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A 66-year-old man presented to the emergency depart-
ment with a 2-week history of progressive weakness and 
lethargy. Three months before presentation, he had 

been started on azathioprine therapy for immunoglobulin (Ig) 
G4-related biliary disease. Comorbidities included hypertension, 
peripheral vascular disease, type 2 diabetes mellitus, salivary 
gland fibrosis, hypothyroidism, gastresophageal reflux disease, 
hyperlipidemia, osteoarthritis and gout. The patient was taking 
azathioprine 200 mg once daily and had been taking allopurinol 
100  mg once daily for several years to manage his gout. Other 
medications included sitagliptin 100  mg once daily, gliclazide 
120  mg once daily, acetylsalicylic acid 81  mg once daily, 
extended-release metoprolol 200  mg once daily, ramipril 5  mg 
once daily, atorvastatin 40  mg once daily, rabeprazole 20  mg 
twice daily, clonazepam 2  mg at bedtime, gabapentin 100  mg 
3  times daily, venlafaxine 225  mg daily, vitamin D 1000 IU once 
daily and ibuprofen 800 mg as needed. 

On examination, the patient was hypotensive at 92/45 mm Hg. 
He appeared mildly fatigued and was not pale or jaundiced. There 
was no hepatosplenomegaly or abdominal mass, and a digital 
rectal exam did not show any melena.

Initial laboratory investigations showed that the patient had a 
hemoglobin of 56 (normal range 135–170) g/L which was down 
from 86 g/L and 158 g/L, 1 month and 3 months before, respec-
tively. His other blood test results were as follows: mean corpus-
cular volume 107.8 (normal range 80.0–100.0) fL (90.0  fL 
3 months before), white blood cell count 3.2 (normal range 4.0–
10.0) × 109/L, neutrophils 2.1 (normal range 2.0–7.5) × 109/L, lym-
phocytes 0.6 (normal range 1.0–4.0) × 109/L and platelet count of 
194 (normal range 150–400) × 109/L. The patient received a blood 
transfusion in the emergency department and his blood pressure 
improved to 127/70  mm  Hg. Our differential diagnosis included 
an active bleed from an intra-abdominal source, hemolysis, 
malignant disease and drug-induced anemia.

On admission to hospital, azathioprine was stopped because of 
its known myelosuppressive effect. Acetylsalicylic acid, ramipril and 
metoprolol were also stopped on admission because of concerns 
related to bleeding and hypotension. A reticulocyte count measured 
the day after his admission was 71 (normal range 10–100) × 109/L. 

Investigations for anemia included upper and lower endos-
copy that showed no gastrointestinal source of bleeding. A com-
puted tomography scan of the abdomen and pelvis did not sug-
gest intra-abdominal or retroperitoneal bleeding. Investigations 
for possible hemolysis included the following: lactate dehydro-
genase 339 (normal range < 225) U/L, total bilirubin 15.8 (normal 
3.4–17.1) μmol/L, direct bilirubin 6.8 (normal 0.0–5.0) μmol/L and 
haptoglobin 0.79 (normal 0.3–2.0) g/L. A direct antiglobulin test 
was negative for IgG and complement. The patient’s serum vita-
min B12 level, thyroid stimulating hormone and iron profile were 
all within normal limits. A bone marrow biopsy showed normo-
cellular trilineage hematopoietic marrow with megaloblastoid 
features, but no convincing morphological features that met the 
criteria for myelodysplasia. Cytogenetic studies on the bone mar-
row aspirate were normal.

Having ruled out a source of active bleeding as well as hemo-
lytic and malignant processes, we focused on a diagnosis of drug-
induced anemia related to azathioprine. We consulted the clinical 
pharmacology team, who tested for thiopurine methyltransferase 
(TPMT) gene mutations. They also suggested stopping the 
patient’s allopurinol, because anemia has been linked to an inter-
action between allupurinol and azathioprine. Angiotensin- 
 converting-enzyme inhibitors such as ramipril — which the patient 
had been taking — have also been associated with anemia and 
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KEY POINTS
• Severe anemia and myelosuppression are rare but serious 

complications of azathioprine that are more likely to occur at 
high doses or when potentiated by interactions with other 
drugs.

• Xanthine oxidase inhibitors such as allopurinol or febuxostat 
increase the production of myelotoxic metabolites from 
azathioprine.

• Initiation of azathioprine should be accompanied by regular 
monitoring of a complete blood count with differential and liver 
enzymes at least every 2 weeks during initial dose titration, and, 
once stable, at least every 3 months thereafter, as clinically 
appropriate.
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leukopenia when taken concurrently with azathioprine.1 However, 
this association has exclusively been reported in patients who 
underwent renal transplantation; in this context, anemia is 
thought to be related to decreased erythropoietin levels.1 Our 
patient’s test results for TPMT mutations were negative; therefore, 
we concluded that his anemia was most likely related to azathio-
prine use, potentiated by allopurinol. He received a total of 3 units 
of packed red blood cells and his hemoglobin remained stable 
throughout admission. His leukocyte counts also recovered gradu-
ally. After 1 week in hospital, we discharged our patient.

A follow-up visit 2 weeks after stopping azathioprine and allo-
purinol showed that our patient’s hemoglobin had continued to 
rise, from 78  g/L at the time of hospital discharge to 100  g/L. 
Repeated blood tests over the next 3 months showed continued 
improvement in hemoglobin levels (Figure 1). The patient opted 
to remain off azathioprine therapy and we prescribed mycophe-
nolate sodium 720 mg twice daily as an alternative agent for his 
IgG4-related biliary disease. He also remained off allopurinol and 
has not had any recurrent flares of gout.

Using the World Health Organization Uppsala Monitoring Cen-
tre causality categories, it is “probable” that azathioprine was 
responsible for our patient’s severe anemia.2 This is based on the 
temporal relation between initiation and onset of laboratory 
abnormalities, the low likelihood of other causes and the 
patient’s response to stopping azathioprine.2 As per the patient’s 
wishes, he was not rechallenged with azathioprine. We reported 
this case to the Canada Vigilance Program, a postmarket surveil-
lance program by Health Canada that collects reports of sus-
pected adverse reactions to health products.

Discussion

Azathioprine and myelosuppression
Azathioprine is a commonly used immunosuppressant, and is 
approved by Health Canada for the treatment of rheumatoid 
arthritis and for the prevention of graft rejection in renal trans-
plant patients.3 It also has several off-label uses for inflammatory 
bowel disease, IgG4-related biliary disease and other transplant 
populations such as heart, lung and liver.3–5 Myelosuppression as 
evidenced by leukopenia5–7 is a common adverse effect and is 
attributed to high drug metabolite levels in a dose-dependent 
manner.6

Severe anemia is an uncommon manifestation of azathioprine-
related myelosuppression, and has been described in case 
reports as megaloblastic anemia or pure red cell aplasia.8 In our 
patient, myelosuppression manifested as both leukopenia and 
severe anemia.

Azathioprine pharmacology and interaction with other 
drugs
Azathioprine, a prodrug, is metabolized into its active form, 
6-mercaptopurine, by a nonenzymatic process. As Figure 2 shows, 
6-mercaptopurine is subsequently metabolized through 3 path-
ways: by TPMT into 6-methylmercaptopurine, by xanthine oxidase 
into 6-thiouracil, and by hypoxanthine guanine phosphoribosyl-
transferase into 6-thioguanine.6 Inhibition of the TPMT or xanthine 
oxidase pathways leads to increased 6-mercaptopurine bioavail-
ability, which in turn increases the levels of the toxic metabolite, 
6-thioguanine, increasing the risk of myelosuppression.5,6
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Figure 1: Hemoglobin (Hb) and white blood cell (WBC) count of a 66-year-old man taking azathioprine. Trend shows a gradual decline in Hb and WBC 
until the patient was admitted to hospital and azathioprine was stopped at week 12, after which Hb and WBC begin to improve. 
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About 11% of the general population has low TPMT activity, 
putting this group at risk of myelosuppression with the use of aza-
thioprine.6 Medications such as 5-aminosalicylic acid, sulfasalazine 
and furosemide are also known to suppress TPMT activity and 
would similarly increase the risk of myelosuppression.6

The absence of a TPMT genetic mutation in our patient supports 
our hypothesis that an interaction between azathioprine and allo-
purinol, a xanthine oxidase inhibitor, was the main reason for his 
severe anemia. Moreover, both azathioprine and allopurinol modu-
late purine synthesis and have been implicated in megaloblastosis.9

These 2 medications have been safely combined in patients 
with inflammatory bowel disease, for whom combination ther-
apy has been shown to help minimize the hepatotoxic effects of 
the 6-methylmercaptopurine metabolic pathway.7 However, when 
using azathioprine with allopurinol, a lower dose of azathioprine 
(about 25%–50% of the monotherapy dose), with weekly com-
plete blood counts in the first month to monitor for toxic adverse 
effects, is suggested.5,7 The use of febuxostat, another xanthine 
oxidase inhibitor used as urate-lowering therapy for gout, should 
prompt similar precautions and dosing considerations.10 Other 
noteworthy drug–drug interactions with azathioprine and their 
mechanisms are listed in Table 1.1,4,6

Time course of azathioprine toxicity and recovery
According to case reports, severe anemia related to azathioprine 
develops in most patients within the first 2 months of drug  

treatment.8,11 Similar to our patient, anemia tends to improve 
within 2 to 3 weeks after azathioprine is stopped.8

Stopping the use of azathioprine and suspected interacting 
drugs is the most important aspect of clinical management. Sub-
sequent management of symptomatic anemia is supportive, con-
sisting largely of blood product transfusions until the hemoglo-
bin has stabilized.8
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Figure 2: Pathways of azathioprine metabolism. Allopurinol inhibits the xanthine oxidase (XO) pathway, which normally metabolizes 6-mercaptopurine 
(6-MP) into 6-thiouracil (6-TU), a nonactive metabolite. Inhibition of the XO pathway leads to shunting toward the hypoxanthine phosphoribosyltransfirase 
(HPRT) pathway, increasing the production of 6-thioguanine (6-TG), thereby increasing the risk of myelosuppression.2,3 Polymorphisms in the thiopurine 
methyltransferase (TPMT) enzyme can also cause shunting toward production of 6-TG. Hyperactivity in TPMT can increase the risk of hepatotoxicity 
through the production of 6-methylmercaptopurine (6-MMP).2,3

Table 1: Notable drug–drug interactions with 
azathioprine1,4,10

Drug class Drug effect or interaction

Aminosalicylates
• Sulfasalazine

• 5-aminosalicylic acid

Inhibits thiopurine 
methyltransferase pathway of 
azathioprine metabolism

Angiotensin-converting-enzyme  
inhibitors

Reported to induce anemia and 
leukopenia when used 
concurrently with azathioprine 
among patients who have had a 
renal transplant

Warfarin Azathioprine may inhibit the 
anticoagulant effect of warfarin

Xanthine oxidase inhibitors
• Allopurinol

• Febuxostat

Inhibits the xanthine oxidase 
pathway of azathioprine 
metabolism
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Monitoring and TPMT testing
When starting azathioprine, a complete blood count with differen-
tial and liver enzymes should be monitored at least every 2 weeks 
during initial dose titration and, once stable, at least every 
3 months thereafter, as clinically appropriate.12 Monitoring for and 
early detection of potential drug toxicity would guide interventions 
that might prevent adverse effects similar to what our patient 
experienced. Genetic testing for TPMT mutations should be con-
sidered in certain clinical settings. For example, the Canadian Gas-
troenterology Guideline recommends TPMT testing for patients 
with inflammatory bowel disease who are starting azathioprine to 
help guide dosage and identify patients at risk for severe toxicity.13
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