR of 
0.76 (7 mg) and 0.72 (14 mg) 

- HR of sustained disability progression 
is reduced by 23.7% (7 mg) and 29.8% 
(14 mg) 

- HR reduction of sustained disability 
progression of 23.7% (7 mg, n.s.) and 
29.8% (14 mg) 

Imaging parameters 

- RR of total lesion volume change from 
baseline of 39.4% (7 mg) and 67.4% 
(14 mg) 

- RR of Gd-enhancing T1 lesions of 57% 
(7 mg) and 85% (14 mg) 

09/2004 – 
03/2008 

NCT00134563 

Long-term 
safety and 
efficacy, 9 
year follow-
up of 
TEMSO 
[96] 

  

Randomized, 
dose-blind, 
controlled 
phase 3 trial  

Teriflunomide  
7 mg, 
Teriflunomide 
14 mg; 

Original 
TEMSO dose 
was maintained, 
plus 1:1 
randomization 
of patients 
previously 
receiving 
placebo 

742 RMS 
patients 

Up to 9 
years, 
median 190 
weeks 

Adverse events 
were comparable 
to those in 
TEMSO (Class 
III evidence) 

- Drop of ARR in patients who were 
switched from placebo to 
Teriflunomide 

- Stable ARR in patients during 
treatment 

- 63% of patients initially randomized in 
the TEMSO study remained on 
treatment 

- Probability of 12-week disability 
progression stable ≤ 0.48 

- No Gd-enhancing lesions in >80% of 
patients throughout the study 

Core: 
09/2004 – 
03/2008 
(TEMSO), 

Extension: 
03/2008 – 

06/2013 

  

NCT00803049 

(Table 1) contd…. 
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Study Name  Design/ 
Study Phase 

Arms Patients 
Enrolled  

Treatment 
Duration 

Primary 
Endpoint and 
Result 

Key Secondary Endpoints and Results Time of 
Patient 
Assignment 

ClinicalTrials. 
gov 

Identifier 

TOWER [97] Multicenter, 
randomized, 
double-
blind, 
placebo-
controlled 
phase 3 trial 

1:1:1 

Teriflunomide  
7 mg, 

Teriflunomide 
14 mg, 

Placebo 

1169 RRMS 
patients 

48 weeks ARR RR of 
22.3% 

(7 mg) and 
36.3% (14 mg) 

Clinical outcomes 

- Time to sustained disability is improved 
significantly only with 14 mg (HR 0.68) 

- Proportion free from relapse at 48 weeks 
is reduced in both doses (HR 0.70 for 7 
mg and HR 0.63 for 14 mg) 

- Proportion free from sustained 
accumulation of disability at 108 weeks 
is not significantly improved with 78.9% 
(7 mg) and 84.2% (14 mg) vs. 80.3% 
(placebo) 

09/2008 – 
02/2011 

NCT00751881 

TOPIC [98] Multicenter, 
randomized, 
double-
blind, 
placebo-
controlled, 
phase 3 trial 

1:1:1 

Teriflunomide  
7 mg, 

Teriflunomide 
14 mg, 

Placebo 

618 CIS 
patients 

Up to 108 
weeks 

Time to relapse 
and conversion 
to clinically 
definite MS 
with a RR of 
37.2% (7mg) 
and 42.6% (14 
mg) 

  

Clinical and imaging Parameters 

- RR of time to relapse or MRI lesion of 
31.4% (7 mg) and 34.9% (14 mg) 

Clinical outcomes 

- RR in ARR of 33.1% (7 mg, n.s.) and 
31.9% (14 mg, n.s.) 

- No significant RR in disability 
progression over 12 weeks (2.2% for 7 
mg, n.s. and 29.9% for 14 mg) 

Imaging Parameters 

RR of number od Gd-enhancing T1 lesions of 
21.4% (7 mg, n.s.) and 58.5% (14 mg) 

02/2008 –
08/2012 

NCT00622700 

TENERE [99] Multicenter, 
randomized, 
rater-blinded 
phase 3 trial 

1:1:1 

Teriflunomide  
7 mg, 

Teriflunomide 
14 mg, 

IFN β-1a 44 µg 
three times  
per week s.c. 

324 RMS 
patients with 
or without 
progression 

Variable, 
48 weeks 
after 
randomizati
on of the 
last patient, 
median 
exposure 
>60 weeks 

No difference 
in time to 
failure, defined 
as first relapse 
or permanent 
treatment 
discontinuation 

  

Clinical outcomes 

- Adjusted ARR was n.s. between IFN β 
(0.22) and 14 mg (0.26), but higher with 
7 mg (0.41, p versus IFN β 0.03) 

- Treatment discontinuation was highest 
with IFN β (24%), 6.4% with 7 mg and 
13.5% with 14 mg 

Patient satisfaction 

- Increased TSQM with both doses of 
Teriflunomide 

- Less fatigue in FIS score with 
Teriflunomide 7 mg 

04/2009 – 
09/2011 

NCT00883337 

Teriflunomide 
as add on to 
IFN β [102] 

Multicenter, 
randomized, 
placebo- 
controlled, 
double-blind 
phase 2 trial 

1:1:1 

IFN β + placebo, 

IFN β + 

Teriflunomide  
7 mg, 

IFN β + 

Teriflunomide 
14 mg  

118 RMS 
patients with 
or without 
progression 

24 weeks 
plus 24 
weeks 
extension 

Class II 
evidence that 
Teriflunomide 
added to IFN β 
is safe 

Same 
frequency of 
treatment 
discontinuation 
due to TEAEs 
among all three 
groups 

  

TEAE 

- Slightly higher frequency of TEAE in 
combination therapy 

- Same frequency of TEAE leading to 
discontinuation 

- Infections and hematologic disorders 
occurred more often in dual treated 
groups 

Clinical outcomes 

- By trend lower ARR with of 32.6% (IFN 
β + 7 mg, n.s.) and 57.9% (IFN β + 14 
mg, n.s.) compared with IFN β + placebo 

Imaging parameters 

- RR of Gd-enhancing T1 lesions of 84.6% 
(IFN β + 7 mg) and 82.8% (IFN β + 14 
mg) 

10/2007 – 
04/2010 

NCT00489489 
(24 week) 

NCT00811395 
(24 week 
extension) 

(Table 1) contd…. 



From Leflunomide to Teriflunomide Current Neuropharmacology, 2017, Vol. 15, No. 6    883 

Study Name  Design/ 
Study Phase 

Arms Patients 
Enrolled  

Treatment 
Duration 

Primary 
Endpoint and 
Result 

Key Secondary Endpoints and Results Time of 
Patient 
Assignment 

ClinicalTrials. 
gov 

Identifier 

Teriflunomide 
as add on to 
GA [101] 

Multicenter, 
randomized, 
placebo-
controlled, 
double-blind 
phase 2 trial  

1:1:1 

GA + placebo, 

GA + 

Teriflunomide  
7 mg, 

GA + 

Teriflunomide 
14 mg  

123 RMS 
patients with 
or without 
progression 

24 weeks Acceptable 
safety profile 

TEAE 

- 2 TEAE leading to discontinuation with 
GA + placebo vs. 3 and 5 with GA + 7 
mg and 14 mg 

Imaging parameters 

- RR of Gd-enhancing T1 lesions of 64% 
(GA + 7 mg) and 47% (14 mg, n.s.) 

04/2007 – 
12/2008 

NCT00475865 

Long Term 
safety of 
Teriflunomide 
when added 
to IFN β or 
GA [104] 

Multicenter, 
randomized, 
placebo-
controlled, 
double-blind 
phase 2 trial  

1:1:1:1:1:1 

IFN β + placebo, 

IFN β + 
Teriflunomide  
7 mg, 

IFN β + 
Teriflunomide 
14 mg, 

GA + placebo, 
GA + 
Teriflunomide  
7 mg, 

GA+ 
Teriflunomide 
14 mg  

182 RMS 
patients who 
had 
completed 
NCT004894
89 or 

NCT004758
65 and 
wished to 
continue  

48 weeks TEAE similar 
among all 
groups 

Safety profile 
as expected by 
known side 
effects of 
monotherapies 

Clinical outcomes 

- ARR was highest with GA + 14 mg 
(0.497) 

- All other groups showed by trend ARR 
reductions in combination therapies 
(ARR IFN β + placebo: 0.343, + 7 mg: 
0.231, + 14 mg: 0.144, GA + placebo: 
0.420, + 7 mg: 0.262) 

- No advantage with regard to disability 
progression in combination therapies 

Imaging parameters 

- By trend reduced number of Gd-
enhancing T1 lesions in combination 
therapies 

04/2007 – 
04/2010 

NCT00811395 

TERIVA 
[105] 

Multicenter, 
non-
randomized, 
open-label 
phase 2 trial 

1:1:1 

IFN β, 
Teriflunomide  
7 mg, 

Teriflunomide 
14 mg 

128 RMS 
patients 
from 
NCT002281
63 and 
NCT008030
49 and IFN 
β receiving 
patients 

28 days Sufficient anti-
H1N1 and B 
strain-
antibodies in 
all groups 

H2N3 
seroprotection 
achieved by 
76.9% (14 mg) 
and ≥90% (7 
mg or IFN β) 

- By trend lower percentage of patients 
with ≥ 4 fold in AB titer increase in 
Teriflunomide-treated groups 

By trend lower pre vs. post vaccination ratios 
in geometric mean titers in Teriflunomide-
treated groups  

09/2011 – 
01/2012 

NCT01403376 

  

Abbreviations: Annualized relapse rate (ARR), risk reduction (RR), relative risk reduction (RRR), Combined unique (CU), Treatment Satisfaction Questionnaire for Medication 
(TSQM), Hazard ratio (HR), Fatigue impact scale (FIS), Treatment-emergent adverse events (TEAE), glatiramer acetate (GA). 

 
followed up for a maximum of 325 weeks. Teriflunomide 
showed the same side-effects as expected from the core 
study and maintained stable efficacy with regard to clinical 
and imaging parameters (Table 1). 

7.3. TOWER 

 The randomized, double-blind, placebo-controlled 
(TOWER) study (Teriflunomide Oral in people With 
relapsing multiplE scleRosis) (Table 1) [97] was an 
additional phase 3 study aiming to provide further 
information on safety and efficacy of Teriflunomide in adult 
patients with RRMS at once daily oral application of 7 or 14 
mg. Inclusion criteria contained the diagnosis of RRMS with 
an EDSS of up to 5.5 with activity proven by at least one 
relapse during the last year or 2 relapses during the past 2 
years. Taken together, 1169 patients were enrolled with at 
least 370 patients in each of the three groups treated with 

placebo, Teriflunomide 7 mg, or Teriflunomide 14 mg. 
Teriflunomide was applied over a variable period of time 
and at least 48 weeks. 

 The study showed with its primary endpoint a significant 
ARR reduction (presented as the number of relapses per 
patient-year) of 22.3% and 36.3% for Teriflunomide 7 mg 
and 14 mg, respectively. The ARR in the placebo group was 
adjusted to 0.5. The time to sustained accumulation of 
disability was measured as an increase in the EDSS of at 
least 1 point for at least 12 weeks and served as major 
secondary endpoint. Only the 14 mg group achieved a 
significant increase in time to disability progression (hazard 
ratio 0.68 [95% CI 0.47-1.00] log rank p=0.0442). No 
significant difference was seen with the 7 mg dosage 
(p=0.7620). Significant changes in the Short Form-36 (SF-
36) mental health summary score were only observed in the 
14 mg Teriflunomide group when measured from baseline to 
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the last patient visit. There was no significant difference 
from baseline to week 48, and no differences were detected 
for the SF-36 physical health summary score for any dosage 
and any duration. In contrast to the TEMSO study, there was 
a detectable improvement of fatigue impact scale from 
baseline to last visit in the 14 mg Teriflunomide group. 

 Other secondary endpoints contained the time to first 
relapse, which was significantly prolonged with a hazard 
ratio of 0.7 and 0.63 for Teriflunomide 7 mg and 14 mg, 
respectively. There was a therapeutic effect of Teriflunomide 
14 mg on change in EDSS score from baseline to week 48 
(p=0.0429). 

 Taken together, both doses of Teriflunomide had an 
effect on certain parameters of disease activity, but the 14 
mg daily dose presented stronger clinical effects particularly 
on relapses and disease progression than Teriflunomide 7 mg 
daily. There were no MRI endpoints defined in the TOWER 
study. 

7.4. TOPIC 

 The use of Teriflunomide in patients with CIS, i.e. a  
first clinical sign suggestive of MS, was investigated in the 
randomized, double blind, placebo-controlled TOPIC study 
(TeriflunOmide vs. Placebo In patients with first Clinical 
symptom of MS) (Table 1) [98]. 618 patients were randomly 
assigned and received either placebo, Teriflunomide at 7 mg 
or Teriflunomide at 14 mg once daily. As expected, there 
was a positive clinical effect with regard to the primary 
endpoint of time to the first relapse and with that conversion 
to clinically definite MS. 28% of patients in the placebo 
cohort experienced a relapse during the time of study 
treatment, while this occurred only in 18% of patients  
treated with Teriflunomide 14 mg, correlating with a risk 
reduction of 42.6%. Teriflunomide 7 mg reduced the risk to 
a slightly lesser extent by 37.2%. Key secondary endpoint 
was the time to first relapse or the detection of new Gd-
enhancing T1 or new T2 lesions in MRI as an indicator of 
either clinical or radiological disease activity. 76% of patients 
treated with placebo presented either with a relapse or new 
lesion in MRI, while under therapy with Teriflunomide this 
proportion was reduced to 64% (14 mg) and 62% (7 mg). 
Consequently, there was a 34.9% and 31.4% reduction with 
Teriflunomide 14 mg or 7 mg, respectively. The ARR 
among patients with placebo was 0.284 and decreased to 
0.194 with 14 mg Teriflunomide or 0.190 with 7 mg. 
However, this relative risk reduction of 31.9% and 33.1% 
was not statistically significant. There were no significant 
differences with regard to volume of T2 lesions or brain 
atrophy. Taken together, Teriflunomide has proven efficacy 
for patients with clinically isolated syndrome. However, only 
74% of patients completed the total 108 weeks of study 
medication, and only 44% among the Teriflunomide 14 mg 
treated patients completed the whole study duration. The 
median duration of study treatment was 90 weeks with 
Teriflunomide 14 mg. 

7.5. Head-to-head Trials 

 Oral Teriflunomide was compared with IFN beta-1a s.c. 
in RRMS in a head-to-head trial. TENERE (Teriflunomide 

and Rebif®) was a phase 3 clinical trial (Table 1) [96] with 
the time to treatment failure as composite primary endpoint. 
Time to failure was defined as the time to the first confirmed 
relapse or the discontinuation of study treatment, whichever 
occurred first. According to the study, there were no 
differences found between the group receiving 14 mg 
Teriflunomide daily and IFN beta-1a 44 µg three times per 
week with treatment failure rates of 37% and 36% at week 
48, respectively. Noteworthy, the fewest relapses were 
documented in the IFN beta-1a group with a total of 16 
compared to 26 and 46 (Teriflunomide 14 mg and 7 mg), 
while treatment discontinuation was higher with IFN beta-1a. 
The ARR presented with no significant difference between 
both groups (0.22 with IFN beta-1a versus 0.26 with 
Teriflunomide, p=0.6), while the group who had received 
only 7 mg Teriflunomide daily showed an ARR of 0.41 
which was significantly higher compared with IFN beta-1a 
(p=0.03). At the same time, the 7 mg Teriflunomide group 
experienced less frequent fatigue than both other groups. The 
Treatment Satisfaction Questionnaire for Medication (TSQM) 
was better in both groups who had received oral treatment 
with Teriflunomide. However, a Cochrane analysis rated the 
quality of evidence in this study to be very low [100]. 

7.6. Teriflunomide in Combination Therapies 

 A comparison between the treatment of Teriflunomide 7 
mg or 14 mg as add-on therapy to glatiramer acetate and 
glatiramer acetate monotherapy revealed an acceptable 
safety profile in 123 RMS patients over 24 weeks (Table 1) 
[101]. MRI findings showed an enhanced reduction of Gd-
enhancing T1 lesions with a relative risk reduction of 64% in 
patients co-treated with 7 mg Teriflunomide (p=0.031), 
while the group co-treated with Teriflunomide 14 mg did not 
reach significance with a reduction of 47% as compared with 
glatiramer acetate monotherapy (p=0.193). This might have 
been due to a higher MRI activity at baseline in the latter 
group [67]. At the same time, the T1 Gd-enhancing lesion 
volume was significantly reduced with Teriflunomide 14 mg 
(RRR 73%, p=0.038) but not Teriflunomide 7 mg (RRR 
40%, p=0.134) [101]. 

 Freedman et al. performed a phase 2 trial on 
Teriflunomide as add-on therapy to IFN-beta (Table 1) 
[102], in which patients were randomly assigned to receive 
either placebo, Teriflunomide 7 mg or Teriflunomide 14 mg 
daily in addition to their unchanged medication with IFN-
beta 1a s.c. or i.m. or IFN-beta 1b s.c. The frequency of 
treatment emergent adverse events (TEAE) and serious 
TEAEs was slightly higher with combined Teriflunomide 
treatment, although the frequency of study discontinuations 
due to TEAE was equal in all groups and there were no 
deaths in any group. Most commonly reported adverse 
events included known Teriflunomide-associated side effects 
like ALT increase, headache, neutropenia, nasopharyngitis 
and fatigue. With regard to clinical efficacy there was a trend 
towards a decreased estimated ARR with a relative relapse 
reduction of 57.9% (Teriflunomide 14 mg added to IFN-
beta) and 32.6% (Teriflunomide 7 mg added to IFN-beta) 
compared to IFN-beta treatment alone. Nonetheless, these 
potential differences did not reach significance (p=0.4355 
and p=0.1005). MRI activity, as measured by the number of 
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Gd-enhancing lesions per scan, was significantly reduced by 
more than 80% in dual treated groups. A post hoc analysis 
demonstrated a stronger therapeutic effect in patients with 
higher disease activity. Taken together, the authors concluded 
an acceptable safety profile and potential beneficial effects 
from combined IFN-beta and Teriflunomide treatment for 
distinct MS patients [102]. Therefore a longer phase 3 trial 
(TERACLES, NCT01252355) was initiated, but was 
discontinued in December 2012 due to recruitment difficulties 
[103]. 

 Patients from both above mentioned studies [101, 102] 
could continue their treatment entering an extension phase 2 
trial with direct comparison between IFN-beta or GA mono- 
therapy and IFN-beta or GA plus Teriflunomide 7 mg or 14 
mg (NCT00475865). 166 of the 182 patients completed 48 
weeks and again good safety was demonstrated as primary 
endpoint. The ARR was changed from 0.343 or 0.420 with 
IFN-beta or GA monotherapy, respectively, to 0.231 and 
0.144 with Teriflunomide 7 mg and 14 mg added to IFN-
beta and 0.262 with Teriflunomide 7 mg added to GA. In the 
14 mg Teriflunomide plus GA group, the ARR was 
noteworthy highest among all groups with 0.497. The same 
was reflected by another secondary endpoint, the fraction of 
patients with sustained disease progression, which was 0 for 
IFN-beta monotherapy, but 3/37 and 2/38 patients presented 
disease progression when Teriflunomide was concomitantly 
added, and it changed from 4/41 in the group receiving GA 
monotherapy to 1/42 in patients co-treated with Teriflunomide 
7 mg and 4/40 in patients receiving Teriflunomide 14 mg as 
add-on therapy (Table 1) [104]. Although the number of Gd-
enhancing lesions was by trend improved with combination 
therapy, findings in this study do not provide evidence  
that combination therapy of IFN-beta or particularly GA 
with Teriflunomide has significant advantages compared to 
monotherapy. 

7.7. Teriflunomide and Vaccination 

 The Teriflunomide and Vaccination Trial (TERIVA) 
(Table 1) [105] investigated immune reactions to seasonal 
influenza vaccination of MS patients on treatment with 
Teriflunomide. Patients were immunized with a single IM or 
intradermal administration of the 2011/2012 inactivated 
seasonal influenza vaccines containing H1N1, H3N2 and 
Influenza B, namely the split-virus vaccine Mutagrip® and 
Vaxigrip®. Strain-specific anti-influenza antibodies were 
detected 28 days post immunization by hemagglutination 
inhibition assay. More than 90% of patients from both 
Teriflunomide-treated groups achieved sufficient antibody 
titers against H1N1 and influenza B after vaccination, which 
is comparable to patients under treatment with IFN-beta 
[106]. Seroprotection rates against H2N3 were lower, though 
still met the European criterion for efficacy of an influenza 
vaccine. They were reached by 76.9% of patients receiving 
14 mg Teriflunomide and were present in ≥90% of patients 
in both other groups (Teriflunomide 7 mg and IFN-beta). 
Secondary endpoints comprised the percentage of patients 
developing a 4 or more fold increase in antibody titers and 
the ratio of pre and post vaccination geometric mean titers, 
and showed by trend lower responses in Teriflunomide-
treated patients compared with IFN-beta. There were no 

serious TEAEs or relapses reported and vaccination was 
generally well tolerated among all groups. In another study, 
46 patients received either rabies vaccination during 30 days 
of Teriflunomide- or placebo-treatment [66]. Although rabies 
antibody titers were lower in Teriflunomide-treated patients, 
both groups developed sufficient titers above 0.5 IU/ml, 
indicating a satisfactory response to vaccination. Furthermore, 
responses to recall antigens, as measured by a delayed-type 
hypersensitivity to Candida albicans, Trychophyton and 
Tuberculin, did not significantly change upon Teriflunomide 
treatment [66]. Taken together, sufficient seroprotection  
was achieved by the majority of patients treated with 
Teriflunomide after vaccination and the response to recall 
antigens does not appear to be altered during Teriflunomide 
therapy. Still, vaccination with live vaccines is not 
recommended for patients under Teriflunomide treatment. 

7.8. Current Trials 

 With regard to approval in different groups of MS 
patients, there is one phase 3 trial verifying the efficacy and 
safety of Teriflunomide in pediatric patients with RMS 
(TERIKIDS, NCT02201108) and a phase 1 trial addressing 
the safety and tolerability and pharmacokinetics of 
ASLAN003 in elderly healthy volunteers (NCT02342652). 
Also safety and effectiveness of Teriflunomide treatment in 
patients at risk for PML after termination of Natalizumab is 
currently being investigated within a phase IV trial 
(NCT01970410). 

8. SAFETY AND TOLERABILITY OF TERIFLUNOMIDE 

 The most common adverse events were considered mild 
to moderate and presented as increases in alanine amino- 
transferase (ALT) levels, neutropenia, hair thinning, diarrhea, 
hypertension, paresthesia and upper respiratory tract 
infection. Although not considered as severe adverse event, 
hair thinning appeared in frequencies of up to 13% in both 
TEMSO and TOWER trials and led to discontinuation of 
treatment in 6 patients (2%) in the 14 mg group in the 
TOWER study and in five cases (1.4%) in the TEMSO trial. 
Although hair thinning usually resolved after 6 months, and 
there were no cases of complete hair loss [107], this side 
effect might still influence a patient's adherence to treatment. 
FDA warnings and precautions exist for hepatotoxicity with 
ALT increases of 6% of treated patients versus 3.8% in the 
groups treated with placebo, immunosuppressive effects and 
subsequent infections with white blood cell decrease, 
peripheral neuropathy and increased blood pressure [108]. 
Peripheral neuropathy was recorded in 1.2% and 1.9% of 
patients during the TEMSO trial and was more frequent in 
the 14 mg group than in the 7 mg group. Peripheral 
neuropathy was considered mild to moderate. It occurred at 
similar frequencies in the TOWER study again and led to 
discontinuation of treatment in five cases (0.64%) in both 
treatment groups [97]. Mononeuropathies such as carpal 
tunnel syndrome were observed in both groups. 

 In the TEMSO and TOWER study, there was slightly 
more study discontinuation due to adverse events in the 
Teriflunomide-treated groups. One case of intestinal 
tuberculosis occurred in the Teriflunomide 14 mg group and 
was considered an opportunistic infection. During therapy 
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with Teriflunomide, one patient died from sudden cardiac 
disorder [92]. However, the patient had a history of an SAE 
with respiratory failure associated with pneumonia and 
tachycardia 2 years before and was treated with multiple 
drugs at the time of her death, so contributory effects of co-
medication and underlying medical condition appeared possible. 

 Other reported adverse events such as back pain, urinary 
tract infection or life-threatening adverse events occurred at 
the same prevalence among the three groups. Mild infections 
such as nasopharyngitis, cystitis, urinary tract infections and 
oral herpes, as well as fatigue and sensory disturbances have 
been associated with Teriflunomide treatment [92]. 

 There is extensive longterm experience with Leflunomide 
with approximately 2.1 million patient-years since 1991, and 
common adverse events in Teriflunomide-treated patients are 
so far similar to those in Leflunomide-treated patients. A rare 
adverse event, the life-threatening toxic epidermal necrolysis 
has recently been reported in one case report of a RRMS 
patient who had been started on Teriflunomide therapy for 
about 3 weeks [109]. Two cases of PML have been reported 
during monotherapy with Leflunomide [59, 110], even 
though both had received immunosuppressive treatment  
with AZA or Methotrexate prior to their medication with 
Leflunomide. Until today, there has been no report of PML 
during more than 40.000 patient-years with Teriflunomide in 
MS. Despite the long-term experience with Leflunomide,  
the recognition of potentially different or extremely rare 
adverse events under Teriflunomide therapy will require 
more experience. 

8.1. Teriflunomide in Pregnancy 

 Teriflunomide is classified as pregnancy category X, 
therefore expected benefits from treatment do not outweigh 
drug-associated risks and the use in pregnant women is 
contraindicated [111]. Women with childbearing potential 
must be informed about the necessity of an effective 
contraception, also beyond the exact time of medication use. 

 Testing in animals suggested an association with 
pregnancy loss in rats and rabbits treated with equivalent 
doses of Teriflunomide, as well as increased teratogenicity 
and decreased survival of newborn rodents (summary of 
product characteristics). There was so far no evidence of 
increased rates of spontaneous abortion, decreased birth 
weight or congenital malformation in human trials [112]. 
Plasma levels of less than 0.02 mg/L are expected to have no 
teratogenic impact. 

 Pregnancy or breastfeeding were exclusion criteria in  
the TEMSO and TOWER studies. However, taken together 
both studies, 25 female patients became pregnant in both  
the placebo and the Teriflunomide group and 16 of  
those decided to have an induced abortion. There were 4 
spontaneous abortions, one of them in the placebo group and 
3 in the higher dose Teriflunomide group. The remaining 5 
pregnancies resulted in healthy babies; out of those one 
mother had been treated with placebo, two had been treated 
with Teriflunomide 7 mg and two had been treated with  
the 14 mg dose. All pregnancy reports resulted in study 
discontinuation and a rapid elimination procedure over 11 

days. Kieseier et al. performed a retrospective analysis of the 
global pharmacovigilance project and analyzed 83 reported 
pregnancies, out of which 70 pregnancies occurred in 
women with documented Teriflunomide intake. There were 
26 live births with healthy newborns and 13 spontaneous 
abortions, which implies no increased risk of spontaneous 
abortion [113]. Partners of Teriflunomide-treated male 
patients became pregnant in 19 cases and as with treated 
women, rates of spontaneous abortion were not higher as 
expected in a general population. Also there were no 
structural or functional invalidities documented [113]. 

 Start of immunotherapy with Teriflunomide is 
recommended only after a pregnancy has been ruled out by a 
negative pregnancy test and as a measure of precaution 
women are encouraged to ensure a safe contraception while 
receiving the drug and 2 months after a rapid elimination 
procedure or rather after the Teriflunomide serum concentration 
has been measured to be less than 0.02 mg/L on two time 
points. With regard to male patients, there are contradictory 
recommendations: while in the USA, men undergo an 
accelerated elimination procedures before fathering a child, 
therapy can be continued regardless of family planning of 
male patients in Europe. 

8.2. Usage after other Disease Modifying Therapies 
(DMT) 

 Teriflunomide is currently not recommended in 
combination with other DMT, but switching of treatment 
from other DMT to Teriflunomide might be considered in 
specific cases. Below, we give recommendations for laboratory 
testing and therapeutic pauses when changing treatment from 
distinct other MS drugs to Teriflunomide in accordance with 
German MS treatment guidelines. 

 A drug holiday is not needed for patients who had 
received beta IFNs or GA, if laboratory findings are normal. 
If patients had been treated with dimethyl fumarate, a wash-
out period of at least 2 months is recommended, and a 
differential blood count is required to be within normal 
limits again. 

 In case of previous treatment with Fingolimod we 
recommend a pause of at least 6 weeks, before treatment 
with Teriflunomide should be initiated. As for most previous 
therapies, a differential blood count is required to rule out a 
potential overlap of both therapies. Natalizumab needs to be 
stopped at least 6-8 weeks ahead of starting Teriflunomide 
therapy, if this is feasible with regard to disease activity. In 
any case an MRI of the brain should be performed to exclude 
atypical lesions suggestive of PML in patients who were 
treated with Natalizumab. In patients with positive JCV 
serology who have been treated with Natalizumab for more 
than 20 months, a CSF analysis for JCV may be considered 
to rule out subclinical PML. 

 Previous treatment with Mitoxantrone requires a 
discontinuation of at least 3 months before Teriflunomide is 
started, and peripheral immunocompetence should be assessed 
to be normal again at the time of initiation of Teriflunomide. 
Longest intervals of at least 6 months are recommended 
when treatment is changed from Alemtuzumab or Rituximab 
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and a broad laboratory testing including differential blood 
count and flow cytometric analysis of T- and B cells is 
necessary for the evaluation of the immune status of the 
patient. 

 In all cases, it is recommended to perform an MRI  
when changing the therapy or starting treatment with 
Teriflunomide. Contraindications should be ruled out prior to 
treatment initiation. Laboratory testing must include blood 
count, differential blood count, liver and pancreatic 
parameters, namely aspartate aminotransferase (AST), ALT, 
gamma-glutamyl transpeptidase (gamma-GT), total bilirubin, 
lipase, amylase, and total protein and creatinine. If laboratory 
testing reveals abnormalities, an abdominal ultrasound 
should be performed. Ruling out current infections with 
hepatitis B and C and HIV is recommended. If an infection 
with tuberculosis appears possible, it should be excluded 
beforehand, potentially also with the conduction of a chest x-
ray. Also the documentation of systolic and diastolic blood 
pressure is necessary. After all diagnostic measures, written 
informed consent of the patient must be given. 

8.3. Contraindications and Patient Surveillance During 
Treatment 
 Teriflunomide is contraindicated in patients suffering 
from severe hepatic impairment. Also, treatment may not be 
started during acute or chronic infections, pregnancies and in 
patients receiving Leflunomide concomitantly. Patients with 
a hypersensitivity reaction against Teriflunomide or 
Leflunomide should not receive the drug again. Due to 
potential teratogenic effects, patients must ensure proper 
contraception while treated with Teriflunomide. 
 During treatment, laboratory testings must be performed 
with regularity. We recommend a blood count and 
differential blood count every 8 weeks during the first 6 
months of treatment, succeeded by intervals of every three 
months during treatment. A lymphocytopenia of less than 
200/µl must lead to treatment discontinuations. 
 With intervals of every second week during the first 6 
months of treatment, liver damage should be ruled out by 
measuring ALT, AST and gamma-GT. After 6 months of 
good tolerance of the drug, intervals can be stretched  
to every second month, as long as values remain within 
normal ranges. A repeated increase of liver transaminases of 
more than 3 times upper limit of normal (ULN) requires 
discontinuation of Teriflunomide treatment. If pancreatic or 
pulmonary impairment is suspected, further diagnostic 
measures by a specialized gastroenterologist or pulmonologist, 
respectively, are required. Discontinuation of Teriflunomide 
should also be considered when patients develop peripheral 
neuropathy, acute renal failure, or severe skin reactions. 
 Due to the potential risk of increased blood pressure 
during treatment with Teriflunomide, we recommend blood 
pressure measurements on a regular basis. Disease activity 
should be monitored by yearly MRI scans. Due to recent 
reports on cerebral deposits of Gadolinium-based contrast 
agents (GBCA) with unclear clinical impact [114, 115], the 
administration of GBCA in these scans should be individually 
evaluated by the treating physicians until national guidelines 
are available. 

CONCLUSIONS AND OUTLOOK 
 Teriflunomide has a favorable safety profile and clinical 
efficacy with respect to relapse rates, imaging outcomes and 
accumulation of disability in RRMS. It is only approved for 
the treatment of adult patients with RRMS but not CIS or 
progressive forms of MS. Although potential benefits from 
combination therapies have been discussed [116, 117], the 
use of Teriflunomide is only recommended in monotherapy. So 
far, the side effects appeared similar to those in Leflunomide 
treatment. They included most importantly increased liver 
enzymes, hair thinning, peripheral neuropathy and potential 
teratogenicity. Although physicians have extensive experience 
with its functional prodrug Leflunomide, slight differences 
between the two substances or the two target patient populations 
(rheumatoid arthritis vs MS), potentially due to different 
underlying pathological conditions, cannot be completely ruled 
out. For this reason frequent laboratory assessments especially 
at the beginning of Teriflunomide therapy are necessary. 
 Potential teratogenic effect of Teriflunomide were 
assumed from experience in animal studies but have not 
been verified so far by an increase in the abortion or 
disability rates in humans. However, Teriflunomide is not 
recommended as treatment for patients planning to conceive 
a child. This measure of precaution potentially leads to some 
hesitation when choosing between different treatment 
options in young and particularly female MS patients. At the 
same time, it appears important to mention the possibility of 
a rapid elimination procedure. After two months following 
the rapid elimination procedure, it is likely safe for women 
to conceive a child, in particular when a nonhazardous serum 
level has been assured. 

 It appears likely, that oral therapies will gain more 
importance in future treatment decisions in MS, not only but 
importantly due to the more convenient route of application. 
Treatment with Teriflunomide in particular might become 
more frequently used with a more comprehensive knowledge 
regarding adverse events and long-term experience and once 
the rapid elimination procedure has been broadly recognized.  
 Cladribine is a potential future therapeutic option  
as it has lately shown good efficacy in reducing disease 
activity in MS patients. The administration in repeated 
cycles followed by sustained lymphocyte decline may 
qualify Cladribine as an “induction therapy” for patients with 
RRMS. Its risk-benefit profile will likely be re-evaluated by 
the respective agencies. Possible benefits from combination 
therapies will be one future issue in MS therapy, however, 
particularly with immunosuppressive compounds, this 
requires a thorough analysis and debate on risks and benefits. 
 Taken together, Teriflunomide is a good therapeutic 
option for a certain group of adult patients with RRMS, not 
only if contraindications against other DMT are present. Its 
oral administration and the lack of flu-like symptoms are 
particularly attractive and might lead to an increased 
compliance rate. 

LIST OF ABBREVIATIONS 
ARR = Annualized relapse rate 
CIS = Clinically isolated syndrome 
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DMT = Disease modifying therapy 

EDSS = Expanded disability status scale 

MS = Multiple Sclerosis 

RRMS = Relapsing-remitting multiple sclerosis 
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