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Study design
· Retrospective study
· 52 dogs (some excluded due to inadequate follow up, etc) treated with AZA at standard dosages for any clinical indication that were followed up for at least 2 months or until an adverse event 
· Dogs that were being treated with glucocorticoids were only eligible for inclusion if they were on a stable or decreasing dosage of glucocorticoids during the observation period
· 2 objectives: evaluate incidence of hepatotoxicosis and cytopenias


Key Points and Results
1. AZA hepatotoxicity: Defined by ALT activity >2x the upper limit of the reference range in patients with previously normal liver values

2. Frequency of hepatotoxicosis 15% (5/34, 3/5 were GSD) and was mixed (hepatocellular and cholestatic) in all dogs
· Median increase in ALT: 9 fold
· Median increase in ALP: 8 fold
· Only 1/5 dogs had clinical signs (anorexia and diarrhea in a dog with underlying PLE)
· Most dogs that met definition of AZA toxicity did not have clinical signs, and no evidence of overt liver failure
· No differences between affected and unaffected dogs with regard to age, dosages, body surface area

3. Thrombocytopenia or neutropenia (4/48, 8% of dogs) occurred significantly later in treatment (45–196 days) compared to hepatotoxicosis
· None of these dogs were the same dogs that developed hepatotoxicosis

4. Results of study support (in dogs):
· Routine monitoring of ALT and ALP, 1 or more times, between 1-4 weeks of AZA treatment
· Chronic monitoring of the CBC


Background
· Purine analog, immunosuppressive drug

AZA hepatototoxicity (Humans)
· Dose dependent 
· Defined by ALT activity >2x the upper limit of the reference range in patients with previously normal liver values
· Occurs within 2-8 weeks of starting drug
· Idiosyncratic 
· Rare. 
· Occurs in first 4 weeks of treatment
· Includes rash, fever, arthralgia, myalgia

Mechanism of action:
· Oxidative stress and mitochondrial damage secondary to AZA bioactivation
· Glutathione precursors are protective



· In dogs AZA led to increased ALT and focal hepatic necrosis dosed experimentally with 1-2mg/kg/day for 1-6 months
· AZA hepatotoxicosis attributed to accumulation of 6-MMP (6-methyl mercaptopurine) and its nucleotide metabolites
· Cytopenias are associated with high concentrations of 6-TGN (6-thioguanine nucleotide) metabolites
· Evidence of hepatotoxicosis is treated with close monitoring, dosage reductions, or drug continuation depending on severity of increases in liver enzyme activities


Results
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Table 1. Demographic data for 52 dogs treated with
azathioprine (AZA), with clinical follow-up, from 2009
t0 2013. Data are reported as medians with ranges.

Age
Sex

Underlying Diagnosis

AZA dose (mg/ke)
AZA dose (mg/M?)
AZA duration (months)

7.0 years (0.9-14.0)
FSn=-23

Fin=2

MN
Min
Labrador retriever n
German shepherd n

Other individual purebreds n = 23
Mixed breeds n = §
Inflammatory CNS n =
IMHAn =38
Pn=7
IMPAn=5
IBDprotein losing enteropathy/
Iymphangiectasia n = 5
Pemphigus foliaceus n = 4
Evans syndrome n =
Lupusn =2
Other immune disorders n = §
19 0.54.8)
526 (16.3-107.5)
1.7 (0.25-124)
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Table 2. Serum biochemical variables in 5 dogs that
developed evidence of hepatotoxicosis during azathio-
prine (AZA) treatment. Data are reported as medians
and ranges.

Biochemical variable

Measurement

(Reference Interval) Before AZA  After AZA

ALT (14-87 1U/L) 71 (49-150) 782 (252->2,000)
ALP (20-157 IU/L) 142 (109-1364) 1253 (175->3,000)

Bilirubin (0.1-08 mg/dL)  0.1(<0.1-0.2) 0.1 (<0.1-0.5)
Albumin (23-39 g/dL) 33 (<1038 3.1(163.5)

Blood urea nitrogen 1701521) 15(10-39)
(BUN; 7-32 mg/dL)

Cholesterol 180 (154-205) 265 (137-482)
(149-319 me/dL)

94 (90-98) 98 (85-106)

“The dog with a serum albumin of <10 g/dL before treatment
and 1.6 g/dL after treatment had protein-losing enteropathy.
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