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The following Protocol contains medical necessity criteria that apply for this service. It is 
applicable to Medicare Advantage products unless separate Medicare Advantage criteria are 
indicated. If the criteria are not met, reimbursement will be denied and the patient cannot be 
billed. Preauthorization is required; the ordering/requesting physician should submit 
documentation to Utilization Management. Please note that payment for covered services is 
subject to eligibility and the limitations noted in the patient’s contract at the time the services 
are rendered. 

 

Description 

Thiopurines or purine analogues are immunomodulators used to treat malignancies, rheumatic diseases, 
dermatologic conditions, inflammatory bowel disease (IBD), and in solid organ transplantation. Thiopurines are 
converted by the enzyme thiopurine methyltransferase (TPMT) into metabolites. Measurement of TPMT activity 
may help to identify patients at risk for excessive toxicity, most often myelosuppression, after receiving standard 
doses of thiopurine medications. Measurement of metabolites (metabolite markers) may help to tailor 
individualized drug therapy. 

Background 

Thiopurines include azathioprine (Imuran), mercaptopurine (6-MP; Purinethol), and thioguanine (6-TG; Tabloid). 
Thiopurines are considered an effective immunosuppressive treatment of inflammatory bowel disease (IBD), 
particularly in patients with corticosteroid-resistant disease. However, the use of thiopurines is limited by both 
its long onset of action (three to four months) and drug toxicities, which include hepatotoxicity, bone marrow 
suppression, pancreatitis, and allergic reactions. 

Pharmacogenomics 

Thiopurines are converted to mercaptopurine (6-MP) in vivo, where it is subsequently metabolized to two active 
metabolites; either 6-thioguanine nucleotides (6-TGN) by the enzyme IMPDH, or to 6-methyl-mercaptopurine 
ribonucleotides (6-MMRP) by the enzyme TPMT. TPMT also converts mercaptopurine (6-MP) to an inactive 
metabolite, 6-methyl-mercaptopurine (6-MMP). 6-thioguanine nucleotides (6-TGN) are considered cytotoxic and 
thus are associated with bone marrow suppression, while 6-MMRP is associated with hepatotoxicity. In 
population studies, the activity of the enzyme TPMT has been shown to be trimodal, with 90% of subjects having 
high activity, 10% intermediate activity, and 0.3% with low or no activity. In patients with intermediate to low 
activity, the metabolism of mercaptopurine (6-MP) is shunted toward the IMPDH pathway with greater 
accumulation of 6-thioguanine nucleotides (6-TGN); these patients are considered to be at risk for myelotoxicity 
(i.e., bone marrow suppression). 

This variation in TPMT activity has been related to three distinct TPMT mutations and has permitted the 
development of TPMT genotyping based on a polymerase chain reaction (PCR). For example, patients with high 
TPMT activity are found to have two normal (wild-type) alleles for TPMT; those with intermediate activity are 
heterozygous (i.e., have a mutation on one chromosome), while those with low TPMT activity are homozygous 
for TPMT mutations (i.e., a mutation is found on both chromosomes). Genetic analysis has been explored as a 
technique to identify patients at risk for myelotoxicity; those with intermediate TPMT activity may be initially 
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treated with lower doses of thiopurines, while those with low TPMT activity may not be good candidates for 
thiopurine therapy. 

TPMT activity can also be measured by phenotypic testing. Phenotypic testing determines the level of thiopurine 
nucleotides or TPMT activity in erythrocytes and can also be informative. Caution must be taken with 
phenotyping, since some co-administered drugs can influence measurement of TPMT activity in blood, and 
recent blood transfusions will misrepresent a patient’s actual TPMT activity. 

Prospective TPMT genotyping or phenotyping may help identify patients who may be at increased risk of 
developing severe, life-threatening myelotoxicity. 

Metabolite Markers 

Monitoring of thiopurine therapy has been based on clinical assessment of response in addition to monitoring 
blood cell counts, liver function, and pancreatic function tests. However, there has been interest recently in 
monitoring intracellular levels of thiopurine metabolites (i.e., 6-TGN and 6-MMRP) to predict response and 
complications, with the ultimate aim of tailoring drug therapy to each individual patient. 

While genotyping and phenotyping of TPMT would only be performed once, metabolite markers might be tested 
at multiple times during the course of the disease, i.e., to aid in determining initial dose and to evaluate ongoing 
dosing. 

Regulatory Status 

Prometheus® is a commercial laboratory that offers thiopurine genotype, phenotype and metabolite testing for 
those undergoing thiopurine therapy. The tests are referred to as Prometheus TPMT Genetics, Prometheus 
TMPT enzyme, and Prometheus thiopurine metabolites, respectively. Other laboratories that offer TPMT 
genotyping include Quest (TPMT Genotype) and Specialty Laboratories (TPMT GenoTypR™). 

 

Policy (Formerly Corporate Medical Guideline) 

One-time genotypic or phenotypic analysis of the enzyme TPMT may be considered medically necessary in 
patients beginning therapy with azathioprine (AZA), mercaptopurine (6-MP) or thioguanine (6-TG) OR in patients 
on thiopurine therapy with abnormal complete blood count (CBC) results that do not respond to dose reduction. 

Analysis of the metabolite markers of azathioprine and mercaptopurine (6-MP), including 6-methyl-
mercaptopurine ribonucleotides (6-MMRP) and 6-thioguanine nucleotides (6-TGN), is considered 
investigational. 

 

Policy Guideline  

TPMT testing cannot substitute for complete blood count (CBC) monitoring in patients receiving thiopurines. 
Early drug discontinuation may be considered in patients with abnormal CBC results. Dosage reduction is 
recommended in patients with reduced TPMT activity. Alternate therapies may need to be considered for 
patients who have low or absent TPMT activity (homozygous for non-functional alleles). Accurate phenotyping 
results are not possible in patients who received recent blood transfusions. Genotyping and phenotyping of 
TPMT would only need to be performed once. 

 

 

Services that are the subject of a clinical trial do not meet our Technology Assessment Protocol criteria and are 
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considered investigational. For explanation of experimental and investigational, please refer to the Technology 
Assessment Protocol. 

It is expected that only appropriate and medically necessary services will be rendered. We reserve the right to 
conduct prepayment and postpayment reviews to assess the medical appropriateness of the above-referenced 
procedures. Some of this Protocol may not pertain to the patients you provide care to, as it may relate to 
products that are not available in your geographic area. 

 

References 

We are not responsible for the continuing viability of web site addresses that may be listed in any references 
below. 

1. Hindorf U, Appell ML. Genotyping should be considered the primary choice for pre-treatment evaluation of 
thiopurine methyltransferase function. J Crohns Colitis 2012; 6(6):655-9.  

2. Booth RA, Ansari MT, Loit E et al. Assessment of thiopurine S-methyltransferase activity in patients 
prescribed thiopurines: a systematic review. Ann Intern Med 2011; 154(12):814-23, W-295-8.  

3. Donnan JR, Ungar WJ, Mathews M et al. Systematic review of thiopurine methyltransferase genotype and 
enzymatic testing strategies. Ther Drug Monit 2011; 33(2):192-9.  

4. Dong XW, Zheng Q, Zhu MM et al. Thiopurine S-methyltransferase polymorphisms and thiopurine toxicity in 
treatment of inflammatory bowel disease. World J Gastroenterol 2010; 16(25):3187-95.  

5. Cuffari C, Theoret Y, Latour S et al. 6-Mercaptopurine metabolism in Crohn’s disease: correlation with 
efficacy and toxicity. Gut 1996; 39(3):401-6.  

6. Dubinsky MC, Lamothe S, Yang HY et al. Pharmacogenomics and metabolite measurement for 6-
mercaptopurine therapy in inflammatory bowel disease. Gastroenterology 2000; 118(4):705-13.  

7. Gilissen LP, Wong DR, Engels LG et al. Therapeutic drug monitoring of thiopurine metabolites in adult 
thiopurine tolerant IBD patients on maintenance therapy. J Crohns Colitis 2012; 6(6):698-707.  

8. Gupta P, Gokhale R, Kirschner BS. 6-mercaptopurine metabolite levels in children with inflammatory bowel 
disease. J Pediatr Gastroenterol Nutr 2001; 33(4):450-4.  

9. Dhaliwal HK, Anderson R, Thornhill EL et al. Clinical significance of azathioprine metabolites for the 
maintenance of remission in autoimmune hepatitis. Hepatology 2012; 56(4):1401-8.  

10. Waljee AK, Joyce JC, Wang S et al. Algorithms outperform metabolite tests in predicting response of patients 
with inflammatory bowel disease to thiopurines. Clin Gastroenterol Hepatol 2010; 8(2):143-50.  

11. Newman WG, Payne K, Tricker K et al. A pragmatic randomized controlled trial of thiopurine 
methyltransferase genotyping prior to azathioprine treatment: the TARGET study. Pharmacogenomics 2011; 
12(6):815-26.  

12. Gisbert JP, Luna M, Mate J et al. Choice of azathioprine or 6-mercaptopurine dose based on thiopurine 
methyltransferase (TPMT) activity to avoid myelosuppression. A prospective study. Hepatogastroenterology 
2006; 53(69):399-404.  

13. Gardiner SJ, Gearry RB, Begg EJ et al. Thiopurine dose in intermediate and normal metabolizers of thiopurine 
methyltransferase may differ three-fold. Clin Gastroenterol Hepatol 2008; 6(6):654-60; quiz 04.  

 Page 3 of 4 



Protocol Pharmacogenomic and Metabolite Markers for Patients Treated 
with Thiopurines 

Last Review Date:  03/14 

 
14. Gisbert JP, Nino P, Rodrigo L et al. Thiopurine methyltransferase (TPMT) activity and adverse effects of 

azathioprine in inflammatory bowel disease: long-term follow-up study of 394 patients. Am J Gastroenterol 
2006; 101(12):2769-76.  

15. Kennedy NA, Asser TL, Mountifield RE et al. Thiopurine metabolite measurement leads to changes in 
management of inflammatory bowel disease. Intern Med J 2013; 43(3):278-86.  

16. Morales A, Salguti S, Miao CL et al. Relationship between 6-mercaptopurine dose and 6-thioguanine 
nucleotide levels in patients with inflammatory bowel disease. Inflamm Bowel Dis 2007; 13(4):380-5.  

17. Gearry RB, Barclay ML, Roberts RL et al. Thiopurine methyltransferase and 6-thioguanine nucleotide 
measurement: early experience of use in clinical practice. Intern Med J 2005; 35(10):580-5.  

18. Armstrong L, Sharif JA, Galloway P et al. Evaluating the use of metabolite measurement in children receiving 
treatment with a thiopurine. Aliment Pharmacol Ther 2011; 34(9):1106-14.  

19. Teml A, Schaeffeler E, Herrlinger KR et al. Thiopurine treatment in inflammatory bowel disease: clinical 
pharmacology and implication of pharmacogenetically guided dosing. Clin Pharmacokinet 2007; 46(3):187-
208.  

20. Benkov K, Lu Y, Patel A et al. Role of thiopurine metabolite testing and thiopurine methyltransferase 
determination in pediatric IBD. J Pediatr Gastroenterol Nutr 2013; 56(3):333-40.  

21. Meggitt SJ, Anstey AV, Mohd Mustapa MF et al. British Association of Dermatologists’ guidelines for the safe 
and effective prescribing of azathioprine 2011. Br J Dermatol 2011; 165(4):711-34.  

22. National Academy of Clinical Biochemistry. Laboratory medicine practice guidelines: guidelines and 
recommendations for laboratory analysis and application of pharmacogenetics to clinical practice 2010. 
Available online at: www.guideline.gov. Last accessed May, 2013.  

23. Lichtenstein GR, Abreu MT, Cohen R et al. American Gastroenterological Association Institute medical 
position statement on corticosteroids, immunomodulators, and infliximab in inflammatory bowel disease. 
Gastroenterology 2006; 130(3):935-9. 

 Page 4 of 4 


	Protocol

