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Abstract Evidence is accumulating for the early sustained usage of disease-modifying

anti-rheumatic drugs (DMARDs) in rheumatoid arthritis. Leflunomide was
licensed for the treatment of rheumatoid arthritis in 1998. Postmarketing sur-
veillance, case reports and observational studies have highlighted less common
or unexpected adverse events. Therefore, it is appropriate that we review the
benefit-risk profile of leflunomide after 10 years of widespread usage. A wide-
based search of relevant literature was performed to formulate this assessment.

The improvements in rheumatoid arthritis shown by double-blind, ran-
domized controlled trials (RCTs) of leflunomide have now been shown to be
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maintained beyond 4 years in open-label extension studies. Leflunomide is
comparable to methotrexate, but better than sulfasalazine at 24 months in
only one study. However, tolerance in clinical practice research shows higher
than expected withdrawal rates due to both toxicity and lack of efficacy when
compared with methotrexate and placebo.

Adverse events reported include gastrointestinal upset, hypertension,
headache, hepatotoxicity and hair loss, as well as predisposition to infection
and peripheral neuropathy. The incidence of gastrointestinal adverse effects
for leflunomide is similar to sulfasalazine but higher than those seen with
methotrexate. Serious drug-induced hepatotoxicity leading to hospitalization
is rare (0.02%), but isolated fatalities from liver failure have been documented.
It is considered likely, but not yet proven, that there may be an increased
incidence of weight loss and interstitial lung disease with leflunomide.

Leflunomide in combination with methotrexate or sulfasalazine is an effec-
tive regimen in RCTs utilizing placebo controls, but more research is needed
to confirm its effectiveness in combination with other DM ARDs, particularly
biologicals.

The active metabolite of leflunomide is teratogenic in animal studies and is
also found in breast milk. Therefore, contraception is advised in both males
and females of child-bearing potential. There are genetic, pharmacokinetic
and biochemical reasons to explain variation in both patient response and
adverse event profile. Hence, blood and blood pressure monitoring are re-
commended and therapeutic drug monitoring should be considered in clinical
nonresponders.

Leflunomide is an effective DMARD that sustains a clinical and radio-
logical response comparable to sulfasalazine and methotrexate. However,
adverse effects necessitate frequent monitoring. It should be used with caution
in those of child-bearing potential and with pre-existing lung and liver disease.

Rheumatoid arthritis is a chronic autoimmune
disease that manifests clinically as a symmetrical,
peripheral polyarthropathy of both the large and
small joints. Synovial inflammation leads to loss
of cartilage, erosion of bone, and eventually joint
destruction. The aim of disease-modifying anti-
rheumatic drug (DMARD) treatment is not only
to alleviate inflammatory symptoms but also to
slow joint damage.

Current evidence-based guidelines advocate
the early sustained use of DMARDs. Compara-
tive studies of available DM ARDs show compar-
able efficacy for sulfasalazine and methotrexate,
the most frequently used DMARDs. The main
difference between the two is in their toxicity
profile. Hydroxychloroquine is less effective but
has the advantage of fewer adverse effects.

Leflunomide is a new DMARD that resulted
from a drug discovery programme, unlike many
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other DMARDs whose original use in rheuma-
toid arthritis arose more out of serendipity than
science. The benefit of leflunomide in the control
of rheumatoid arthritis symptoms was established
in three double-blind, randomized controlled
trials (RCTs).['3! These trials underpinned the
US FDA and the UK Medicine and Healthcare
products Regulatory Agency (MHRA) approval
of the use of leflunomide in the control of rheu-
matoid arthritis symptoms in 1998.[4-3]

All double-blind RCTs are, out of necessity,
conducted in highly selected populations under
carefully controlled conditions and over a short
period of time, often for life-long disorders. They
are valuable in proving efficacy and identifying
common drug adverse events. However, less fre-
quent but potentially significant adverse events,
as well as drug interactions, may take several
years to become apparent.

Drug Saf 2009; 32 (12)
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Therefore, the aim of this review is to appraise
the published literature on the efficacy of lefluno-
mide 10 years after being licensed. We examine the
mechanism of action, pharmacokinetics, drug-
drug interactions and tolerance, as well as common
and potential rare adverse effects of leflunomide.

1. Literature Search

We searched the medical literature electro-
nically using Embase and MEDLINE for articles
on leflunomide published in English between
1966 and 2008. Additional references were iden-
tified using reference lists of published articles.
Textbooks and prescribing guidelines on rheu-
matoid arthritis were also consulted. An ad-
vanced search was performed using the terms
‘leflunomide’, ‘rheumatoid arthritis’, ‘risk-benefit’,
‘safety’ and ‘adverse reactions’ in isolation and
combination. Double-blind RCTs identified by
this method were used to establish efficacy and to
identify adverse events. Case reports, non-
randomized cohort studies and observational
studies were included to understand rare adverse
events and patient tolerance.

2. Mechanism of Action of Leflunomide

Leflunomide is considered a cytostatic rather
than cytotoxic agent. Two mechanisms of action
have been proposed: the reversible inhibition of
dihydrooroatase dehydrogenase (DHODH), a
key enzyme in pyrimidine synthesis, as well as
the inhibition of tyrosine kinases.°!

Nonactivated T cells meet their metabolic re-
quirements for nucleic acid synthesis primarily
via salvage pathways. On the other hand, rapidly
dividing T lymphocytes require de novo synthesis
of purine and pyrimidine. DHODH is required
for uridine monophosphate (UMP) synthesis, a
precursor of pyrimidine nucleotides. Lymphocytes
treated with teriflunomide, the active metabolite
of leflunomide (also known as A771726), are
arrested after stimulation rather than progressing
through to mitosis.[”-¥1 The plasma concentrations
of active metabolite required to interfere with
tyrosine kinases are much higher than those neces-
sary for DHODH inhibition, but adequate con-
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centrations for tyrosine kinase inhibition are
achieved in the plasma of rheumatoid arthritis pa-
tients treated with standard doses of leflunomide.™!

In synovial tissue studies leflunomide decreased
macrophage numbers, intercellular adhesion
molecule (ICAM)-1 and metalloproteinases, all
of which are known to be involved in rheumatoid
synovitis.'%!"1 Falls in levels of metalloprotein-
ases, interleukin (IL)-6 and IL-10 following
treatment with leflunomide, correlate with clin-
ical benefit.'!l Effects on IL-2 have also been
shown.!'?l Neutrophils in synovial fluid and per-
ipheral blood of leflunomide-treated rheumatoid
arthritis patients show reduction in numbers
and decreased chemotaxis.['3 Inhibition of im-
munoglobulin synthesis,!'*!3 nuclear factor-x-B,
cyclooxygenase activity!'® and effects on growth
factor B1 have also been described.!'?!

3. Pharmacology and Pharmacokinetics
of Leflunomide

Leflunomide, an isoxazole derivative, is struc-
turally very different from other DMARDs. It
has a molecular weight of 270 Da. On oral ad-
ministration, leflunomide is rapidly converted to
its active metabolite teriflunomide during first-pass
metabolism in the gut wall and liver.!'”! It is
highly protein bound in plasma (99%) and excreted
in both the urine and faeces to similar degrees.

Leflunomide has a long elimination half-life
of 15-18 days, which is most likely due to en-
terohepatic circulation and biliary recycling.[!®]
For this reason, oral colestyramine or activated
charcoal can be used to rapidly decrease plasma
concentrations of active metabolite and facilitate
drug elimination.!']

A loading dose of 100 mg once daily for 3 days
was administered in many of the earlier trials to
reach steady state quickly because of the long
half-life. However, this has become less favoured
in clinical practice because of gastrointestinal
adverse effects and headache. Discontinuation
was twice as likely if leflunomide 100 mg was
administered over 3 days compared with other
dosing regimens.?’! Emerging evidence of varia-
tion in pharmacokinetics may explain the differ-
ences in dose response between individuals.?!1

Drug Saf 2009; 32 (12)
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Several studies have investigated the most ap-
propriate therapeutic regimen. Once weekly dos-
ing, a daily loading dose of 100 mg over 3 days
with subsequent 20 mg maintenance dose, and
10 mg once daily have all been investigated.[!-2>->4]

Pharmacokinetic studies show that patients with
rheumatoid arthritis have an increased plasma free
fraction compared with healthy volunteers.[>!8]
There can also be marked pharmacokinetic dif-
ferences between individual patients with rheu-
matoid arthritis.?! In fact, a steady-state plasma
concentration of leflunomide of >13 mg/dL was a
better predictor of treatment success than the oral
dose.?1 It has been suggested that nonresponders
have their teriflunomide steady-state concentration
measured to allow dose adjustments or with-
drawal if poor response is suspected.?®] Recent
evidence suggests that the breast cancer resistance
protein (BCRP) efflux transporter may interact
with leflunomide and teriflunomide in vitro.[*1 As
this receptor is important in the absorption and
excretion of drugs, it may contribute in part to
variations seen in pharmacokinetics and the poor
response of some individuals to leflunomide.

4. Drug Interactions

Several studies have investigated drug inter-
actions between leflunomide and anti-rheumatic
as well as other medications. Teriflunomide in-
hibits cytochrome P450 (CYP) 2C9 in vitro.
Caution should therefore be exercised with drugs
metabolized via CYP, such as warfarin and phe-
nytoin. Warfarin does not affect protein binding
of teriflunomide in vitro,[®?®! but there are now
over 300 reports of raised international normal-
ized ratio (INR) in patients taking leflunomide
with warfarin.*"]

Teriflunomide increases the free fractions of
diclofenac and ibuprofen!!¥! but there is no in-
teraction between methotrexate (10-25mg/wk)
and leflunomide (standard dosage regimen). Oral
leflunomide (loading dose for 3 days and then
20 mg/day) had no pharmacokinetic interaction
with the triphasic contraceptive pill (n=232).[8
Multiple doses of rifampicin (rifampin) increased
the peak active metabolite concentrations of
leflunomide 100 mg by around 40%.#]

© 2009 Adis Data Information BV. All rights reserved.

Smoking increases leflunomide clearance and
this may be of particular relevance as several
studies have shown smoking to adversely influ-
ence the severity of rheumatoid arthritis.3%-31]

5. Efficacy of Leflunomide in
Rheumatoid Arthritis

Six papers published the results of four double-
blind RCTs of leflunomide in rheumatoid
arthritis.l'-332-34 The study designs and efficacy
are shown in table I. Three of the original trials
were placebo-controlled.['-31 All studies are broadly
comparable in disease duration, leflunomide
dosage and sample size, and all were of between
6 and 24 months’ duration (table I).

5.1 Disease Activity

The American College of Rheumatology (ACR)
response criteria for the main randomized con-
trolled studies are shown in table I. Using the
ACR response criteria, leflunomide shows clear
advantage over placebo. It appeared to be better
than methotrexate in two of three comparative
trials.[>32l However, in a meta-analysis, Osiri and
colleagues!®] showed that there was no statisti-
cally significant difference between leflunomide,
methotrexate or sulfasalazine apart from between
leflunomide and sulfasalazine at 24 months. The
ACR 50 response for leflunomide was 34% com-
pared with 23% for methotrexate at 12 months
and 56% compared with 43% after a 12-month
trial extension. The ACR 50 for leflunomide
evaluated against sulfasalazine was 33% com-
pared with 30% at 6 months and then 52% com-
pared with 25%, respectively, at 24 months.

5.2 Functional Scores

The level of functional disability in rheumatoid
arthritis is a predictor of future morbidity and
mortality?®® and is an important secondary out-
come measure when investigating drug efficacy.
The health assessment questionnaire (HAQ) is
a validated measure of function in rheumatoid
arthritis.’”l The modified HAQ is based on a
shorter subset of questions, and the functional
disability index charts the degree of difficulty

Drug Saf 2009; 32 (12)
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Australia,

study above)

60, 25, 17

SASP

SASP 2 g/day

PL/SASP

New Zealand,
South Africa
Europe,

NR, NR, NR

24

50, NR, NR
65, NR, NR

LEF

LEF 100 mg/day for 3 days

Double-blind, randomized 3.5-3.8
then 20 mg/day;

999

Emery et al.*¥ (2000)

Australia,

MTX

New Zealand

MTX 7.5-15 mg/wk

methotrexate; NR

not reported; PL =placebo; SASP = sulfasalazine.

leflunomide; MTX

American College of Rheumatology; LEF

ACR=

patients have with performing specified tasks.
Both these measures are less sensitive to change
than the standard HAQ.[38!

Table 11 shows that each comparative study
between leflunomide and placebo found a sig-
nificant statistical improvement in HAQ.[!-3-33]
Improvements in HAQ were seen at 6, 12 and
24 months. Methotrexate resulted in a greater im-
provement in HAQ compared with leflunomide
in the larger study at 24 months.?¥ However, in
another slightly smaller but comparable study
leflunomide was better at 12 months than metho-
trexate.”l Leflunomide was better at 6 months
than sulfasalazine in the only study making this
comparison.l!

5.3 Radiographic Progression

Joint damage occurs early in the rheumatoid
arthritis disease process®°! and is characterized
radiologically by joint space narrowing, peri-
articular bone erosion and eventually secondary
degeneration. Structural damage in rheumatoid
arthritis studies is quantified by either the original
Sharp score, %! the van der Heijde modification
of the Sharp score,[*! or the Larsen method.[*!]
Five of the six key papers documented radio-
graphic outcomes,!>3-3234 three reported radio-
logical outcome using the Larsen scores,-33-34
one a Sharp score® and the other the van der
Heijde modification of the Sharp score system.[3?]

When compared with placebo, leflunomide-
treated patients had better 6-month Larsen
scores.[?33 In these two studies, sulfasalazine and
leflunomide were comparable in terms of radio-
graphic progression. Disease progression was similar
between methotrexate and leflunomide in the first
year of treatment, but radiological progression was
less in the methotrexate group using Larsen scores.
However, Cohen et al.l’Z found that there was no
significant difference using the van der Heijde
modification of the Sharp score at 2 years when
comparing methotrexate and leflunomide.

5.4 Leflunomide Follow-Up Beyond 2 Years
in Clinical Trials

Kalden et al.*? reported on disease and func-
tional activity of 214 patients treated with

Drug Saf 2009; 32 (12)
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Table Il. Comparison of standard health assessment questionnaire (HAQ)? scores from six papers detailing randomized controlled trials of

leflunomide in rheumatoid arthritis

Study (y) Timepoint of  Type of Change in HAQ Statistical comparison
change in HAQ LEF (n) MTX (n) SASP (n) PL (n)
HAQ (mo) compared

Miladenovic et al.l'l 6 HAQ -13.6(101) NA NA -8.1(102) Significant statistical

(1995) difference between
LEF vs PL

Strand et al.l?] 12 MHAQ -0.3 (182) -0.2 (180) NA 0.1(118) Significant statistical

(1999) difference between
LEF and MTX vs PL

Cohen et al.l32) 12 HAQ DI -0.6 (98) -0.37 (101) NA NA Significant statistical

(2001) difference between
LEF vs MTX (p<0.05)

Smolen et al.l®! 6 HAQ —-0.5 (130) NA -0.29 (132)  -0.04 (91) Significant statistical

(1999) difference between
LEF and MTX vs PL
Significant statistical
difference between
LEF vs SASP (p<0.03)

Scott et al.l3%] 24 HAQ —-0.65 (52) NA —0.36 (45) -0.2 (21) Statistical difference

(2001) between LEF and
SASP vs PL

Emery et al.34 24 HAQ —-0.45(252) -0.5(278) NA NA Statistical difference

(2000) between MTX vs LEF
(p<0.05)

a Derived from the Stanford Health Assessment Questionnaire.[37]

HAQ=Health Assessment Questionnaire; HAQ DI=HAQ Disability Index; LEF =leflunomide; MHAQ =modified HAQ; MTX =methotrexate;

NA =not applicable; PL =placebo; SASP =sulfasalazine.

leflunomide for a mean of 4.6 years (maximum
5.8 years). The ACR response rates showed that
improvement was maintained for 4 years.?!
Van der Heijde and colleagues®’] reported on
x-ray data on patients treated with leflunomide
for 3-5 years. The mean annual progression at
baseline was 7.9 units/year (Sharp score), which
fell to 1.9 units per year after sustained treatment
with leflunomide (n=128).

6. Tolerability in Clinical Practice

The duration of use of a drug in routine prac-
tice can provide useful insights into long-term
patient tolerance. Several observational studies
showed higher than historically expected with-
drawal rates for leflunomide. In a Dutch cohort
more than half of the patients withdrew from
leflunomide treatment, many due to adverse drug
reactions (29%) within the first year of a treat-
ment.[* American researchers found that 42%

© 2009 Adis Data Information BV. All rights reserved.

of individuals discontinued treatment, with 63%
terminating therapy in the first 6 months?%. In
this study, discontinuation was twice as likely if
the higher loading dose was used.?°! The dis-
continuation rates for methotrexate and leflu-
nomide were comparable, with the median time to
discontinuation being 14 and 15 months, respec-
tively. However, when survival rates are charted
using Kaplan-Meier analysis from a data-
base of more than 1000 patients, methotrexate
showed improved long-term retention compared
with sulfasalazine and leflunomide. !

7. Adverse Drug Reactions

Comparing leflunomide treatment with placebo
or another DMARD, the most common adverse
effects were gastrointestinal (diarrhoea, dyspep-
sia, nausea/vomiting, abdominal pain, oral ul-
cers), abnormal liver function tests (LFTs), drug
eruptions, alopecia, infections, weight loss and

Drug Saf 2009; 32 (12)
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hypertension.[3346-47] The rates of gastrointestinal
adverse effects for leflunomide were similar to
those with sulfasalazine but higher than those
with methotrexate; however, a recent review
found no statistical difference in the frequency of
serious adverse events between sulfasalazine,
methotrexate and leflunomide.[*$!

7.1 Liver Function

Four of five of the original double-blind RCTs
of leflunomide documented abnormal LFTs
twice or more than the upper limit of normal
(ULN) [ALT > AST]. The frequency of abnormal
LFTs varied from 2.2% to 19% of patients.[3-32-34
Scott et al.’3 found that rises in transaminases
were minor and transient and no patients were
withdrawn as a result. Raised liver enzymes that
were up to three times the ULN occurred with
similar frequency between the leflunomide, sul-
fasalazine and methotrexate groups.*®l One
study showed methotrexate to have a higher
withdrawal rate due to hepatotoxicity compared
with leflunomide.?4

In 2001, the European Medicines Agency
published a report of 15 cases of fatal liver toxi-
city in patients treated with leflunomide.!
However, when further analysed, an hepatic
event was not the cause of death in ten of these
patients.’% In the US, the FDA was also un-
successfully petitioned to withdraw the drug in
2002.51521 Two cohorts from insurance claim
databases comprising more than 42000 indi-
viduals receiving leflunomide between 1998 and
2001 found 4.9 serious hepatic events per 10 000
per year.’3 A study of 101 patients was specifi-
cally undertaken to assess liver function over a
median of 10 months (0.5-12 months).% Nine
percent had ALT levels two or three times nor-
mal, one patient withdrew due to hepatotoxicity
and one continued on a decreased dose. None of
the patients had pre-existing liver disease. The
study was limited in that there were no LFT re-
sults in half the individuals at endpoint.

The potential hepatotoxicity of leflunomide
led to a change in the drug information, empha-
sizing the need to monitor liver function. The
current monitoring guidelines suggest that LFTs

© 2009 Adis Data Information BV. All rights reserved.

should be checked prior to starting the drug and
then monthly for the initial 6 months. Once le-
flunomide is established, LFTs are required every
8 weeks. An increase in ALT between two to
three times the ULN laboratory range requires
dose reduction, and LFTs should be checked
weekly. If ALT remains twice the ULN or ex-
ceeds three times the ULN, treatment should be
discontinued and washout with colestyramine
undertaken. Leflunomide should not be used in
patients with pre-existing liver disease. Serious
drug-induced hepatotoxicity leading to hospita-
lization remains rare (0.02%).[47-32]

A recent case report found an association
between CYP2CP=*3 allele homozygosity and
biopsy proven leflunomide-induced hepatitis.l>4
But most recently, prevention of paracetamol
(acetaminophen)-induced hepatoxicity by inhibi-
tion of N-acetyl p-benzoquinone imine (NAPQI)
bioactivation by teriflunomide has been pro-
posed.[3! Physicians should thus be aware that
there may be a genetic predisposition to hepato-
toxicity, which may be compounded by varia-
bility in serum drug concentrations.

7.2 Infection

The possibility that leflunomide leads to pre-
disposition to infection has been investigated.
The rates of post-operative infection in a small
cohort of patients receiving leflunomide or
another DMARD were found to be similar.[>%
Nevertheless, a retrospective case-note review
evaluating the rates of severe infection found that
there was a higher risk of infection in patients
receiving leflunomide treatment, particularly
when it was given in combination with metho-
trexate and prednisolone.’”! Opportunistic in-
fections such as Pneumocystis carnii pneumonia
have also been reported.[>®]

7.3 Peripheral Neuropathy

Leflunomide has also been associated with an
apparent increase in the symptoms suggestive of a
peripheral neuropathy but there was no correla-
tion between symptoms and neurophysiological
studies.’”) Neurophysiological measurements were
only performed in the first 6 months; however,

Drug Saf 2009; 32 (12)
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it may be a long-term or idiosyncratic adverse
effect of leflunomide.

7.4 Interstitial Lung Disease

Case reports of interstitial lung disease (ILD)
associated with leflunomide use have recently
been published.[®0-63] A case series of severe ILD
in Japanese patients receiving leflunomide, with
five subsequent deaths, was published in 2004
and 2005.0°0-621 Suissa and colleagues!®d retro-
spectively reviewed the incidence of ILD using
large databases that included pharmaceutical,
clinical and hospitalization data from Western
patients (n=062734). Despite the limitations of
retrospective cohort studies, the risk of ILD
seemed to be increased by leflunomide. It was
postulated that this increased risk may be in part
due to a selection bias. Patients with a history of
ILD and/or previous methotrexate exposure had
an increased risk of ILD with leflunomide. It has
been suggested that the incidence and severity of
ILD is higher in Eastern Asian than Western
populations. Two subsequent smaller studies in
Korea and Japan did not show any additional
ILD-related deaths.[6+:65]

7.5 Weight Loss

In one of the initial phase II trials, weight loss
was found to be more frequent in leflunomide-
treated individuals than those receiving placebo.!!:6]
In this trial, the significance of the weight loss was
not clear.[°! Subsequent phase III trials showed
no significant differences in weight between the
active drug and placebo arms of the trial. Weight
loss was not more common in leflunomide-
treated patients when methotrexate, sulfasalazine
and leflunomide were compared in a Cochrane
review.[33] A subsequent case report suggests that
leflunomide causes substantial weight loss in the
absence of any other identifiable cause.[7]

7.6 Pregnancy, Breastfeeding and
Male Fertility

The active metabolite of leflunomide is tera-
togenic in animal studies. Leflunomide caused
dysplastic bone formation in rabbits, as well as

© 2009 Adis Data Information BV. All rights reserved.

hydrocephalus and developmental eye defects in
rats.l'”l The manufacturers recommend perform-
ing pregnancy testing prior to commencing ther-
apy in women of childbearing age. A reliable
method of contraception should also be advised
throughout the course of treatment. Female pa-
tients are recommended to wait 2 years after
treatment before conceiving. A washout proce-
dure with activated charcoal or colestyramine
should be performed to promote drug elimina-
tion. To date, very limited information is avail-
able on the effect of leflunomide on male fertility
or the potential of male-related fetal toxicity.
Present recommendations advocate that males
should stop treatment with leflunomide and wait
3 months prior to conception. Two levels of ac-
tive metabolite <0.02mg/L in serum 14 days
apart are thought to confer a low risk of fetal
toxicity.%1819 Leflunomide should be avoided
during breastfeeding as animal studies have
shown it to be present in breast milk.[!8]

7.7 Overview of Safety Profile

Ten years after the initial licensing of lefluno-
mide, its full safety profile in rheumatological
practice is becoming clear. Postmarketing sur-
veillance rates for 80000 patient years on le-
flunomide report that adverse reaction rates are
consistent with toxicity rates seen in original
RCTs.198 Several small studies have reported on
adverse effects that were not evident in the initial
RCTs. Care should be taken in those with pre-
existing lung and liver disease, and the possible
effects on weight, blood pressure and peripheral
sensation should be considered. Review of pa-
tient cohorts show that withdrawal rates may be
higher than those for other DMARDs, and may
be greater than originally anticipated from origi-
nal studies.

8. Leflunomide in Combination

8.1 Disease-Modifying Anti-Rheumatic Drugs

A systematic review of the use of DMARD
therapy in rheumatoid arthritis shows that the
combination of methotrexate, sulfasalazine and
hydroxychloroquine is one of the most effective
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nonbiological treatment strategies.[°] The ma-
jority of larger studies have investigated lefluno-
mide in combination with either methotrexate or
sulfasalazine.

8.2 Methotrexate

Leflunomide inhibits pyrimidine, and metho-
trexate inhibits primarily purine biosynthesis. A
small open-label trial of 30 patients who had ac-
tive rheumatoid arthritis, despite 6 months of
methotrexate therapy, were administered addi-
tional leflunomide to assess the effects on disease
activity. The combination was well tolerated and
53% of subjects achieved an ACR 20% improve-
ment according to the ACR criteria.l’" In a larger
study, 263 patients were randomized to receive
leflunomide and methotrexate or methotrexate
and placebo. A greater proportion of patients
in the combination group achieved an ACR 20
response than those receiving methotrexate and
placebo (46.2% vs 19.5%). Leflunomide was then
added to the placebo group and after 6 months
similar response rates were comparable to the
original combination group.’l:72 At 16 weeks
Cohen and colleagues’?! added methotrexate
to nonresponders receiving leflunomide and, in
this study, this converted nonresponders to re-
sponders. The responders to leflunomide main-
tained their response to 40 weeks.[”3] Apart from
the latter study, adverse event profiles were
similar in monotherapy and combination groups
and the rates of LFT abnormalities were higher in
the methotrexate and leflunomide combination
arm.[”3] Radiographic progression was similar at
2 years for both drugs.[*8!

8.3 Sulfasalazine

In the RELIEF (Rheumatoid arthritis Eval-
uation of Leflunomide further Insights into its
EFficacy) study,[’¥ individuals initially received
leflunomide for 6 months; those with an inade-
quate response according to the DAS28 (disease
activity) score were randomized to sulfasalazine
and leflunomide or switched from leflunomide to
sulfasalazine with placebo. There were 56 and 50
subjects in each treatment arm. The combination
of sulfasalazine and leflunomide had significantly
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more ACR 50 responders than placebo plus sul-
fasalazine. This would seem to indicate that the
addition of sulfasalazine to leflunomide was bet-
ter than changing from leflunomide to sulfasala-
zine. Discontinuation due to toxicity was more
frequent in the combination group. No other
unexpected adverse effects were encountered.!”’!
Radiographical changes were again similar for
both sulfasalazine and leflunomide. 8!

8.4 Biological Therapy

Leflunomide has also been investigated in
combination with biological agents. These are
agents used in rheumatoid arthritis and other
inflammatory diseases to target inflammatory
mediators such as cytokines, including tumour
necrosis factor-o and various interleukins. Nine
studies were found and all combined infliximab
with leflunomide in rheumatoid arthritis.[7>-83]
All studies were small in number, with three stu-
dies having 20 or fewer patients and only two
having a sample size >100. Studies used different
measures of efficacy, including change in the
DAS28 score and swollen and tender joint
counts. In a prospective study of 40 patients,
Bingham and colleagues®?! showed that 49%
achieved an ACR 20 improvement at 24 months
and 42% at 48 months. The combination was
found to be effective, but no study had a placebo
arm. Adverse event profiles were in keeping with
the known risks of each drug.

9. Conclusions

The double-blind RCTs outlined in this review
have shown that leflunomide is effective in re-
lieving the symptoms of rheumatoid arthritis
and reducing radiological progression for up to
2 years. Treatment with leflunomide results in a
similar ACR response to that of sulfasalazine and
methotrexate. Subsequent open-label extensions
of double-blind RCTs have shown that the effects
on disease activity and radiographical progres-
sion are sustained for up to 4 years.

The adverse event profile of leflunomide is sim-
ilar to sulfasalazine in many respects, but rates of
gastrointestinal adverse effects, mild skin reactions,

Drug Saf 2009; 32 (12)



1132

Alcorn et al.

alopecia and hypertension are more frequent
than for methotrexate. Ten years of post-licence
marketing surveillance finds that the rates of the
initial adverse effects remain similar to those in
the original RCTs.

There may be increased risk of ILD, weight
loss and severe infection associated with lefluno-
mide use, but further investigation is required to
confirm this. Severe hepatatoxicity remains of
concern but is rare.

One of three studies of leflunomide in combi-
nation with methotrexate showed an increased
frequency of abnormal LFTs. Sulfasalazine in
combination with leflunomide was also effective.
More studies are needed to ascertain the effect
of leflunomide in combination with biological
therapies.

Significant drawbacks include leflunomide’s
adverse effect profile, teratogenicity and long
half-life. It should therefore be considered for
use during childbearing years only after serious
patient and physician consideration and with
extreme caution in those with pre-existing or
previous ILD or liver disease.
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