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Abstract

Leflunomide has not been previously associated with thrombotic 
thrombocytopenic purpura (TTP), a rare life-threatening clinical syn-
drome characterized by thrombotic microangiopathy (TMA) due to 
inability to cleave ADAMTS13. Here, we present the first case of 
leflunomide-induced TTP. Our patient developed encephalopathy, 
thrombocytopenia, anemia and hyperbilirubinemia 2 months after 
starting leflunomide. Schistocytes were noted on peripheral smear 
and ADAMTS13 activity was low (< 5%), consistent with acquired 
TTP. He received therapeutic plasma exchange, corticosteroids, 
rituximab and caplacizumab with normalization of hemolysis labs 
and ADAMTS13 activity. However, pancytopenia persisted, raising 
the suspicion for leflunomide toxicity. Oral cholestyramine treatment 
was empirically started before teriflunomide (a leflunomide metabo-
lite) level was found to be elevated. Blood counts normalized after 
cholestyramine and have remained normal at last follow-up over a 
year later. This is the first reported case of TTP precipitated by leflu-
nomide. Our case highlights the importance of recognizing drugs as 
an etiology of TMA and adds leflunomide to this list.
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Introduction

Leflunomide is an immunomodulatory drug used for the treat-
ment of autoimmune disorders such as rheumatoid arthritis 
(RA), psoriasis and multiple sclerosis. After absorption, leflu-
nomide is converted into its active metabolite teriflunomide, 
which is a potent inhibitor of dihydroorotate dehydrogenase 
(DHODH) - a key enzyme involved in de novo pyrimidine 

synthesis. Leflunomide likely exerts its immunosuppressive 
effects by inhibiting T-lymphocyte proliferation through this 
pathway [1, 2].

Thrombotic thrombocytopenic purpura (TTP) is a rare life-
threatening clinical syndrome characterized by thrombotic mi-
croangiopathy (TMA). Without urgent therapy, most patients 
die [3]. The underlying pathophysiology of TTP is severe de-
pletion of the protease responsible for cleaving ultra-large von 
Willebrand factor (vWF) multimers known as ADAMTS13 (A 
Disintegrin and Metalloproteinase with Thrombospondin type 
1 motif, member 13). Without ADAMTS13, ultra-large vWF 
multimers persist, resulting in binding and activation of circu-
lating platelets. This in turn, leads to widespread intravascu-
lar microthrombi formation, consumptive thrombocytopenia, 
hemolytic anemia and multi-organ failure [3].

TTP can be either hereditary or more commonly, acquired. 
Circulating autoantibodies lead to depletion of ADAMTS13 in 
acquired TTP, whereas hereditary forms result from decreased 
production of ADAMTS13 [4]. Drugs are increasingly being 
recognized as an etiology of acquired TTP or drug-induced 
TMA (DITMA). Clinical manifestations of drug-induced TTP 
and DITMA overlap and the two terms are often used inter-
changeably; however, the underlying mechanisms differ. TTP 
is characterized by a severe ADAMTS13 deficiency which 
often responds to plasma exchange, whereas DITMA results 
from intravascular platelet-rich thrombi formation induced 
by immune or non-immune mechanisms after drug exposure. 
It does not usually respond to plasma exchange and discon-
tinuation of the offending drug along with supportive care is 
required. Many drugs have been implicated in DITMA but 
evidence supporting a definite association of TMA is available 
for only a limited number of medications. Quinine is the most 
common cause of DITMA [5]. Others include chemothera-
peutics (gemcitabine, oxaliplatin and mitomycin), antibiotics 
(vancomycin), narcotics (oxymorphone) and immunosuppres-
sants (cyclosporine and tacrolimus) [5, 6].

To the best of our knowledge, we present the first case of 
leflunomide-induced TTP in a patient with RA.

Case Report

Investigations

A 78-year-old Caucasian man with hypertension and RA (on 
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sulfasalazine and leflunomide) presented to another hospital 
with acute encephalopathy, lethargy and an erythematous rash. 
He was found to be profoundly thrombocytopenic and anemic.

Six months prior to admission, blood counts were normal 
(Table 1). Two months prior, he started taking leflunomide 20 
mg daily for RA. Complete blood count at that time showed 
mild anemia with a normal platelet count (Table 1). He re-
duced leflunomide to 10 mg daily due to an episode of melena 
2 weeks prior to presentation. On admission (day 1), he was 
disoriented, tachycardic, afebrile and without hypoxia. Initial 
laboratory tests showed platelet count 3,000/µL, hemoglobin 
7.3 g/dL and total bilirubin 3.0 mg/dL (Table 1, Fig. 1).

Diagnosis

White blood cell (WBC) count, creatinine, vitamin B12, folate 
levels, partial thromboplastin and prothrombin times were 
normal. Peripheral blood smear revealed numerous schisto-
cytes per high power field. Brain magnetic resonance imag-
ing (MRI) was concerning for an acute left occipital stroke. 
Sulfasalazine, leflunomide and aspirin were held, and an AD-
AMTS13 activity level was obtained. Given suspicion of TTP, 
plasma exchange and intravenous methylprednisolone were 
started on day 1. Bone marrow biopsy performed on day 4 
showed normal trilineage hematopoiesis, adequate iron stores 
and no blasts. The ADAMTS13 activity returned as < 5%, con-
sistent with acquired TTP. However, no inhibitor/autoantibody 
was identified. Intravenous rituximab was initiated on day 9. 
His platelet count improved to 71,000/µL on day 10, but then 
declined to 56,000/µL, so he was initiated on caplacizumab, a 
vWF-directed antibody fragment, on day 12 (Table 1, Fig. 1).

On day 13, he was transferred to our tertiary care center. 
At admission to our hospital, his platelet count (45,000/µL) 
and hemoglobin (8.4 g/dL) remained low, but haptoglobin and 
lactate dehydrogenase (LDH) were normal (Table 1). WBC 
count, creatinine, reticulocyte index, immature platelet frac-
tion, B12, folate, iron and fibrinogen were normal. Infectious 
serologies were negative for hepatitis C virus (HCV), hepati-
tis B virus (HBV) and human immunodeficiency virus (HIV). 
There was no clinical evidence of RA flare and rheumatologic 
workup was negative for other autoimmune disorders. Daily 
plasma exchange, caplacizumab and prednisone were contin-
ued. Repeat ADAMTS13 activity was 82% (day 13) and 86% 
(day 23). With normalization of LDH and ADAMTS13 activ-
ity, a steroid taper was initiated on day 23. Caplacizumab and 
plasma exchange were discontinued on day 26. Repeat bone 
marrow biopsy on day 27 demonstrated slightly hypercellular 
marrow with erythroid predominance, minimal dyspoiesis and 
no blasts. Flow cytometry and cytogenetics were normal. The 
patient remained pancytopenic with a normal LDH on day 23 
(Table 1).

Treatment

Suspecting leflunomide toxicity, serum teriflunomide concen-
tration was obtained and oral cholestyramine 8 g three times 
daily was empirically started on day 24. His blood counts be- Ta
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gan to improve 2 days later on day 26 (Table 1, Fig. 1). The 
teriflunomide level from day 23 returned elevated at 60 ng/
mL [7].

Follow-up and outcomes

After 8 days of cholestyramine therapy, repeat teriflunomide 
level on day 32 was undetectable, and all blood counts were 
improving (Table 1, Fig. 1). He was discharged home with 
11 additional days of cholestyramine. Follow-up on day 38 
showed normalization of platelet and WBC counts (Table 1). 
To date, the patient has not relapsed with his last follow-up 
over a year from initial diagnosis.

Discussion

This is the first reported case of TTP precipitated by lefluno-
mide. The diagnosis of TTP was established by the presence 
of thrombocytopenia, microangiopathic hemolytic anemia 
and a very low-level activity of ADAMTS13 (< 5%). Treat-
ment with urgent plasma exchange, high-dose corticosteroids, 
rituximab and caplacizumab was highly effective for TTP with 
normalization of LDH and recovery of ADAMTS13 activity. 
However, platelet counts did not normalize. Delayed platelet 
count recovery with normal ADAMTS13 activity and lack of 
evidence of an active autoimmune flare or malignancy, raised 
our suspicion for leflunomide toxicity. Hence, cholestyramine 
was empirically administered to expedite clearance of the pre-
sumed toxic teriflunomide metabolite. The diagnosis was later 
confirmed by the elevated teriflunomide level while pancyto-
penic, and prompt improvement in hematologic parameters 

after clearance of the toxic metabolite. It is noteworthy that 
although leflunomide itself has a half-life of approximately 15 
days, its active metabolite teriflunomide can persist for up to 
2 years in the plasma due to extensive enterohepatic recircula-
tion [8]. Elimination can be dramatically enhanced by prevent-
ing enterohepatic recirculation with the use of binders such as 
charcoal or cholestyramine, as demonstrated here in our case 
[8].

The pathophysiology of drug-mediated TTP generally in-
volves either a toxic dose-related reaction, immune reaction, 
or metabolism-mediated mechanism [6]. Leflunomide can 
cause pancytopenia as we described in our case, by inhibiting 
DHODH. However, this does not explain our patient’s presen-
tation with TTP. An immune reaction seems less likely given 
the absence of ADAMTS13 inhibitors, negative direct Coomb’s 
testing, normal complement levels and the lack of clinical evi-
dence of an underlying rheumatologic flare at presentation. We 
posit toxic dose-related reaction of leflunomide as the most 
likely precipitant, supported by the elevated metabolite level 
on day 23, and normalization of the blood counts upon clear-
ing teriflunomide with cholestyramine. Since ADAMTS13 is 
synthesized in the liver, it is possible that leflunomide-induced 
hepatotoxicity caused its severe deficiency, albeit the liver 
enzymes remained normal. Definite causal association of an 
adverse drug reaction can be established by drug re-challenge, 
but it would be unsafe and potentially life-threatening in TTP 
and should not be attempted. The above evidence supports a 
probable association of leflunomide with TTP.

The Oklahoma TTP-HUS Registry, a comprehensive da-
tabase including over 1,300 reports of more than 300 drugs 
with their causal relation to drug-induced thrombocytopenia 
(TTP and TMA), was queried by direct correspondence [9, 
10]. There were no preexisting reports of definite causal asso-

Figure 1. Pertinent labs and trends during the patient’s clinical course.
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ciation of TMA/TTP with leflunomide. Previous reports have 
noted pancytopenia with macrocytic anemia and schistocytes, 
thought to be secondary to drug-induced megaloblastic anemia 
[11]. A case of TMA with moderately reduced ADAMTS13 
(35%) has been reported, but it was in the setting of hepatic 
and renal toxicity with long-term use of a combination of leflu-
nomide and methotrexate [12].

Learning points

Our case highlights the importance of recognizing drugs as an 
etiology of TMA. Once suspected, the offending agent must be 
promptly discontinued, and supportive care initiated. Drug-in-
duced TTP and DITMA have overlapping clinical presentations, 
but distinct underlying mechanisms and differing response to 
treatment. Measurement of ADAMTS13 activity can differen-
tiate the two; however, testing and results may not be readily 
available. Therapeutic plasma exchange should not be delayed 
if there is any suspicion of TTP. In patients with an initial plate-
let response to plasma exchange with subsequent worsening, or 
no response at all, alternative etiologies such as drug-induced 
toxicity should be considered. Further studies are needed to con-
firm the association between leflunomide and TTP.

In conclusion, this well-documented case of TTP associat-
ed with leflunomide adds to the medical knowledge. We hope 
it will increase awareness of rare drug complications.
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