
Description

Crystals, m.p. 166.5 °C (1); crystals, m.p. 165-6 °C (3);
crystals, m.p. 166-7 °C (2).

Introduction

The isoxazole derivative leflunomide is a novel
immunomodulating agent with a complex profile of activi-
ty. Its multiple mechanisms of action impart the com-
pound with a wide range of potential uses, and lefluno-
mide has been studied for various indications. The lion�s
share of attention, however, has been given to three
potential therapeutic indications for leflunomide: rheuma-
toid arthritis, transplantation and cancer.

Mechanism of Action Studies

The exact mechanism of action of leflunomide
remained unclear for many years, and even now cannot
be explained in a simple, cut-and-dried fashion. Several
mechanisms are involved in its therapeutic effects and
have varying degrees of importance, depending upon the
potential therapeutic use in question. 

Several early studies were conducted with the dual
objectives of demonstrating the therapeutic efficacy of
leflunomide and uncovering its mechanism of action.
Published summaries of these studies propose the fol-
lowing mechanisms of action as being responsible for the
immunomodulating activity of lebflunomide: inhibition of
tyrosine phosphorylation and pyrimidine nucleotide syn-
thesis (4, 5); inhibition of interleukin-2-stimulated tyrosine
kinase (p56lck) activity (6); inhibition of DNA replication,
leading to inhibition of lymphocyte proliferation (7); inhibi-
tion of uridine biosynthesis and blockade of growth factor-
stimulated proliferation of smooth muscle cells (8); inhibi-
tion of the production of immunostimulatory cytokines and
promotion of the production of immunosuppressive
cytokines (9); and inhibition of dihydroorotate dehydroge-
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Synthesis

Leflunomide can be obtained by several related ways:
Scheme 1.

1) The reaction of diketene (I) with 4-(trifluoromethyl)-
aniline (II) in hot acetonitrile gives N-[4-(trifluoro-
methyl)phenyl]acetoacetamide (III) (1), which by reaction
with triethyl orthoformate (IV) in refluxing acetic anhydride
yields the corresponding ethoxymethylene derivative (V).
Finally, this compound is cyclized with hydroxylamine in
refluxing ethanol/water (1, 2).

2) The reaction of ethyl acetoacetate (VI) with triethyl
orthoformate (IV) as before gives the corresponding
ethoxymethylene derivative (VII), which by cyclization
with hydroxylamine as before affords 5-methylisoxazole-
4-carboxylic acid ethyl ester (VIII). The hydrolysis of (VIII)
under acidic conditions yields the free acid (IX), which is
converted into the acid chloride (X) by standard methods
(1). Finally, this compound is condensed with 4-(trifluoro-
methyl)aniline (II) by means of triethylamine in acetonitrile
(1, 3).

3) The formation of leflunomide from acid (IX) or its
derivatives such as ethyl (VIII) or other esters can also be
performed through other standard procedures of amide
formation (1).

4) The N-[4-(trifluoromethyl)phenyl]acetoacetamide
(III) can also be obtained by reaction of 4-(trifluoro-
methyl)aniline (II) with 2,2,6-trimethyl-4H-1,3-dioxin-4-
one (XI) in refluxing xylene (2).
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bound to the lipoprotein-free fraction of plasma over the
concentration range of 0.4-100 mg/l. Oral administration
of leflunomide or i.v. administration of its metabolite to
healthy white New Zealand rabbits yielded half-lives of
3.88 ± 2.3 and 3.18 ± 1.6 h, respectively. Volume of dis-
tribution values indicated that distribution into tissues was
minimal following either oral or i.v. dosing. The mean res-
idence time of A-771726 was greater following oral dos-
ing of leflunomide than it was after i.v. dosing of the pro-
drug itself (mean residence time = 10.54 ± 2.6 and 6.76 ±
1.0 h, respectively). The area under the curve (AUC) was

nase, an important enzyme in the de novo pyrimidine
biosynthesis pathway (9, 10). The dihydroorotate dehy-
drogenase inhibitory activity of leflunomide has been
demonstrated both in vitro and in vivo (11, 12).

Leflunomide is rapidly converted in vivo to the active
metabolite A-771726 [I], and this metabolite has been
shown to possess two important activities: inhibition of
pyrimidine nucleotide synthesis and interference in tyro-
sine phosphorylation (13). A-771726 has also been
shown to inhibit dihydroorotate dehydrogenase (11-13), a
key enzyme in the synthesis of uridine monophosphate.

Pharmacokinetics, Pharmacodynamics
and Metabolism

In a study of the blood distribution and pharmacoki-
netics of leflunomide following single-dose administration
in rabbits, A-771726 was shown to be more than 95%
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cophore responsible for the immunosuppressive effects
of A-771726 is a beta-keto amide with the enolic hydroxy
group fixed in a configuration cis to the amidic moiety
(19).

Side Effects

Side effects of leflunomide in clinical studies have
included dose-dependent rash, reversible alopecia and
elevated liver function tests, as well as gastrointestinal
side effects (16, 20). In general, gastrointestinal effects
including anorexia, abdominal pain, diarrhea, nausea,
vomiting, gastritis and gastroenteritis are the most fre-
quently reported adverse events with leflunomide. No
nephrotoxicity or myelotoxicity has been observed, and
the drug is not associated with an increased incidence of
opportunistic infections (24).

Leflunomide for Rheumatoid Arthritis

Several mechanisms of action appear to be involved
in the antirheumatic activity of leflunomide. The com-
pound significantly impairs the activity of various
cytokines (IL-2, IL-3, IL-4, IL-5, TNF-α, GM-CSF),
although it does not completely inhibit their production. It
also inhibits the adhesion of inflammatory cells to the
endothelium and inhibits the activation of tyrosine kinase.
Finally, and perhaps most importantly, leflunomide
inhibits the de novo biosynthesis of pyrimidine, resulting
in direct antiproliferative effects in lymphocytes and B-
cells. It has shown favorable activity in the adjuvant arthri-
tis model in rats and in proteoglycan-induced arthritis in
mice. In animal models of chronic rheumatoid arthritis,
leflunomide did not simply suppress inflammation, it actu-
ally blocked the progression of disease to uninvolved
joints (20).

In mice with proteoglycan-induced arthritis, treatment
with leflunomide (35 mg/kg/day) for 12 weeks led to sup-
pression of acute inflammatory events, reduced antibody
titers and less joint stiffness. Further degradation of carti-
lage was also halted, and leflunomide-treated animals
were protected against new inflammatory events as well
as exacerbations of disease. The favorable effects of
leflunomide in this model of arthritis were found to be pri-
marily due to the suppression of autoreactive antibodies
(21, 22).

In rats with established arthritis, treatment with
leflunomide (2.5-10 mg/kg/day) was initiated on day 3 of
disease, leading to effective inhibition of both acute and
chronic phases of arthritis. Neither leflunomide nor
ciclosporin (both at doses of 1 mg/kg/day), administered
alone, had any measurable effect on disease severity or
antibody levels in rats. Combination therapy with lefluno-
mide plus ciclosporin at these subeffective doses, how-
ever, led to significant reductions in histopathological
scores or chronic arthritis (23). 

statistically equivalent following i.v. dosing of the metabo-
lite or oral administration of the prodrug, indicating 100%
bioavailability (14).

A single- and multiple-dose study in rats was also con-
ducted for purposes of pharmacokinetic/pharmacody-
namic evaluation. Leflunomide was administered as sin-
gle oral doses of 5, 10 or 20 mg/kg, leading to nearly
complete inhibition of the incorporation of [3H]-thymidine
� a measure of lymphocyte proliferation � after just 2 h.
Peak (Cmax) and trough (C24) concentrations, AUC and
clearance increased dose-dependently following single-
dose administration. In the multiple-dose study, lefluno-
mide was administered for 14 days at doses of 4 or 10
mg/kg, producing dose-dependent increases in peak
(Cmax) and trough (C24) drug concentrations and AUC.
The elimination half-life of leflunomide was shorter and
clearance values and volume of distribution were greater
in the multiple-dose study than in the single-dose study.
Pharmacokinetics and pharmacodynamics showed a
high degree of interindividual variability at all doses test-
ed; this variability was attributed to differences in degree
of absorption, enzymatic induction and enterohepatic
recirculation. Thus, clinical monitoring may be necessary
until steady-state concentrations of the active metabolite
are attained (15). 

In a pharmacokinetic study in healthy volunteers, the
parent drug leflunomide was not detected; only the active
metabolite A-771726 was recovered. The majority (90%)
of the administered dose was recovered in urine and
feces. The terminal half-life of leflunomide was 7-8 days
following a single dose, and averaged 11.1 days (range
3.7-28.4 days) following multiple dosing for 14 days.
Clearance was approximately 51 ml/h. In healthy volun-
teers and in patients with rheumatoid arthritis, leflunomide
was extensively metabolized to A-771726, and the
metabolite was extensively protein-bound. Steady-state
plasma concentrations were attained following 20 weeks
of drug administration. Elimination of the active metabo-
lite was very slow (6-40 days), and clearance of the
metabolite decreased with increasing dose of leflunomide
(16).

An HPLC method was developed for purposes of ana-
lyzing pharmacokinetics and plasma levels of leflunomide
in rats. The analytical recovery using this method was
90% and the detection limit was 50 ng/ml. Leflunomide,
administered at a dose of 5 mg/kg p.o., disappeared
rapidly from the blood stream (Cmax = 0.3 µg/ml; AUC =
0.5 µg.h/ml). Its active metabolite A-771726, however,
had a Cmax of 22.1 µg/ml and an AUC of 348 µg.h/ml, indi-
cating that the immunosuppressive effects of leflunomide
are indeed directly attributable to the pharmacokinetic
behavior of its metabolite (17).

The development of an HPLC methodology for use in
human pharmacokinetic studies has also been described.
The method demonstrates good analytical recovery in
human blood (78 ± 13.5-108 ± 4.8% for drug concentra-
tions of 400-100,000 µg/l) (18).

A study designed to further investigate the metabo-
lism of leflunomide has shown that the active pharma-
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drug is indicated for reducing signs and symptoms and for
retarding structural damage as evidenced by X-ray ero-
sions and joint space narrowing, marking the first time a
disease-modifying treatment has been indicated for
retarding structural damage in rheumatoid arthritis based
on X-ray analysis. The NDA was submitted by Hoechst
Marion Roussel in March and in August an FDA advisory
committee unanimously recommended approval. The
company plans to begin shipping AravaTM immediately
and expects that the product will be available by mid-
October. AravaTM will be available as tablets containing
10, 20 and 100 mg (29). The company has also filed with
the European Medicines Evaluation Agency for EU-wide
approval (30).

Leflunomide for Transplantation

Leflunomide has also been extensively studied in ani-
mal models indicating its potential for use in transplant
procedures. A recent study has shown that A-771726, the
active metabolite of leflunomide, prolongs graft survival in
vivo in rodents by decreasing the activity of dihydrooro-
tate dehydrogenase (DHODH) in graft-infiltrating lympho-
cytes. Both the antiproliferative and immunosuppressant
effects of leflunomide are antagonized by uridine supple-
mentation, indicating that the immunosuppressive effects
of A-771726 are based on interference with pyrimidine
biosynthesis via DHODH inhibition (31). The suppression
of nitric oxide release from activated macrophages has
also been suggested to contribute to the immunosup-
pressive activity of leflunomide (32).

The inhibition of interleukin-2 (IL-2)-responsive lym-
phocytes is another mechanism that has been suggested
to play a part in the immunosuppressive activity of
leflunomide in transplantation. In a rat model of orthotopic
small intestinal transplant (Brown Norway-to-Lewis),
leflunomide (5 mg/kg/day by gavage for 7, 14 or 28
days) significantly prolonged the survival of allografts.
When administered as the active metabolite A-771726
(5 mg/kg/day for 7 or 15 days), graft survival was pro-
longed even further. In a semiallogeneic model of acute
graft-vs.-host disease and rejection, treatment with
A-771726 resulted in virtually indefinite survival of grafts
in all recipients. No significant toxicity was observed over
the range of doses used in this study (33).

The effects of 21-day treatment with leflunomide (1,
2.5, 5 or 10 mg/kg once daily or 2.5 or 5 mg/kg b.i.d.)
were evaluated in rat heart allograft recipients. Drug
exposure was shown to correlate directly with dose and
Cmax and indirectly with histologic severity of transplant
rejection. Repeat administration of leflunomide resulted in
reduced drug exposure, probably as a result of induction
of drug metabolism, suggesting that dose adjustment will
be necessary in order to produce constant immunosup-
pression. Pharmacokinetics in this rat model correlated
with pharmacodynamics, and degree of rejection severity
correlated inversely with pharmacodynamics (34).

In a phase II placebo-controlled study in patients with
severe rheumatoid arthritis, daily oral administration of
leflunomide (5, 10 or 25 mg) for 6 weeks was well toler-
ated and resulted in objective and subjective clinical
improvement, as well as improved immunologic parame-
ters. Improvements were observed as early as 4 weeks
after beginning treatment in all active treatment groups,
as well as in the placebo group. Statistically significant
improvements were seen in the 10-mg leflunomide group
as compared to placebo. Efficacy did not increase with
higher doses, although side effects became more prob-
lematic (20).

A prospective phase II trial, evaluating the safety and
efficacy of leflunomide in treating active rheumatoid
arthritis, was undertaken in 402 patients. Following a sin-
gle loading dose of 50 or 100 mg, patients were treated
with 5, 10 or 25 mg/day for 24 weeks. Both primary and
secondary outcome parameters improved in a dose-
dependent fashion, although adverse events (gastroin-
testinal symptoms, rash, alopecia, liver enzyme abnor-
malities and thrombocytopenia) also increased with
increased doses (21, 22). More than 500 patients were
treated during an open-label extension of the same study,
some for as long as 2 years. Improvements were noted
as early as 4 weeks after beginning treatment and con-
tinued through weeks 16-26, at which point most patients
experienced disease stabilization. Concomitant treatment
with corticosteroids or NSAIDs did not appear to adverse-
ly affect the activity of leflunomide in this study (24). 

The antiarthritic activity of leflunomide was compared
to that of other disease-modifying antirheumatic drugs
(DMARDs) (methotrexate, ciclosporin and levamisole) in
168 patients with RA. Treatment consisted of 10-25
mg/day for 30 months in the case of leflunomide, 7.5-15
mg/week for 12-84 months in the case of methotrexate,
2.5-5 mg/kg/day for 6-12 months in the case of
ciclosporin and 150 mg/week for 12 months or more in
the case of levamisole. Full or partial clinical response
rates for the four respective DMARDs were 87%, 85%,
68% and 63%. Adverse events were frequent with all four
drugs, but were most pronounced on levamisole. In the
case of the title compound, adverse events were gener-
ally mild and transient, and did not result in treatment
withdrawal. Efficacy was most pronounced in RA patients
in early stages of the disease (26).

Leflunomide has also been administered as a weekly
dosing regimen (100 or 200 mg p.o./week x 24 weeks) in
a small group of 47 patients with active RA. Although clin-
ical response was generally good (54% and 65% for low-
and high-dose leflunomide), compliance with the weekly
regimen was problematic (27). Immune system activa-
tion, measured in terms of total number of T- and B-cells
in peripheral blood, number of activated T-cells and mem-
ory T-cells, number of autoreactive B-cells and number of
plasma (CD38+) cells, decreased after 6 months of treat-
ment with once-weekly leflunomide, and this decrease
was correlated with clinical improvement in disease (28).

The FDA has approved leflunomide (AravaTM) for the
treatment of active rheumatoid arthritis in adults. The
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imperfect immunosuppressive activity; when used in
combination with ciclosporin, however, xenorejection and
production of anti-xenoantibodies were suppressed
entirely (40). Furthermore, induction therapy with the
combination of leflunomide and ciclosporin enabled long-
term survival of xenografts in rats on maintenance thera-
py with ciclosporin alone (41).

Other potential uses of leflunomide in transplantation
have also been explored in preclinical models, including
pancreatic islet transplantation in rats (43) and in murine
recipients of porcine islet grafts (44), and in two different
rat models of corneal allograft transplantation (45, 46).

Leflunomide in Combination Regimens
for Transplantation

The activity of leflunomide was shown in several stud-
ies to be significantly enhanced when used in combina-
tion with other immunosuppressants, especially
ciclosporin. In a canine model of renal transplantation,
leflunomide was administered to 38 female dogs submit-
ted to kidney transplant and bilateral nephrectomy. Dogs
were either left untreated or administered leflunomide
(2, 4, 8 or 16 mg/kg/day p.o.), alone or in combination
with ciclosporin (10 mg/kg/day). For purposes of evaluat-
ing toxicity while maintaining constant low drug levels in
blood, another group of 8 dogs was given the study drug
by constant i.v. infusion (2, 4, 6 or 8 mg/kg/day). Graft sur-
vival duration in untreated controls averaged 9 days,
while in the 2-, 4-, 8- and 16-mg/kg/day leflunomide
groups mean survival was 9, 16, 28 and 21 days, respec-
tively. Dogs treated with ciclosporin (10 mg/kg/day)
monotherapy had a mean survival time of 13 days. In the
leflunomide plus ciclosporin-treated group, mean graft
survival time was 68 days. Animals administered lefluno-
mide by constant i.v. infusion had mean survival times of
10, 20, 14 and 21 days in the respective dose groups.
Acute allograft rejection was effectively prevented in dogs
administered the highest oral dose of leflunomide, but
animals died of inanition in spite of normal renal function.
At a dose of 4 mg/kg/day, leflunomide was nontoxic but
did not effectively prevent rejection. The most favorable
results were thus obtained with the combination of sub-
optimal doses of leflunomide (4 mg/kg/day) and
ciclosporin (10 mg/kg/day), which resulted in mainte-
nance of normal renal function and weight for 30 days or
more. These results imply interesting potential for clinical
use of leflunomide in transplantation, alone and especial-
ly in combination with ciclosporin (47).

Synergistic immunosuppressive effects were
observed with a combination, at low dosages, of lefluno-
mide and ciclosporin in Brown Norway-to-Lewis rat car-
diac transplantation. Pharmacokinetic evaluation demon-
strated that treatment for 28 days did not alter trough
levels or elimination of ciclosporin, indicating that synergy
was not the result of decreased elimination. Toxicity of
both drugs, whether administered alone or in combina-
tion, was negligible as judged by observation of general

In a mouse model of graft-vs.-host disease, treatment
with leflunomide restored abnormally suppressed lym-
phocyte responses to T-cell mitogens. Neither pred-
nisolone nor indomethacin was effective in this model,
and the activity of ciclosporin was dose-dependent and
less potent; at some doses, ciclosporin actually inhibited
the T-cell response further. In spite of this activity in graft-
vs.-host disease, leflunomide appeared to be inactive in
early models reflecting prevention of transplant rejection.
Later studies proved, however, that leflunomide pro-
longed the survival of kidney allografts (BN-to-Lewis rats)
from 8 days in untreated animals to >60 days in lefluno-
mide-treated rats. The compound was also shown to be
effective in preventing ongoing rejection of skin grafts in
rats and, furthermore, demonstrated a significantly differ-
ent mechanism of action from that of ciclosporin A in this
model (35, 36). 

In another study evaluating the immunosuppressive
effects of leflunomide in skin graft allotransplantation
models in rats, the title compound effectively increased
survival time of transplanted skin in several different mod-
els. Long-term graft survival was obtained even after
short courses of leflunomide therapy, and the compound
was effective both in treating acute graft rejection and in
inducing transplant tolerance. No side effects were
reported. These findings are especially significant in light
of the well-known, strong immunogenicity of the skin (37).

The efficacy and safety of leflunomide were demon-
strated further in a rat cardiac allotransplantation model
using two different strain combinations (DA-to-PVG and
DA-to-Lewis). When administered to animals on day 2 of
ongoing rejection (DA-to-PVG), title compound (5 mg/kg)
was equipotent to tacrolimus (1 mg/kg) but less effective
than ciclosporin. In the DA-to-Lewis model, however,
leflunomide was equipotent to both tacrolimus (1 mg/kg)
and ciclosporin (15 mg/kg). If administered on day 4 of
ongoing rejection, leflunomide (10 mg/kg) improved graft
survival in both strain combinations in a dose-dependent
manner, and was as active as both reference drugs. The
toxicity of the title compound (5-20 mg/kg) was less pro-
nounced than that of the reference drugs at therapeutic
doses (38). In another rat cardiac allotransplantation
model (Brown Norway-to-Lewis), leflunomide prevented
acute rejection and induced indefinite engraftment follow-
ing 3 weeks of treatment. Its efficacy and toxicity were
comparable to those of ciclosporin in this model, except
that the ability of the title compound to reverse acute
rejections and to produce significant allograft survival was
superior to that of ciclosporin (39).

Due to the continued shortage of donor organs for
transplantation, xenotransplantation is being investigated
as an option. The problem of strong immunologic barriers
when going from one species to another continues to
exist, however, and improved rejection control is impera-
tive if xenotransplantation is to become a reality.
Leflunomide has been evaluated in models of hamster-
to-rat xenotransplantation (40, 41) and in the so-called
�rat-antihuman� xenogeneic model (42). In the former
model, leflunomide monotherapy induced potent but
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with Leishmania major, a model resembling human vis-
ceral leishmaniasis (57).

Title compound also demonstrated potent prophylac-
tic and some therapeutic effects in a rat model of
glomerulonephritis induced by antibasement membrane
antibody (58, 59), as well as therapeutic efficacy in rats
with acute and chronic relapsing experimental allergic
encephalomyelitis, a model of human CNS disorders
such as multiple sclerosis (60). Administration of lefluno-
mide or A-771726 in a rodent model of toxin-induced
autoimmune diabetes was shown to induce protective
effects, with significant reduction of hyperglycemia and
preservation of islet architecture in mice treated with the
metabolite at doses of 5-25 mg/kg/day for 10 days, espe-
cially when treatment was initiated at the time of diabetes
induction (61).

Finally, a series of canine models was employed to
demonstrate the potential utility of leflunomide in treating
naturally occurring immune-mediated and inflammatory
diseases that are resistant to treatment with conventional
drugs, including immune-mediated thrombocytopenia,
immune-mediated hemolytic anemia and Evan�s syn-
drome, multifocal nonsuppurative encephalitis/meningo-
myelitis and systemic histiocytosis (62).

Leflunomide for Cancer

Leflunomide has also been found to have significant
therapeutic potential as an oncolytic agent, and Sugen
has obtained rights from Hoechst Marion Roussel to
develop the compound for this indication. SU-101, the
designation used by Sugen, exerts its anticancer effects
via a completely different mechanism: inhibition of the
epidermal growth factor receptor (EGFR) tyrosine kinase.
Sugen has been awarded various patents covering the
use of the compound in treating cancer (2, 63), as well as
a patent covering proprietary formulations (64).

SU-101 has been shown to inhibit PGDF-mediated
signaling and cell proliferation in vitro and in vivo in rodent
tumor xenografts. As stated above, the compound under-
goes rapid metabolism in plasma to yield the butenamide
metabolite, SU-0020 (Sugen�s designation for A-771726).
An in vitro study was conducted in order to determine
whether SU-101 or SU-0020 is responsible for the antitu-
mor activity of the compound. Both SU-101 and SU-
65847 (a nonmetabolizable isomeric form of SU-101)
inhibited PDGF-dependent cell cycle progression and
PDGF receptor tyrosine autophosphorylation in vitro in
tumor cells, and the addition of uridine had no effect on
these activities. In contrast, SU-0020 did not inhibit PDGF
receptor tyrosine autophosphorylation, and its cell-cycle
progression-inhibitory and tumor growth-inhibitory activi-
ties were both reversed upon addition of uridine to the
culture medium. The tumor growth-inhibitory activity of
the metabolite was more pronounced in rodent cells than
in human cells, which is consistent with previous reports
describing species-dependent differences in the sensitiv-
ities of pyrimidine biosynthetic enzymes to the compound.

appearance and testing for serum ALT, AST, bilirubin, cre-
atinine, white blood cell counts and hemoglobin and
appearance of gross necropsy. Evaluation of this combi-
nation in transplant procedures in human patients
appears to be justified (48).

The mechanism underlying the synergy of lefluno-
mide and ciclosporin was investigated in an in vivo study.
Ciclosporin is known to act by specifically suppressing
T-cell responses, thus interfering with TCR-induced sig-
naling pathways, while leflunomide suppresses B-cell-
mediated immune responses. Leflunomide also inhibits
T-cell functions involved in clonal expansion but does not
affect lymphokine secretion and therefore does not inhib-
it lymphokine-mediated immune functions. These signifi-
cantly different and yet complementary mechanisms of
immunosuppression lead to synergistic activity of the
drugs when used in combination (49).

The use of leflunomide in other drug combinations
has also been explored in preclinical transplantation mod-
els. The combination of leflunomide (5 or 10 mg/kg/day
by gavage) and tacrolimus (0.2 or 0.5 mg/kg/day i.m.)
was found to prolong the survival of pancreatic islet allo-
grafts in a rodent model, with more potent effects
obtained with the combination of subtherapeutic doses of
each drug than through use of either drug alone (50). The
combination of leflunomide and tacrolimus was also eval-
uated in a rat model of cardiac allotransplantation. In this
case, however, the results were not as clearly promising
(51).

Leflunomide, administered in combination with anoth-
er dihydroorotate dehydrogenase inhibitor, brequinar
sodium, was evaluated in a rat cardiac allotransplantation
model, and the effects were compared to those of bre-
quinar plus tacrolimus. Promising results were obtained
with both brequinar-containing combinations (52). Other
combinations that have been evaluated include lefluno-
mide plus rapamycin and leflunomide plus mycopheno-
late mofetil. Synergistic immunosuppressive effects have
been observed in vitro in all cases (53). Interesting results
were also obtained in an islet xenotransplantation model
in rats using triple combination therapy with leflunomide,
ciclosporin and mycophenolate mofetil (54). 

Leflunomide for Other Immune Disorders

Based on its potent immunosuppressive and antipro-
liferative effects, leflunomide has also been evaluated in
various preclinical models of immune diseases. Studies
have been reported demonstrating the therapeutic effects
of leflunomide and of its metabolite A-771726 in models
of dermatologic disease (55), and a case report has
described the beneficial effects obtained in a patient with
severe, unstable plaque psoriasis treated with lefluno-
mide for 12 weeks (56).

Leflunomide (30 mg/kg/day p.o.) prevented the devel-
opment of parasite-induced lesions and the resulting
immune response in genetically susceptible mice infected
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effects. At least 30 patients are expected to be included
in this ongoing study (69).

Another phase II study has been reported in 15
patients with recurrent malignant glioma administered a
4-day loading dose of 417-443 mg/m2/day SU-101, fol-
lowed by maintenance therapy every 7-14 days. Nine
patients completed the first treatment cycle and 7 contin-
ued for a second cycle. One patient had a minor response
(25% decrease in cross-sectional area) lasting for at least
32 weeks and 5 had stable disease lasting for 16-41
weeks. Toxicities were mainly grade I-II and were typical
for this type of cytostatic agent. Grade III adverse effects
included elevated ALT, asthenia and neutropenia, and 1
case of grade IV ALT elevation was reported in this study
(possibly due to synergy with anticonvulsants). This dos-
ing regimen was considered to provide optimized tolera-
bility and anticancer activity in patients with malignant
glioma (70).

Sugen recently initiated a new phase II trial evaluating
SU-101 in patients with ovarian cancer. Thirty patients
who have failed standard therapy will be enrolled in this
study, which will evaluate efficacy as well as safety. The
trial will take place at two U.S. centers, with two addition-
al sites to be activated at a later date. The phase II trial is
designed to assess the efficacy of SU-101 based on
objective response and stabilization of disease.
Secondary objectives include assessment of time to dis-
ease progression, effect on CA125 levels and safety.
Clinical trials are also under way evaluating SU-101 in
patients with glioblastoma as monotherapy in patients
who have had a first relapse (phase III) and in combina-
tion with BCNU in newly diagnosed glioblastoma patients
(phase II) (71).

Manufacturers

Hoechst Marion Roussel AG (DE); Sugen, Inc. (US).
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